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Preface to the Second Edition

In the preparation of the second edition, it has been difficult for
the author to adhere completely to the purpose of the first edition
and at the same time heep pace with the increasing importance
of the laboratory in the diagnosis of disease. Included in the second
edition are methods, such as the determination of hemoglobin,
heme plgmenls in serum, osmotic fragility and serum bilirubin
which require the use of a photometer. A method for counting
plale]e[s with a phase contrast microscope and procedures for the

of abnormal hemoglobins by paper cleclroplmresls
have been added. Admittedly, these methods require the use of
more than simple, inexpensive apparatus. They have been added
because they are considerably more accurate than are those which
require less expensive apparatus and because many small diag-
nostic laboratories now have the necessary equipment. The methods
which require less expensive apparatus have bccn re|amed so that
the student of medicine, medical technol. or i for
whom this manual is wniten, may choose hluche\cr mclhod best
suits his or her conditions,

The sections concerming tests for hemolytic and hemorrhagic
disorders have been expanded considerably, In general, these tests
are easy to perform and a mxmrnum of equipment is required.
However, the intell ion of these p d and the
nterpretation of the resuhs require some understanding of hemo-
lytic and hemorrhagic disorders. For this reason, a small amount
of explanatory material has been added as an ntroduction to
these sectjons and, for the same reason, an explanatory introduction
has been added to the sections on blood and urine pigments related
to hemoglobin

Data concerning the accuracy of a number of methods, when per-
formed by medical students with Limited experience, have been
mcluded n this edition Such information should be of value and
terest to both teachers and students

The technics are presenled as m the first edition, in a stepwise
fashion and emphass is placed on small techmcal details and on
possible sources of error. To the author, 1t seems belter to present
methodology 1n this *“cook book™ fashion than to outline it sketch-
ily, omtting small but important details, The latter type of descrip-

ix
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tion is to be found all too commonly in the American literature
today.

The author is greatly indebted to his chief, Dr. M. M. Wintrobe,
for his “hematologic upbringing” and for his constant advice and
criticism. For the illustrative material, he owes thanks to his wife,
Helene, and to Mr. Howard Tribe. To his medical technologist,
Miss Doris Kurth, and to his secretary, Miss Bonnie Jo Nelson,
sincere appreciation is due.
G. E. Cartwricnt, M.D.
Salt Lake City
September, 1957
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2 DIACNOSTIC LABORATORY HEMATOLOGY

Coefficient of Variation. The coeflicient of variation {CV.} is
the standard deviation (S.D.) expressed as per cent of the mean,
It js useful in comparing the standard deviations of quantities which
are expressed in different units.

An example of the above calculations is gisen in table 1.

Taeee 1 ~Calenlation of the Mean, Standard Detiation and Coefficient
of Fanation

Determination N “": D,C;'I“m‘f‘;’"' Xx-~¥X (X — X
1 520 020 1]
2 180 020 0
3 555 055 30
3 510 010 a
5 560 060 36
6 110 060 36
7 530 030 4
8 115 055 0
! 030 o
010 o
! { 160
T - R
sD = i\.:.\.).' = ‘/lm = Vom [543
) N—1 1]

042
€. ¥, = — X 100 = t84 per cent
500

REFERENCE
{ toutine hematologic methads
Alent relesence on the error of 3 number o
s ::1:;:-:“B1ws. R. aso Mscstieeas, R L, The erors of some r:n:‘mn;:m.x
Imrlllod! e they are used n & routine laborstory § Cho Path 1 200,17
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DIAGNOSTIC LABORATORY HEMATOLOCY

fig 1.—The Impeovad Negboust culing af the counting chambar

The results of calibration by the National Bureau of Standards
of 36 red cell pipets are shown in table 2. These pipets were
purchased on the “open market™ and all were “guaranteed” by

Error® No of Pipets Total
A Brand A DBrand B Brand

ES 4 4 o 8
x5 8 4 3 15
+10 [ 4 1 8
*13 [ [ 2 2
=23 ¢ o 3 3

vof & 1200 dilation.
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6 DIAGNOSTIC LABORATORY HEMATOLOGY

0.5 mark and subsequently diluted to the 101 mark, all of the
red ce])s are washed into the bulb, thus making a dilution of 0.5
parts in 100 parts of the bulb (1/200}, the cell free contents in
the capillary portion not participating in the dilution. In the white
cell pipet, when blood is drawn to the 0.5 mark and subsequently
diluted to the 11 mark, the dilution is 1/20. The hemoglobin pipets
are manufactured to hold 0 02 ml, of blood. Because the blood pipets
are carefully calibrated precision instruments they must be given
proper care.

Cleaning of the pipets may be performed as follows:

1. Fill the bulb 3 times with distilled water, each time filling
through the capillary end, shaking, and emptying through the large
hore end.

2. Repeat the aboe procedure by filling 3 times with 95 per cent
alcohol.

3. Then fill the bulb 3 times with ether.

4. Thoroughly dry the interior of the pipet with a current of
dry air. Air as discharged from the lungs is unsatisfactory since
it contains much moisture If a suction apparatus is net available,
the pipet may be dried by removing the rubber tubing and shaking
in the air. The bead must roll freely and the pipet must be ah<olutely
dry and free from solients. If any solvent remains 1n the pipet,
protein precipitation will occur when blood is introduced and this
may be extremely difficult to remove. The interior of the pipet
should always be dry before storing. 1f mosture remams n the
bulb, the bead may adhere to the wall and then be removed only

with difficulty
In the above procedure, acetone may be substituted for alcohol

and ether,
If albuminous material has heen allowed to remamn an the bulh

and cannat be removed by the abore method, the pipet should be
filled with cleaning solutton and allowed to stand overnight

Take all precautions against breaking the point of the pipet. The
shightest nick which enters the hore renders the pipet uselees hecause
of the resulting inaccuracy n dilution.

Hemoglobinometers. A multitude of instruments have been
developed and are marlable for the determmation of hemoglobin
In no single instrument are the two qualitics of accuracy and Jow
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is more satisfactory than the Sahli hemoglobinometer from the
standpoint of accuracy, speed and simplicity, However, its cost is
approximately twice that of a Sahli instrument. In this instrument
the transmission of light through a thin layer of hemolyzed blood
(oxyhemoglobin) is compared with that of a standardized glass
wedge with a transmission in the green (wave length, 510 my)
which closely approximates that of oxzhemoglobin, Proper Jight is
obtained by means of a green filter, so that only the intensity of
transmitted light of uniform hue 1s matched in the split ficld, A
constant and known thickness of the unknown sample of blood
is obtained by filling a chamber of defined depth. Thus, quantitative
measurement of the blood sample by the use of a pipet is not
required. The hemaglobim concentration can be determined within
= 10 per cent (2 C.V.} with this instrument, This is probahly
the most satisfactory portable, visual hemoglobinometer avalable
in this country,

A properly standardized photoelectric instrument is the most
accurate, practical method for the routine determination of hemo-
globin and should be used whenever possible, With such an instru-
ment the many variables of visual colorimetry are circumsented
There are a great many diferent instruments available on the
marhet, ranging in price from about one hundred dollars to several
thousand dollars The instruments may be subdiaded into two

groups: filter-type ph and spectroph . The filter-
type photometers employ monochromatic fllters with relatively
broad spectral tr i The spectropl s limit the spec-

trum to very narrow ntervals and more truly monochromane hght
is obtained In general, spectrophotometers are to be preferred over
filter-type pb rs, although hemoglobin deter n ions can
be performed with a sufficient degree of accuracy (= 5 per cent)
with even relahnely inexpensne mnstruments of this type The -
divadual performance of all instruments should be studied with a

. 1
primary standard, such as copper sulfate * In
all instruments must be standardized for the determination of hemo-

globun (p 273, .
Hematocrit. The hematocnt 15 a tube of uniform bore 13 mm )

*For details concerning photometry see D L Deablun, *Photometry and Spee
teophotometn™ in Vedical Phrsics, edited by O Glasser, Chicaga, The Yrar Look
Publishers, 1950, vol 2 p 1039
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made from capillary blood in preference to venous blood to which
an anticoagulant has been added. Blood from an carlobe is fess
satisfactory than blood from the finger or heel.

The part to be punctured should not be cyanotie, edematous or
cold. If it is cyanotic it should be immersed in warm water for 5
minutes The side of the finger is less sensitive than the ball of the
finger. The «kin is cleaned with alcohol and then wiped dry.

The most satisfactory instrument for eapillary puncture is a
disposable stylet. These are very inexpensive, sharp, and the prob-
lem of sterilization is circumvented. Automatic lancets and Bard-
Parker blades are unsatisfactory because of the difficulty of ade-
quate sterilization, particularly of the hepatitis virns, and because
of the difficulty in Keeping them sharp,

A puncture, approximately 3 mm. deep, i+ made by a simple,
quick stroke, The first drop or two of the freely flowing blood is
discarded by allowing it to flow off to the side. Shght pressure may
be made along the sides of the finger some distance from the wound.
Undue pressure in securing drops of blood should he avoided as this
will cause cilution of the blood with tissue fluid. If free flowing
blood is not obtained, it is better to repeat the puncture. All equip-
ment must be readily available. Speed, dexterity and [freely flowing
blood are essential for good results,

Venous Blood. The advantage of venouts blood is that a number
of determinations may he performed and repeated if necessary,
at the Jeisure of the physician, from a single specimen of blood. The
Blood counts, with the exception of the platelet count, may be
made at any time up to 2! hours after the blood has been drawn,
provided there is no hemolysis evident in the plasma and the bortle
has been hept tightly corked and refrigerated at 5 C when pot
1 use. The sedimentation rate should be performed within 2 hoprs
and the platelet count within an hour. Venous bleod may be used
for erythrocyte, reticulocyte, platelet and leukocyte counts, "l(‘mo
globin, sedimentation rate, volume of packed red cells, and icterus
index tests.

A 20 or 18 gauge needle with n short bevel should be employed
The needle must fit tightly to the syringe If the tip of the syringe

eThe “[emnlets™ (Seientifie Peaducts Thyv Amenican Tosutal Supply Corp.
Evanston, HL) or “Sers Sharp™ (Abco Dealers {nc, 41 E. 42ad St New York 17,
N Y) are sausfactory
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1t is absolutely essential to use the proper type and amount of
r fe Heparin is satisf y but expensive, Potassium

axalate is unsatisfactory since it causes shrinkage of the red cells,
Ammonium oxalate causes the red cells to swell.

The most satisfactory anticoagulant is a mixture of dry am-
monium and potassium oxalate. When 6 mg. of ammonium oxalate
and 4 mg. of potassium oxalate are used for 5 mi. of hlood, no
alteration in the volume of patked red cells takes place and the
other corpuscular constituents remain unchanged. The volume of
blood added to this amount of anticoagulant may be varied from
3.5 10 6.0 ml without appreciable influence on any of the values
except the sedimentation rate of the red cells, The anticoagulant
15 used dry to prevent dilution of the blaod. This mixtuse is referred
to as the double ovalate mixture and s preparation is as follows.

Ammonium oxalate 1.2 Gm.

FPotassium oxalate 0.8 Gm

Neutral formaldehyde (38 per cent US.P.) 1 mi

Distilled water te mahke 100 ml

From a buret, 0.5 m). of the above solution is measured into
a series of bottles {discarded pemciliin hottles with rubber or cork
caps are satisfactory), The bottles are allowed to dry at room
temperature ot in an oven at pot more than 60 C Each bottle
then contains 6 mg. of ammonium oxalate and 4 mg. of potassium
oxalate, the proper amount for 5 ml. of blood. These boitles may
be stored indefinitely without deterioration of the anticoagulant.

Ethylenedi tetraace “Seq ene,” “Versene™) is a
very suitable anticoagulant for blood and is rclaxil\cly nexpensine
the dipotassium salt is more soluble than the disodhum salt amd

therefore, more satisfactory for this purpose.” T7u:< anticoagulant
xalate mixture” in that platelets

.‘5’ “

has the advantage over the “double o r

are better preserved in it than 0 the oxalate mixtare, The appro
1ate concentration is 1 mg. per 1 m}. of blood, At this concen-

" arulation 15 effectinely prevented and no change i cclt
b3

e A number of bottles for the collection of blood

volime occurs, £

lons:

cay be prepared as follows:

raﬁ);;mfscium ethylenediamis . 1.0 Gm,
D.tilled water to male 100
. & can be § et b Products,

Ve dvy - 2 .

1o 03 : .
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16 DIAGNOSTIC LABORATORY HEMATOLOGY

being filled. When the bulb is almost full the pipet should be raised
to the vertical position and the level of the fluid is drawn slowly to
exactly the 101 mark. The pipet js then shaken immediately for
about 30 seconds to facilitate the initial mixing. For this purpose
the pipet may be held loosely in one hand while the attached rubber
tubing is revolved hetween the thumb and forefinger of the other
hand. If blood is being obtained from the finger, the manipulations
up to this point must be carried out rapidly, otherwise coagulation
is likely to begin hefore the blood is mixed with the dilnting fluid
and the cells will be clumped in the preparation, thus introducing a
gross error.

4. Repeat the above procedures with a second pipet,

5. Shake the pipets for approtimately 3 minutes,*

The pipets can conveniently be held between the thumb and sec-
ond finger. Shaking should he done in several directions rather than
in one direction only. When the shaking has been completed, pro-
ceed immediately to the next step. If the pipet 15 allowed to stand
for any period of time (even one minute), the contents of the
pipet must be remixed for 3 minutes.

6. Expel and discard the first 4 drops from each pipet. This is
done in order to remove the fluid in the capillary portion of the
pipet which has not come in contact with the blood.

7. Load the counting chambers of the hemocytometer.

Fill one chamber from each pipet. With the cover glass on the
chambers over the tuled platforma allow a drop of the diluted blood
to run by capillary attraction under the cover glass without any
forcing. If this does not occur, the counting chamber or cover glass
1s dirty and both should be washed in water, dipped in alcohol ¢3nd
dried free of hnt. In placing the diluted blood 1n the counting
chambers, the tubing should be kept in the mouth so that the ﬂn.“
can be controlled. The pipet should be held as ane hold« a pencil,
with the tip at the edge of the cover glass, T}xe size of the drop
must be gauged by practice. It must be sufficiently large to cover
the whole platform and yet not large enough to run into the moat
No tubbles are permissible H too much h{u been allowed to run
under the cover glasa, do not try to ssve this preparanion or 1o fill

@\ pupet rotor such ax the Bryan Garrey (A & Aloe Col St Lows, Mo may

pe ueed
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Considerable shill is required In order to perform accurate red
cell counts, This is obtained only through practice. In addition,
there is one possible large error (inherent error of distribution)
which cannot be eliminated or controlled even in the hands of the
most highly skilled, Accurate red cell counts are essential since
they are used in the ealenlation of red cell indices. Because of
these facts the following set of rules must be adhered to strictly:

1. A fy calibrated equi must be used.

. All sampling and technical errors must be reduced to a
minimum.

3. Two pipets and tno chambers must be used.

4. Between 400 and 600 cells must be counted in each chamber.

5. The jnherent error of distribution of the cells in the chamber
must be estimated.

The accuracy of students performing a red cell count for the
sixth tume in their experience is shown in table 6, There were 50
students iv each class, The red cell counts were performed by 2
given class on a single spectmen of blood. The technic recom-
mended ahove was used.

Taste 6Faanion wn Red Cell Count s Performed By Students

[\

Mean Range 260 ey
o 210%7mm’® $107mm'* P
1 I 7 3244 052 138
456 3553 051 e
§ 358 3141 04 129

5D, refors fo standard devistion.
C.V relers to coeficient of vasiztion
Estimation of the Inh t Error of Distribution of
the Cells in the Chamber
1. Record the number of cel

and BJ.
1"2, Obtain the numerical differen

3, Calculate two standarsd deviations 153

1s counted 1 each chamber (A

ce C between A and B
W wing formula

2 VAt
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thap 28D a -
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50 X 200 or 10,000. In actual practice a deeimal point is placed
two digits to the left of the number of cells counted in each chamber
and the results are expressed in number of cells X 10° per mm.?
‘The mean of the two or four counts is recorded.

If less than 400 cells are counted in the § groups of 16 squares,
it is necessary to count additional groups. The calculation then
becomes

No. Celis Counted X Dilution
0.001 X No. of Groups Counted

An alternate procedure is to fill the red cell pipet to the 1.0 mark
in place of the 0.5 mark, dilute to the 101 mark and count the
standard 5 groups of 16 squares, The number of cells counted 1s
then multiplied by 5000 rather than 10,000.

In polycythemia, the number of cells i the counting chamber is
too large to permit accurate enumeration 1if the dilution is 1/200.
In this event draw blood to the 0.3 mark of the red cell pipet, dilute
to the 101 mark and count the standard 5 groups of 16 squares.
The number of cells counted is then multiphed by 10,000 and the
result multiplied by 5/3 since only 0.3 part rather than 0.5 part
was taken.

Indications for a Red Cell Count

Of the three methods available for the detection of anemia in
the laboratory, namely, the red cell count, determination of hemo-
globin and the volume of packed red cells, the enumeration of
the red cells is the least accurate and the most difficult and time
consuming to perform (table 8) Therefore, a ved cell count
should never be used as a screening procedure for anemia. The only
indication for a red cell count is when it is of interest to caleulate
the red cell indices.

Reagents
Gater’s solution
Sodium sulfate 12.5 Gm.
Acetic acid 33.3 ml.
Distilled water to make 100 ml.
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Taste 8.—Companson of the Accuracy of the Three Laboratory Methods of
Detecung Aneria

Mimmal | Usval Usual
Error (2] Error (2| Ervor Teve
[AN) LA ] Leits | Value

b et
Red cell conpt (10/mm’) o] =11 =30 35-63[( 500
Hemoglobint (Gm. <) o] *2 =5 133-157 ] 1500
VPRCE (ml/100mL) | =1 =1 495-50.5 [ 5000

*One prpet, one chamber and technical error.
Photoclectric colorimeter.
$VPRC sefers to volume of packed red celle.

Hayem’s solution
Sodium sulfate 2,5 Gm.
Sodwm chloride 0.5 Gm.
Mereuric chloride 0.25 Gm.
Distilled water to make 100 ml.

For best results this selution should not be more than 3
weeks old,

REFERENCES

1 Benksow, I, Macarn, T. B., avp HCwv, M - The error of estimate of the blood
cell count as made with the hemacytometer. Am 1 Physiol. 125, 309, 1910,

2 Biccs, R avo Macstizay, R L. The error of the red cell count J Clin
Path. 1 283, 1918

Determination of Hemoglobin

Sahli Method

Technic

1. Fill the calibrated tube to the 2 Gm. mark with 0.1 N HCI
This 1s done with a dropper, The amount need only be approxt-
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mate (within one drop). It is essential that the acid be 0.1 N since
lower concentrations fail to produce acid hematin.

2. Fill the pipet with blood to the 0 02 ml. mark.

Care must he taken to fill the pipet exactly to the mark. If a slight
excess (2mm ) is tahen in, it may be removed by touching the point
of the pipet lightly with a finger or cloth. If a great excess of hlood
is drawn into the pipet, it must be discharged, the pipet cleancd and
dried, and the procedure begun again.

3. Wipe off blood adhering to the outside of the pipet.

4. Add the contents of the pipet to the ncid in the tube.

The pipet is carefully introduced into the calibrated tube and
passed to the bottom into the HCI With gentle constant agitation
of the tube, the blood is slonly expelled, care being taken to form
no bubbles. When the blood has been expelled the pipet is rinsed
by slowly drawing and discharging the acid hematin solution inte
and out of the pipet several times; care 15 again taken to prevent
bubble formation, The ppet is then withdrawn part way up mto
the tube and the outside of the pipet is rinsed with several drops
of actd. The washings are allowed to fall to the bottom of the
tube. The pipet is then remosed, the outside wiped ofl, the inside
of the pipet rinsed twice with distilled water, the contents being
expelled into the lower portion of the tube.

5. Mix the acid hematin solution,

With the aid of a glass stirring rod. the contents of the tube are
mixed. Do not mix by placing a finger over the open end and
inverting the tube.

6 Allow the tube to stand for 10 nunutes.

The color of the acid hematin solution mereases 1n intensity with
time. In 10 minutes 95 per cent of the color 13 developed. in 20
minutes 98 per cent, in 40 minutes 99 per cent. In practice 1t i«
impracneal to wait 20 minutes or more Therefore, readimgs are
always made after 10 minutes and the instrument standardized
under these conditions.

7. Dilute the hematin solution until the color matches that of

the stapdard brown glass, . .
Add distilled water drop-wise with stirring each time fuee glass

rad) until the color matches that of the standard hrown glass, It 1«
best to employ consistently one type of hight. Readings are best made
in dayhight, but since this is not always available nor of the same
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intensity, the preferred procedure is to make the readings with
the blue filtered sllumination from a substage lamp. The lamp
should always be placed in the same position in relation to the
hemoglobinometer.

8 Read directly the concentration of hemoglobin in grams per
cent.

The bottom of the meniscus of the hematin solution is the level
for reading. The scale showing the per cent of normal hemoglobin
is disregarded since the amount of hemoglobin varies in normal
individuals with age, sex, climate, and other factors, and therefore,
no value can be arbitrarily fixed as the equivalent of 100 per cent
hemoglobin.

Sources of Error

A. Sampling errors (See under “Enumeration of Erythro-
cytes,” p. 18).
B. Equipment errors
1. Pipet error.
2, Error in cahbration of tube.
3 Error 1n the standardization of the color of the brown
glass
C. Technical errors
Unclean or wet pipet.
. Improper filling of the pipet.
Blood adhermng to the outside of the pipet.
Improper mixing of the blood with the acid.
Unclean tube or standards.
. Errors 1n visual colorimetry,
Vanable rate and degree of color development of acid
hematn,
8 Variation in the type and ntensity of the hght sonrce.
Standardization of the procedure is essential The same pipet,
tube, and color standards must be used each time. The time imterval
allowed for the development of color must remam constant. The
bight source must remain reasonably constant. Techmcal errors must
be reduced to a mmi Fnally, the and pipet
must be dardized agamnst soluti of known b lobin con-

NP YR W
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centration with the technic and conditi ployed. The

N L. . N o N
of t ! determining hemoglobin for the sixth time in their ex-
perience is shown in table 9. There were 50 students in cach class,

TasLe 9 —F'anation n the Determination of Hemoglobin (Sably Methad)
as Performed by Students

Mean Range 28D 20V,
Class Gm./100m! Gm /100 m] %
1 116 103-136 126 108
2 154 138174 136 88
3 log 98--122 09 90

§D, refers to standard deviation
C.V. refers to corefficient of vanation.

Hemoglobin was determmed by a given class on a single specimen
of blood. The techme recommended above was followed. A *“cor-
rection factor” was used for those hemoglobinometers with a
“correction factor™ greater than = 10 per cent,

S Jardization of the Hi lobi

After the student has gamed sufficient practice to have mastered
the technic and has standardized the conditions of the techmic, a
record should be kept of the values obtained on each sample of
blood and of the values given nm which have been obtamed by
the use of a well standardized photoelectric instrument. The values
oltained by the use of the Sahlt and the photoelectric instrument
are each totaled The “‘photoclectric values” are disided by the
“Sahli values.” If the correction factor obtained is greater than
1.1 or less than 09, all subsequent values are multiplied by the
factor wn order to obtain the corrected values [f the corrected factor
is between 0.9 and 1 1, no correction 13 needed

Table 10 is supplied so that the fard of the instrument
and the correction factor may be recorded permanently

Reagent
The 0.1 N hydrechloric acid need not be accurately standardszed
It is adequate to dilute 1 ml. of concentrated hydrochionic acid 1o

100 ml with distlled water.
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.

readily available st d for hemoglobi ¥ has been under-
taken by the National Research Council. As a result of this study
the Council has concluded that solutions of cyanmethemoglobin
are suitable standards for this purpose. Such standards are now
readily available commercially from several different sources.
Therefore, the applications of these standards will be described
in detail.

Cyanmethemoglobin solutions were chosen as a standard for
distribution by the National Research Council for the following
reasons: (1) the solutions can be prepared simply and inexpen-
sively from erystalline hemoglobin; (2) solutions of this pigment
are stable for at least 6 months when preserved at refrigerator
temperatures; (3) they can he accurately standardized; and (1)
the absorption band of cyanmethemoglobin in the region of 510 mu
is broad rather than sharp, so that its solutions are suitable for
use in filter-type photometers as well as in narcon hand spectro-
photometers.

The solutions of cy 2
basis that the extinetion coefficient of one milligram atom of iron
{fe = 1 mg, atom of 1ron per liter; d = 1 em.) in the form of cyan-
methemoglobin at a wave length of 510 mp is 11.5. For the purpose
of converting the values of hemoglobin from millimoles ‘liter to
mg./100 mulliliters, a factor of 1652 1s used. This factor 15 based on
an equivall lar weight for hemoglobin of 16,520 per atom
of iron. In accordance with the decision of the International Unjon of
Pure and Applied Chemistry, based on curremly avaiable anafysis
of crystalline hemoglobin, the iron content of hemoglobin i
accepted as 0.338 per cent.

It is possible to standardize the instrument with the cyanmethe-
moglobin standards and then determine hemoglolun routinely by
a procedure other than the cyanmethemoglobin method Howeser.
the routine determination of lobin as cyanmethemoglobin is
recommended for the following s 1) the dardization
of other methods of analysis involses additional steps and may
fead to some loss of accuracy, (21 the esanmethemaglobia mrthod
measures not only oxyhemoglobin but al<o carbon monovxide hemo-
globnn and mclhcmnglgbm, (3} the cyanmethemoglobin method
18 symple, and (1) with filter-ty pe photometers the single relatinehy

| lobin are standardized on the
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The copper ammonium sulfate solution will remain constant for
a period of a year when stored in tightly stoppered pyrex flasks.

Matching the Cuvettes

A. Round Cuvettes

L. Clean and dry several dozen cuveltes, taking care that
the outside as well as the inside is clean.

2. Examine each cuvette for scratches or flaws and discard
those which are unsatisfactory.

3. Fill each cuvette with a solution of hemolyzed blood
which is prepared by adding 0.2 ml. of whole blood to 50 ml. of
distilied water.

4. Set the photometer at the 510 mp band or put the appro-
priate filter in place.

5 Set a water blank at 100 on the transmittance scale (T)
or zeso on the densily scale (D). Check this selting at suiable
intervals.

6. Place a filled covette in the well and rotate slowly, noting
the slight movement of the beam. At the muidpoint of the beam's
swing, mark the cuvette with a diamond point pencil with reference
to some mark on the housing of the well.

7. Place a second cuvette in the well and rotate it until the
reading of the galvanometer corresponds with the reading at which
the first tube was marked. Mark each succeeding tube in the same
manner.
8. Precautions should be taken to prevent scratching the
cuvettes. Wood or coated wire test tube racks are to be preferred
over uncoated wire racks.

B. Square Caveltes

1. Follow structions 1 through 5 abasve.

2. Place each cuvette in the well and record the values, If
inexpensise cuvettes are being used, 1t should be possible to select
from a large lot those with identical readings and reserve them
for hemoglobinometry If expensine curetles are bemng used, 1t
will be necessary 1o determine the correction factor Tor each eell
and apply this correction factor tn all subsequent determinations

and caleulations.
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10 ml. to tube 2, and 20 ml. to tube 3. The concentration of cyan-
methemoglobin in tube 1 js then one-half that of the concentrated
standard, in tube 2 one-third, and in tube 3 one-fifth that of the
concentrated standard,

Care of the Standards

The standards are stable for at least 6 months shen maintained
under proper conditions. The solutions, as obtained, are free of
bacterial contamination, They are bacteriostatic though not bacteri-
cidal and should remain free of contamination if properly handled,
The most satisfactory method of handling is to transfer them to
clean, matched cuvettes and seal them permanently. Rubber or
cork stoppers are less satisfactory, Care should be taken to prevent
scratching of the cuvettes, When not in use, the standards should he
stored in a refrigerator (5 C.) in the dark, but not frozen. Shovid
they become turbid, they are obviously not satisfactory for
photometry.

The standards should be warmed to room temperature hefore
use. This js extremely important becanse when the solntion 1s cold
and is then heated by the light source of the photometer, conden-
sation on the optical surfaces of the cusette will occur. This may
canse a considerable error. Also, when the cold solution is warmed
by the hght source, bubbles may form in the solution Esen small
bubhles on the optical surfaces of the cutette may gine nse to
an appreciable error. The cuvettes should be wiped free of outade
maisture, grease and hint hefore use,

Frery 6 months a new concentrated standard <olutton <hould
be purchased and the old solutions discarded.

Calibration of the Instrument With the
1, . 3

Cy 1 bin Standards

1. The messurements are made at wave length of 510 ma If
the instrui is a spectrop et the wave length selector
at 510 my. If a filter-type photometer is used, the appropriate filter
must be in place (Evelyn, 510 filter; Lotz Photometer, Rlter didk
550: Fisher Chnical Electrophotometer, 525 filter. Kiett-Summer-
con Photoelectric Colorimeter, green (No. 54) filter)




PHOTOMETRIC METHOD (CYANMETHEMOGLOBIV) 33

2. Turo on the instrument; allow it to warm up., The operation
of each make of clinical photometer is somewhat different. Instruc-
tions concerning operation come with each instrument.

3. The absorption of light by the diluent solution at 510 my is
negligible. Therefore, either the diluent solution or distilled water
may be used as a blank.

4. Set the blank at 100 on the per cenl transmittance (T) scale
or at zero on the density (D)} scale.

S. Place each of the three standard tubes in the cuvette well
and read the values from the scale.”

6. It is difficult to state arbitrarily the frequency with which
the standardization should be checked. Perhaps, until the operator
becomes acquainted with the constancy of the instrument under his

i H it is advisable to make a check {this takes
only abont 5 minutes) every hme a determination is performed.
If after considerable experience 1t is found that the standardization
is constant over prolonged periods, less frequent checking may
be necessary. In general, it is recommended that a regular schedule
of weekly checking with the standards should be instituted. More
frequent checking would be within the judgment of the operator.

Preparation of a Standard Curve and Table

1. The concentrations of the standards refer 1o the concentration
(mg /100 ml ) of cy h lobin in the sol To obtain
the values for the amount of hemoglobin in 100 ml. of undiluted
blood, these values are muluplied by the dilution factor and the
product 1s divided by 1000 If 0.02 ml. of blood is added to 5 ml.
of diluent solution, the dilution factor is 251. If 002 ml. of blood
15 added to 10 ml of diluent solution (Evelyn instrument}, the
dilution factor 1s 501,

*To epan the Light beam of the Colemas, Jr Spectrophotometer there must be
atleast 6 m! of solution in the 19 mm. cuvette The sccarate measurement of 6 ml
13 cumbersome because transfer pipets are not available i that size and terologtc
Prpets are inadequate Therefore, 3t is recommended that the mstrument be shightly
modified to permit accurate readings with 8 smaller volume of solutson A 5 mm
ehice should be cut from the top of a no 1 rubber stopper and dropped into the
cuvette adagter eo that 1t Lies Bat on the bottors Thia elevates the curvette suffi-
ciently that 5 ml of solutien epan the light beam
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For example, if the ion of the ¢ hemoglobi
standard is exactly 58.9 mg. per cent and the dilution 251, then
589 X 251

1000 = 14.78 Gm. of hemoglobin/100 mi.

2. If the meter readings are in terms of per cent transmission
(T}, the values of the standards are plotted on single-cycle semij-
logarithmic paper with the per cent transmission on the ordinate
(logarithmic scale) and the hemoglobin in grams per cent on
the abscissa (X axis or bottom axis). A line connecting the three
points should pass through or very near T per cent = 100. This
1s the standard curve. The T per cent values for unknown bloods
may be translated into values of liemoglobin by reference to this
curve. When large numbers of measurements are made it may be
more contenient to construct a table of hemoglobin values for every
possible T per cent reading.

3. H the meter readings are in terms of density (D) the values
are plotted on linear graph paper with the density values on the
otdinate (Y axis or left border} and the hemoglobin in grams per
cent on the abscissa (X axis or bottom axis). A line connecting the
three points should pass through or very near zero The D) values
for unknown bloods may be translated into values for hemoglobn
by reference to this curve, or a table of hemoglobin values for every
possible ) reading may be prepared from it

D ination of H obin as Cy : globi

1. Measure cxactly 5 ml. of the diluent solution mnto a clean,
dry curette or test tube. When square cusettes are used it is usually
more convenient and satisfactory to mix the blood and diluent in
a clean, dry test tube and transfer the solution to the cusette at
the time 1t is placed in the instrument. The 5 ml. \olum‘exnc transfes
pipet should be within the tolerance set by the U, 8. Bureau n.(
Standards, The pipet should he filled by the use of a suction hu!h
When many determinations are performed it 15 more contenient
to use an automatic prpet or buret.t

a=Vofupettor.” § ml Standard Sewentific Supply Gurp, 33 Weer 4th S New

York 12, N Y. s0 watilactory

+The Bl Line “Fxax,”™ sutemstic, overflow piwet 1o satifactony 1 can be
conected 1o a large Teaenoi bottle and to an overflow bottle This pupet can be
purchased from A 1 Thomas Company, Philadelphus, Fa
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5. Prepare a standard curse as described above by plotting
the T per cent (semilogarithmic paper) values or the D values
(linear paper} on the ordinate and the hemoglobin values in grams
per cent on the abscissa. A straight line is then fitted to the points.
This line should pass through or very near T per cent = 100 or
D=o.

6. To check the standardization from time to time the procedure
can be repeated on a single specimen of blood, Hf the instrument
must be restandardized the entire procedure should be repeated.

7. 1f the analyses are performed by the oxyhemoglobin method,
the dardization should be completed within four hours after
the blood has been withdrawn, since methemoglobin will form on
standing and this pigment is not measured by the oxyhemoglobin
method.

Reagent

Diluent Solution {Drabkn's solution)
Sodium bicarbonate 1.0 Gm.
Potassium cyanide 0,05 Gm.
Potassium ferricyamde 0.20 Gm.
Distilled water to make 1000 ml

The chemicals used should he of reagent grade quality. The solu-
tion should be hept in a brown bottle and should be relatively fresh.
Mare than one month's supply should not he prepared at one time.
The solution is clear and pale yellow in color. If it becomes turbid
it should be discarded.

While the c¢oncentration of cyanide in the diluent solution is
insignificant, the salt stself 1s poisonous and should be handled
only by highly resy ble § 1. If small wnts of cyamde
compounds are accrdentally spilled duning the weighing procedure,
the dry powder should be wiped up first with a dry cloth and then
with a morst cloth, The cloths should be discarded inte a suitable.
elosed container. Cyantde solutions or powder should not be placed
n a sink with acsd The solution may he discarded 10t a «ink
with the water flowing freely. The solid potassium cyanide should
be stored in a Jocked cupboard
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during the sedimentation of the blood corpuscles, for when the
i{:strument stands at an angle of even 3 degrees from the vertical,
significant acceleration (30 per cent) of the sedimentation takes
place.

7. The sedi ion rate i with i ing temy
Ideally, the test should be carried out at constant temperature,
preferably 20 C. However, because the sedimentation rate js only
slightly influenced by temperatures between 22 and 27 C., and
because the test is erude at best, this refinement is usually unneces.
sary. 1f the room temperature Ructuates greatly abose or below
22 to 27 C., or if more accurate sedimentation rates are required,
the temperature should be controlled. This can be done by immer-
sing the tubes in a constant temperature hath. Or, by the use of a
temperature correction chart, the observed rate at given temperature
may be corrected 1o 20 C. {For such a chart see Am. J. M. Sc. 212
207, 1916.)

8. The quantity of corpuscles in suspension influences the
stability of the suspension. When anemia 1s present, sedimentation
velocity will he greater, and when polycythemia is present, it will
be slower than in blood containing a narmal quantity of corpuscles.
It has been the practice in the past to “correct” the sedimentation
rate according to the volume of packed red cells by the use of a
“correction” chart. However, such “correction” charts are fre-
quently misleading. Because of this, and because the sedimentation
rate is of httle importance in patients with anemia, it is of linle
value to “correct™ the sedimentatron rate aceording to the degree
of anemia. It is important, however, to recognize that anemia
per se will cause an increased sedimentation rate. and that palycy-
themia will cause a d 1 rate of sed, t

9. A final note of precaution 1s necessary. It must he recogmzed
that the sedimentation test is subject 1o many errors and 1 a crude
approximation. Balanced clinical judgment is necessary in ite ntere
pretation. When this attribute 1s applied to the values obtained tn
the laboratory, the test may he extremely useful When this attnihute
is lacking, the test is more often msleading than helptul.

REFERENCE

Wivrroer, ST M asp Laxossrne J W 4 standardized trehmique for the biood

sedsmentation test Am J [ Sc 187 102, 19%
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Volume of Packed Red Cells

Technic

1. After the sedimentation test has heen performed the liemato-
cnt is centrifuged for 30 minutes at a relative centrifugal force
(RCF.) of 2260 X gravity. If the sedimentation rate 15 not
desired, the hematocrit may be centrifuged immediately. However,
a more distinct separation of the red cell layer from the leukocytes
and platelets will be obtained if the blood is first allowed to sedument.

2. The volume of packed red cells (V.P.RC.}) may be read
directly from the numbers on the right side of the scale. This scale
js divided into centimeters and millimeters and the Jevel of packed
red cells can be estimated to the nearest one-half mm, The level
at which the packed red corpuscles are found, if multiplied by 10,
will give the volume per 100 ml. of blood, providing the tube was
filled to “10” (which is to the right of the scale and is opposite
the 0 mark at the left of the scale) If the hematocrit is not filled
to “10,” then the volume of packed red cells, as read, 1s divided
by the reading at the memscus made by the blood plasma prior
to centrif or after ifugation 1f the tube has been capped
to avoid evaporation

At the uppermost portion of the packed red cells, immediately
adjacent to the reddish-gray layer of packed white corpuscles, a
narrow black band composed of reduced oxyhemoglobin will be
seen The reading of “volume of packed red cells” is made at the
uppermost portion of the black hne.

Sources of Error

1. Sampling errors (see under “Enumeration of Erythrocytes,”
p 18 and the section on “Obtaiming the Blood Specimen,” p. 10)
These are avoidable errors.

2. The proper type and amount of anticoagulant must be used;
namely, 6 mg. of ammonium oxalate and 4 mg. of potassium oxalate
or 5 mg of Versene per 5 ml. of whale blood (p 12).

3 The hematocnit must be clean and dry.

4 The variation mvolved in the reading of the level by different
observers 1s approximately =0 34 per cent (2 C.V.). Care must
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be taken to avoid misreading the Jevel of packed cells by 5 mm.
This is a common and often unrecognized visual error.

5. There is an error due 1o diflerences in tubes which is approi-
mately +0.79 per cent (=2 C.V.),

6. The total error or variation involved in the determination
of V.P.R.C. {providing the hematocrit js properly centrifuged)
amounts to approximately =1.13 per cent (=2 C.V.}. Compared
with the error involved in most laboratory procedures, clinical or
otherwise, this error is extremely small. By comparison with the
error invohied in enumerating erythrocytes (at least =11 per cent
and frequently %30 per cent) and the error imvolved in the determi-
nation of hemoglobin (at least =2 per cent [photoelectric] and
frequently %15 [Sahlil), it is obvious that this is the most accurate
procedure araable for the detection of anemia or polycythemia
(table 8) And not only is the determination of V.P.R.C. the most
accurate method of the three, but also the simplest and the Jeast time
consuming to perform. Furthermore, many determinations may be
performed simultaneously, and information concerning the sedi-
mentation rate. icterus index and solume of packed leuhocytes
and platelets may be obtained with the expend: of hnle addi-
tional effort, To repeat, in order to emphasize this point sull further,
the determunation of V P.R C 15 the procedure of choice in quanti-
tating the degree of anemua or polycythema. The only indication
for enumerating the erythrocytes 19 when the hematocnt salue 1
abnermal and 1 1s desirable to compute the size of the red cor-
puscles. H the V.P.RC jis normal, under most circumstances, noth-

wng further need be done .

7. Optima) packing of the cells in the hematoent must occur
To insure this 1t 15 necessary that a force of 2260 X grasity he
exerted on the cells i the tube. Tlis force trelatine centrifugal
force or R.C.F. expressed in number of fimt« gravity ) 1« dependent
not only upon the number of re\o!uuom‘prr minute (RPM)
but alo upon the radws (r) as measured in em. from the center

of revolution to the hottom of the hematocrit. This relationahip 3¢
expressed 1 the following formula:

RCE =n B, ¥ opa

From tlus equation, < radia® {r) and the number
ofr revolutions per mi [N centrifugal force
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(RCF.) apphed to the red cells can be calculated for any gisen
centrifuge. Substituting in the formula a R.C.F. of 2260 X gravity,
the equation may be rewritten

AL = ‘/ 202116100
T

and used to determine the number of revolutions per minute
{R.PAL) a given centrifuge with a radial distance of r cm. must
rotate in order to effect optimal packing of the red cells. In actual
practice a tachometer is necessary to determine the R.P.M. The
R.P.M. stated on the face of the zenmiuge canno\ be ncccplcd
Most large lak ies are pped with a

(size 2) centrifuge with an attached tachometer. If two hematoerits

0}

15

Par Cond

a
40 A7 44 46 48 50 52 s2 56 58 60
ml. /100 1al.

Fig 3—Fraquency dutnbution diagram for the volume of pocked red
cells wn 250, presumably healthy, male, second year medicol students

resding in Salt Lake City, Uteh (alntude 4390 feet) The mean value
1 49 m1 /100 ml
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are filled from the same hottle of blood and one is centrifuged for
30 minutes at 3000 R.P.M. {as determined with the tachometer)
in an International (size 2) centrifuge (where r = 225 em. and
R.C.F. = 2260 X gravity) and the second hematocnit centrifuged
in one’s own centrifuge,* the theostat setting on the small centrifuge
which will give the same degree of packing as the hematocrit
centrifuged at 2260 X gravity can then be determined. This should
be checked from time to time, since as a centrifuge is used, its effi-
ciency diminishes. It should be noted that prolonging the time of
centrifugation beyond 30 minutes will not cause greater packing
and consequently time cannot be used as a substitute for force

(R.C.F.).

REFERENCE
Wintross, M. M. A simple and accurate hemstocnit, J. Lab & Cha. Med 15-
287, 1929,

Yolume of Packed White Cells and Platelets

Above the deep red layer of packed red corpuscles in the hemato-
erit, a reddish-gray layer of packed leukocytes and platelets is
found. When the platelets are more numerous than usual, and some-
times even when they are present in normal numbers, it is possible
to distinguish two portions in the layer ahove the red corpuscles.
Uppermost will be found a cream-colored layer which conuisls
practically entirely of platelets. The reddish-gray layer below thrs
consists almost entirely of leukocytes. Separation of the corpuscles
into layers is aided by a period of sedimentation preceding centri-
fugation.

The thickness of the layer above the pached red corpuscles
depends on a number of factors; namely, the number of Jeukorytes,
the kind of leukocytes, and the quantity of platelets, Since lympho-
cytes are smaller than the cells of the myeloid serics, when there

«The Clay Adams angle bead, table model eentrifuge €T 1002, 4s relaneely
inespensive and 1s suitable for this purpose
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is relative lymphocytosis the layer will be narrower for a given
quantity of corpuscles than when the myeloid leukocytes predomi-
nate, If the platelets are reduced in number the layer is correspond-
ingly narrower. In cases of leukopenia, and particularly when this
is accompanied by thrombocytopenia, the layer of corpuscles above
the red cells is barely perceptible. On the other hand, in cases of
leukemia with marked leukocytosis, this layer may be even as
great as the volume of packed red cells,

When the platelet count is approximately normal, the thickness
of this reddish-gray layer may be used as a rough index of the
leukocyte count. In normal bloed this Jayer measures 0.5 to 1 mm,
in thickness and each 0 1 mm, correspends approximately to 1000
leukoeytes/mm ® When leukocytosis is marked, relatively more
packing of leukocytes tends 1o oceur than in normal bloed and 0.3
mm corresponds more nearly to 2000 leukocytes per mm.® than
to 1000,

Measurement of the corpuscular layer above the layer of packed
red cells is not ded as an ive to leukocyte or
platelet counts. However, 1t is evident that this can serve as a
useful rough guide and 13 important in routine studies in calling
attention to marked alterations in the numbers of these corpuscles.

REFERENCE

Wintrotr, M M- Macroscopie examination of the blood. Am J M Se. 185:
58, 1933

Determination of Icterus Index

Technic

The yellow color of the plasma, as seen in the hematocrit after
it has been centrifuged, is compared wath that of a series of standard
potassium dichromate solutions placed in tubes of glass of the
same thick and bore as the | it. The resulls are expressed
in umits One unit 18 defined as the color of an aqueous solution
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of potassium dichromate containing 0.01 Gm. per 100 ml. Tubes
corresponding to 1, 3, 5, 7.5, 10, 25, 50 and 108 units are customary.

Comment

The icterus index is a useful, simple, and rapid test for semi.
quantitatively estimating the bilirubin content of the plasma. When
the icterus index is normal, it can be assumed that there is no
increase in the bilirubin content of the plasma, In the range of
5 to 25 units each unit is roughly equivalent to 0.1 mg. of bilirubin.
In the range of 25 to 50 units this quantitation is less reliable, and
in the range from 50 to 100 units it ceases to be even semiquantita-
tive. But if the icterus index is in this high range, it can be assumed
that the bilirubin level is markedly elevated. If more accurate infor-
mation is desired, a quantitative bilirubin estimation should be per-
formed (p. 217).

Other than the fact that the test is only semiquantitative, there
are several other limitations, If the blood is hemolyzed or lipemic,
the jcterus index cannot be read. The test is not specific for bilirubin
itself since yellow color of the plasma may be produced by carotene
and other xanthochromic pigments and by certain drugs such as
atabrine, chlorpromazine and dinitrophencl. Hounever, the occur-
rence of these interfering substances is rare.

REFERENCE

Wivtrosz, M M, Macroscopic exammnation of the blood Am | M Se 185
58, 1933,

Calculation of Corpuscular Constants

Technic

1. The mean corpuscular rolume (M C.V ) is the volume of
the average RB.C. of a given sample of blood and 14 determined
by dividing the volume of packed red eella 1V.PR.C), expreseed



CALCULATION OF CORPUSCULAR CONSTANTS 45

in ml. per 1000 ml. of blood, by the red cell count (RB.C.),
expressed in milfions.
V.P.R.C. (ml./1000 ml. blood)
R.B.C. (10°/mm.)
Example: A given blood contains 5.1 X 10*/mm.! R.B.C. and

1 6 ml /100 ml. packed R.B.C.
Then,

MCV.in g =

416
MCY. = 20 = g7
5.1 *

2, The mean corpuscular hemoglobin (M.C.H.) is the amount
of hemoglobin, by weight, in the average R.B C. of the sample of
blood. It 15 determined by dividing the hemoglobin (Hb) of the
blood, expressed in grams per 1000 ml. of blood, by the R.B.C..
expressed in millions.

Hb. (Gm./1000 ml. blood)
R.B.C. (10°/mm.?)

Example. RBC. 5.1 X 10°/mm?; Hb. 15 2 Gm./100 ml
Then,

MCH. 1 gy =

2

MCH. = % = 30 micromicrograms (ppg.).

3 The mean corpuscular hemoglobin concentration (M.C.H.C.)
13 the proportion of hemoglobin {weight/volume) contained in
the average red cell of the sample of blood. It is determined by
dividing the hemoglobin, expressed in grams per 100 ml, by the
volume of packed red cells, expressed in ml. per 100 ml, and multi-
plying the result by 100.

MCHC. 1 % = Hb. (Gm /100 ml. bleod)
V.P.R.C. {ml./100 ml, blood)

Example: Hb 152 Gm /100 ml,, VP R.C. 41.6 ml /100 ml,
Then,

X 100

152
MCHC. = — X = 31%.
KTy 100 = 31%
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Comments

The accuracy of students determining the corpuscular constants
for the sixth time in their experience is recorded in table 11, There
were 50 students in each class. The erythrocytes were enumerated
by the method described on p. 15, Hemoglobin determinations were
performed by the Sahli method (p. 23). A “correction factor”
was used for those hemoglobinometers with a “correction factor”
greater than = 10 per cent. The value for the volume of pached

Tasle IL—~Vanenon in the Corpusculer Constants us Determined by Students

Class  Mean Range 25D 2CV.
%
Mean . 1 92 79~107 122 132
Corpuscular . )
Volume 2 % 81--123 154 182
” 3 9 83110 12 s
Mean 1 30 25— 35 18 160
Corpusenlar 51
Hemoglobis 2 3 28— 4 52 !
pug. 3 31 21— 37 50 162
Mean 109
Corpuscular 1 3 29— 3% 36
Hemoglobin 2 F5 32— 37 36 103
Concentration 2

o 3 32 30— 36 36 12
2

SD. refers to standard deviation
CV refers 0 coeflicient of variation

red cells was given to each class and was not determned by -
dnndual students.

The sariation in the corpuscular constants performed by {hrtr
expenienced technicians 1s shown in table 12 I:ncI{ technician
determmed the constants four imes on the same <pecimen blood.
The counts were performed with different ppets and dmml»er!r.
Hemoglolin was determined as cyanmethemoglobm by the use o
an Faelyn photometer. .

It must be pomnted out that if the red cell count, hemoglobin,
and volume of packed red cells are not determined exactly at
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Tase 12—~The decuracy of the Corpuscular Constants a3 Determined by
Labaratory Techniciany
Determination Mean Range 25D 2CV.

%

1t Count,

e 54 48648 09t 173
Memoglobin, Gm 5 156 151159 0% 23
Mean Corpuscalar
Volume & 92 77103 156 169
Mean Corpuscular N
Hemoglobin upg 2 24— 3 1% 61
Mean Corpuscular
Hemoglobn Concen- 3 3~ 32 108 34

tration §6

"Technician A, 483 —521; techmaeizn B, 523 —552; technician C, 573 — 645

desenbed, the corpuscular constants will be worthless and mislead-
ng. Even when these precautions are taken it is aliays necessary
to check the appearance of the erythrocytes in the stawned film

against the values for the corpuscular constants

When computed from reliable data and checked against the
blood smear, the corpuscular constants are extremely useful
clinjcally. From them a morphologic classification has been devised
which 15 not only of assistance diagnostically but also gives im-
portant guidance concerning therapy {(table 13).

Taste 13—Morphologic Classification of Anemta®

Macrocytic

Normocytie

Simple mierocytic
Microcytic hypochromic

MCV MCH
Type of Ancama - e
94— 160 32--50
82— 92 21-31
72— 80 21—-24
50— 80 12—-29

“Fsom Winteohe, Clincal Hematology,

Febiger. 1956

MCHC

k3

32—36
32—36
30--36
24--30

4th edon, Thladelphia, Lea and
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REFERENCE

Wiviross, M. M.: The size and hemoglolun content of the enythrocyte. J. Lab

& Chn, Med. 17: 899, 1932,

TasLe M -—Normal Erythrocyte and Platelet Folues®

Determination ! Sex ’ Mean | Range
{ !
Redt blood cells, X 10%/mm*® | Mate i 53 | 46062
Female 48 | $2-514
Hemnglolun, Cm % Male 1 1B—1
Female | I# ' 1216
Volume packed red cells, ml /100 ml Male 7| sw0—51
Female | 42 | 37—
Mean corpu-cular volume, 5 | Both o | min
Mean corpuscular hemoglobmn, sug | Doth 2 w8
Mean corpuscular hemoglobin concentration, ¢4 | Both 1 38, 32—36
Reticulocytes, 55 Buh 10 0515
Erythrocyte sedimentation rate, mm /hr , Male H } o—10
Female | 10 01
Icterus index units Boh 575
Buth 250 20030

Platelets, X 10/mm*

Normal rylhmrm Falues for Salt Leke Cityt

Red bloud cells, X 10%mm®
Hemoglobin, Gm %
Volume packed red vells, ml /100 mf
T devel

1 \lutude 4390 feet

Tams 15 The Macrocvne Anemias

A. Megalohlsstic macrocytic ancmiss

L Peraicious anemta ¢Scandinavia, Fngland {1 %)
2 Sprue, shiopathic efestorthea (W W

T
1 \ale

! Female
Male
© Female
Male
Female

I ss
'os2
17
15
EY
15

46 -63
41 -58
15 -1
13 -1
5
39 48

3 Nontropical nutritionz! macrocytic anemia (Southrastern U 51
4 Intestinal stractures, blind segments, resections, ¢t
5. Diphyllobothnium latum infestanion t}inlandy
6 Megaloblastic anemia of infancy (1 %, laly) ¢

W W
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7. Tropical macrocytic anerma {india)

8 Mepaloblactie anemia of pregnancy (W. W4
9 Refractory megasloblastic anemia (Scotland)
10 Achrestic snemia {England)

B Nonmegaloblasue macrocylic anemias
1 Reticulocytosis from any cause such as posthemorthagic anemsa, hemoly-
e anemias
2 Liver diseaset
3 Hypothyronism?
4 Aplacuc anemat
S, Scurvyt

* Pernicious aneana 1s distinguiched from the other conditinns listed in that
achlothydria 15 always present and meurolngsc changes may occur.

tThe anemuia may be normocytic rather than macrocytic.

The geographic distribution given refers 10 the regions where the sncidence
15 hagh or where cases have Leen reported W W sefers 1o world wide,

The first five conditions listed under “A” respond hematologically to either
vitamin By or folic acid Conditions 6 and 7 respond to folic acid but & few
onding to sitammn B, have been reported The last three diceases hated
" respond to folic seid but not to vitamin B,

NB In practice, the most common cause of “macrocytic snemua™ 1s laboratary
error, and this 1s most often due to crrors in red cell counting

TaBLE 16 ~The Aormocytic Anemuas

A Posthemorthogic anemia
1, Tnjury of large vessels
2 Coagulation defert
3 Platelet deficrency
4 Abnormahty an blood vescels

B Hemolytic anemia {see table 41}
1 Tntracorpuscular {Hereditary)
2 Extracorpuscular (Acquired)

C Hypoplastic anema
1 Idiopathic
2 Secondary

D Associated with chronie disesse
1 Renal disease
2 fnfections
3 Malimancy
4 Liner disease

5 Hypothyrosdism

6 Collagen disorders
7. Rheumatod arthritis
8. Rheumanic fever
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E Ascociated with bone marrow imaston by
1 Metastatic carctnoma 4 Multiple myeloma
2 Leukemia 5 Myelosclerosis and fihrosie
3. Lymphoma 6. Marble bone diease
F. Aseociated with splenontegaly
). Jdiopathic 8. Syphilis
2. Tuberculoas 9 Lymphoma
3 Malana 10 Feltv's Syndrome
4 Kala Azar 11 Amvloidears
5 Sarcordosis 12. Gaucher's disease
6 Collagen disorders 13 Liver diceace

Obstruction of the splepic yein

G. As<ocizted with pregnancy

TasLe 17.—Simple Vicrocytie Anepna®

A Chronic mflammatary diseases
1 Lung abecess
2. Empyema

3 Bronchiectasis

4, Subacute bacterial endocarditis
5 Pelvic ;mflammatory dreeaves

6 Chronic osteomyehitis.

7 Tuberculosts

8 Brucellous

9 Memngococeemia

10 Cellubitis

11 Chromie fungus nfections

12 Arthnts

13 Rhewmane fever

B Chronte nomnBammatory diseases
1 Plumbism
2. Malignancy
3. Endocrine drsorders { by poadrenaltsm bypmpitugtaryem
1 Herrditary sphrrocytoais
5 Hemoglobinopathies (Il €. 1. F diceaces)

" o The anemia asociated with all of the conditions listed 13 frequently normwe-

eytic rathes than microcytic

Tasir 18 - Vicrooyne Hypochromic Anemua

A lron deficiency ancmia

B Hemoglobnopathies twee table 431
I Hemoglobim €. disease
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2. Hemoglobin D dusease
3 Thalassemsa and Thalaseme syndromes

Tavrz 19 —Causes of Pancytopenia

A Mypoplastic (aplastic) anemia
B Alevkemic leulemia
C. Pernicious anemia

D. Discases associated with bone marrow invarion (myelophthusic anemia)
1 Metactatic carcinoma
2. Lympboma
3 Multiple myeloma
4, Myelowclerous and fibrosis
5 Marble bone disease

E. Diceases imolving the spleen
1 Idiopathic
2 Tubercnlosis
3 Malama
4 Kala Azar
5. Sareoudosis
6. Collagen disorders
7 Obstruction of the splentc vein
8 Syphibs
9 Lymphoma
10 Felty's syndrome
1 Amyloidosss
12 Gaucher's duease
13 Luver disease

Enumeration of Reticulocytes

Technic

L. One drop of blood and two drops of a saline solution of
brilliant cresyl blue are placed on a clean glass slide and mixed for
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about 15 seconds with a tooth pick, wooden applicater, or the corner
of a cover glass. A clean cover glass is then inverted onto the slide
and gentle pressure is exerted on the cover glass with a piece of
filter paper to make a thin preparation which is then sealed with
vaseline.

2. After the preparation has stood for five to ten minutes, the
proportion of reticulated red cells to total red cells is determined.

Comments

1. The above technic is the simplest method for enumerating
reticulocytes and is as satisfactory as any other method which has
been described.

2. As an alternative procedure an equal volume of blood and
a saline solution of brilliant cresyl blue may be allowed to stand
in a test tube for about 15 minutes. A wet preparation may then
be made as described above or smears may be pulled in the ueual
fashion {p. 69), allowed to dry, and counterstained with Wright's
stamn.

3. It is essential that the smears be thin and the red cells evenly
distributed. There should be no overlapping, clumping, rouleau
formation, or crenation of the red cells.

4. Stain precipitated on red cells should not be confused with
reticulocytes.

Tasre 20 —¥'ariation 1n the Reticulocyte faum as l‘n/urmnl by Students

Class Mean Rnnge zsn 2 C\'
%

1 47 30—-61 178 8

2 50 20--82 316 012

3 2 1360 236 718

“ED relfers to standard deviaion
CV relers to corflicrent of vanation

but the

5. Crenation of the red cells may cause confusion,
brilliant

spine-like projections, although refractile, do not stain with

cresyl blue.
6. When reticulocyte counts are made on the same preparation
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by different observers the variations are great indeed. Repeated
reticulocyte counts by the same observer on the same specimen
of blaod vary less. Therefore, it is recommended that one abserser
make all of the counts on nny one patient.

7. The accuracy of students performing a reticulocyte count for
the third time in their experience s illustrated in table 20. There
were 50 students in each class, The “wet™ method descriled above
was used
DY oo ~ -

H
2 O

an

B. A. T a7 3 -4

Fig d—Retuvlocyies (x 900) A Staned with brilliant erasyl blus snd

counterstomed with Wright's stan B Wet preporanon, stomed with
Brilliont erasy) bve,
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Interpretation

1. In the wet preparations the reticulum of the red cells, the
nuclei of the white cells, and the platelets are stained blue (fig. b).
In the preparations counterstained with Wright's stain the reticulum
appears blue and the cells otherwise stain as they nsually do with
Wright’s stain (fig, 4a).

2. Al red cells that contain reticulum are counted as reticu-
locytes. In “old” reticulocytes, only a few hlue granules or scattered
threads may be found, Such cells should be counted as reticulocytes.

3. The proportion of reticulated red cells to tatal red cells is
determined by exarumng consecutive fields of the smear under oi
immersion. The counting is greatly facilitated by placing into the
ocular of the microscope @ sereen of suff paper, in the center of
which a hole has been cul. In this nay the size of the field is reduced.

4. The greater the number of total cells examined, the higher
the accuracy of the count. The percentage of reticulocytes in 500
1o 1000 cells is usunlly determined.

Reagent
Rrilliant Cresyl Blue (Saline solunion)
Brilliant cresyl blue 10 Gm.
Sodium estrate 8.1 Gm
Saline (0.85 per cent) to make 100 mi
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3. Draw the diluting fluid (Rees-Ecker) to the 101 mark.

4. Shake the pipet for 5 minutes.”

5, Expel and dnscard lhe first 4 drops from the pipet.

6. Load both 5 bers of the |

7. Allow the preparation to stand in a moist chambcr for 15
minutes. An inverted Petri dish with a piece of wet filter paper
in the top makes a satisfactory chamber.

8. Under high power with the light partially cut down, count
the platelets in the finely ruled center area of each chamber.

To identfy the platelets, use should be made of the fine adjust-
ment of the microscope in order to obtain the critical focus that
reveals the ch istic, highly refractile, silvery app of
the platelets. They are lilac-colored, oneseventh lo onehalf the
diameter of the red corpuscles, usually oval, rod or comma-shaped.
They may be seen singly or in groups. It is important to distinguish
platelets from globules of oil, irregularly shaped debris floating
on the upper layers of the fluid, strm"s of cocci, and tiny o:ly
particles adhering to the

Precautions and Sources of Error

1. Numerous methods have been devised for counting platelets,
No method 1s entirely satisfactory including the one outlined above,
Thls is to be expected because platelets a"glulmate, fragment, and

readily. Furit because of their small size,
platelets are not easily differentiated from particles of stain, debris,
and fat. The accuracy of students performing a platelet count for
the third time in their experience 1s shown in table 21. There were
50 students in each class, The method described above was used.
Even with greater experience, the error of the methed is about %40
per cent (2 C.V.). For this reason, the value obtained always should
be cheched by making a survey of the blood smear to determine
whether the number of platelets is wncreased, normal, or decreased
by comparsson with lhe normal blood smear

P .

g errol p errors, technical errors, and the
“error of dxsmbuhon of the cells in the chamber” which apply

to the enumeration of erythrocytes also apply to platelet counting,

*A pipet rotor such as the Bryan-Garrey (A S, Aloe Co, St Lous, Mo) may
be used
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ark. The needle is then withdrawn from the vein and the blood
ontained 1n it aspirated into the syringe, The needle is removed,
e diluted blood in the syringe thoroughly mixed and expelled
ato a collecting bottle. It is important to use a syringe with a
nugly fittng plunger and needle. A final dilution of blood of 1/200
s then made by drawing this mixture to the 1.0 mark in the .B C.
ipet and suhsequently filling it 1o the 10 mark with the diluent.

“aleulation

Each finely ruled center square is 1 x 1 x 0.1 mm.; consequently
he number of platelets in a total volume of 0.2 mm.” is counted.
Fo obtain the number in one mm * of blood, the number of platelets
counted is multiplied by 5 X 200 (dilution factor), or by a factor
sf 1000 The count is reported to 3 significant figures,

Reagent

N
Rees-Echer Diduting Flnd
Sodwum cttrate 3.8 Gm.
Brilhant cresyl blue 0.05 Gm,
VNeutral formaldehyde (38 per cent US.P.} 022 m!
Distilled water to make 100 ml, -
Falter and centrifuge {2500 r.p m. for 30 minutes).
Store stock solution in a refrigerator in a well stoppered bottle,
Filter an ahquot immediately before use,
For best results this solution should not be more than one week
old.

Brecher-Cronkite Method

Technic
1 Insert a 20 gauge needle, with a syringe attached, into the
vem After a sutable volume of blood has been drawn nto the

syringe for other tests (V PR C. etc.), remove the syringe, leaving
the needle mn place,






BRFCHER-CRONVKITE MFTHOD 61

2. The phase condenser produces a hollow cone of Iight, and
the vertex of the cone must he in the plane of the microscope shde.
Therefore, the position of the d is critical. Preliminary
adjustment of the condenser setting is readily accomplished by
placing a piece of lens paper on the counting chamtber. As the con-
denser is moved up and down, the area illuminated by the condenser
changes from a ring to a small dot and again to a ring. The smallest
dot that can be produced represents the optimal height of the
condenser.

3 The phase effect is produced when the inmage of the annular
diaphragm of the d and the ring-shaped phase plate of
the objective lie over one another. To insure this, the condenser
must be centered while viewing the images of the annular diaphragm
and of the phase plate through a telescopic eyepiece supplied by
the manufacturer. This is difficult for the unimtiated to carry out
because of confusing diffraction patterns that appear in the tele-
scopic eyepiece, The difficulty can be readily overcome if the follow-
ing procedure is used. afler proper focusing and centering of light
source, an empty counting chamber is put on the stage and the
condenser, with a 43« annulus in place, is adjusted as described
abose. Using an ordinary 43« ebjective, the mirror is adjusted
to give optimal sllumination and the microscope is focused on the
lines of the chamber. One eyepiece is then replaced by the special
telescopic eyeprece. When the eyeptece is focused, a white ring is
seen that represents the image of the condenser annulus. The next
step is to remove the 43x annulus from the condenser (or to turn
the condenser to zero position, depending on the make of the
equipment}, and to change to the 43« phase objective. A black
ring will now be seen, representing the phase plate. Thts black
ring 15 approximately the size of and in the posttion of the white
ring seen before Having visualized the images of the condenser
annulus and the phase plate, 1t is now easy to superimpose them
by centering the condenser with the 43x annulus again in place.
Since the black ring is slightly Jarger, a fine black concentric ring
(po crescent) remains at the mner aspect of the white ring when
the condenser 15 properly centered. Moving the condenser down
giies a red color to the white ring; moving 1t up produces a
blue color. In optimal position the ring 1s white. Moving the mirror
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makes the ring gray instead of white. The ring must be uniformly
white,

Reagent

Duuting Fiuid
Ammonium oxalate 1.0 Gm,
Distilled water to make 100 ml.
This solution should be stored in the refrigerator and filtered

before use.

REFERENCES

1. Bazcuer, G. asp CrosWITE, E P Morphology and enumeration of blond
platelets J Appl Physiol 3+ 365, 1930
—, ScusEErvAN, M, AN Crovwite, E P The reproducibality and constan
cy of the platelet count. Am J Chn Path 23. 15, 1953

Tastr 2—Classfication of Thrombocytopente Purpura®

A Pnmary (Idiopathici

B Secondary
1 Chemmcal svegetable, ammal and physical agents
& Cheoneal

1) Myelosppresne agents— Nitrogen mustards, TFVL, Viyleran, uer

thane, anh metabolites, hensol
2) Orgamic arsenicals, sulfonamides, Sedormed. quimidine, quinme, gokd
salts, oxytetracychne, streptomycn, parsammossheyhe sud, phenyh
butazone, anupvrine, trdione, meparfynol, thioure, dinitrophensl,
digitoxin, mercuriale, 1odide, biomuth ergot, organse har dyes

estrogens, etc

b, Vegetsble foods, ormis suo)

© Amimal snake yenoma pertusss vacone

d Phymcal ionmng radistion, extensive burns, hear stroke
2 Blood diorders

a Leukermas® acute, late stages of chronic

b Anemas. hypoplastic. myelophthisic, pernicious anemia

¢ Splenic disorders itable 17y

d Thrombotic thrombocytnpense purpurz
3 Infections  septrcemis. subacute bactenial endocardins, typh

raccme

. measles,

hra, Lea

T e\ldified from Wintrobe, €hinseal Hematologs $th edition Philadely
and Fediger, 19%
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Fig 6-—deukocyte count The group of 16 squores shown It one of
the cotner squores of the mine forge tquares of the chomber The

accumulative caunt s as follows

21
+
3

v

—

4 o b -

17 e~ M« N

U — 24 > 28

35 - 30 ~ 20

leukocytes m § large squares of only one chamber This procedure
saves Dittle time and 1s le<s desirable since the error is +20 per

cent (2C.V),
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The accuracy of <tudents performmg a Jeukocyte count for the
fifth tume in their expenence is shown in table 23, There were 30
students in each class, The method recormmended above was used,

Tanis 23— anianon sn he Leakueyte Couat as Performed by Students

Class Mean Rangn 250 2cv
x10Ymm* x10%/mm® so

0T T e 20562 14 252
2 97 73130 26 28

3 323 19.3——550 158 438

“D seters w numhrd druahnn‘
TV refers 1o coeficient of varmtion

Calculation

The volume of diluted blood contained 1 one large square {1x 1
3 01 mm.) is 0.1 mm.> The general formula for the caleulation of
the Jeukocyte count is

No. of cells counted X dilution X 10

b el =2 No. 1 A
No, of Yarge squares countedt No. of cells mm

The dilution in the white cell pipet s 1. 20 when blood 1s drawn
to the 0.5 mark. Therefore, when 8 large squares are counted, the
sum of the numbers of cells eounted 1s simply multiphed by 25
to gave the number of leukocytes in 1 mm ® of blood.

H the total leukecyte count 1s below 2500/mm *, blood 15 drawn
to the 10 mark instead of to the 0.5 mark and diluted to the 11
mark. thus producing a dilution of 1. 10 1nstead of 1/20. The
sum of the numbers of cells counted in 8 large squares 1s then
multiphed by 125 mstead of 25.

{f the feukocyte count 18 markedly elevated, as in many patients
with leukemta, 2 dilution of 1 100 or 1/200 is made in the red
cell pipet The sum of cells counted mn 8 large squares is then multi-
phied by 125 or 250, respectively

The dilution fluid used in countmg leukocy(es produces hemolysis
of all of the d d red cells are not
destroyed and will be mcluded m the leukoeyte count If their
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number is great they should be subtracted from the leuhocyte count.

This can be done by determining the number of nucleated red

blood cells (N.R.B.C.) per 100 leukocytcs in the hlood smear. Then,
No. of N.R.B.C.

100 -+ No. of N.R.B.C.

Leukocyte Count — Y == Adjusted Leuhocyte Count

X Leukocyte Count = Y

For example, if the total “levkocyte” count is 7000 per mm.* and
in the blood smear there are 10 nucleated red cells per 100 leuko-
cytes, then the adjusted count is
‘J-— X 7000 = 637
100 +30 © 0 T
7000 — 637 = 6363 'mm.?

Reagent

Turk’s Diluting Flud
Glactal acetic acid 3 mi
Gentian violet 1 m).
Distilled water to make 100 ml

Enumeration of the Absolute Number
of Eosinophils

Technic

1. Draw blood to the 1.0 mark 1n the white cell pipet with great
accuracy

2. Wipe off blood adhering to the outarde of the pipet

3. Drow the ecuinoplul diluting fhnd to point 11 with great
accuracy

1 Repeat the above procedure with a second pipet.
5 Shake the pipets for 2 nunutes
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Expey and d, scard the first 4 drops from each Pipet,
e P

el 1i L 5
- Alloy, 15 Minuteg g, Proper lysis and staim'ng. The chambe,
shoulq be Covere dun'ng this Period with an inverteq Pety; dish

Comrnenls

L E lher “apillary s bloog may be <ed, I[ the laytey ; is
sed, i, snophlls 5hould be CNUmerateq mth 4 hoyrg after
the bIood ha R dray,
smuphlls sh uld pe ume rated within 3 hoyrg after
the blo d s bee, «Mured Alloy ng the €ostnophyls stain fo,
@ longar pcnod of time Tesults in 5 dtc)ine n th m,

All of e Suggestions and pxccauuons Concey, ng p:pehnw
shakp > filling the chambcrs, and Countipg w’uch ly to lh
enumeralmn of erythr()cylcs also apply 1 the CNUumeray, of eosing,.

-Ley osinophil ounnng
Squareg aranged 1n tw honzonlal
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rows of 5 each, with each square bordered by triple lines and sub-
divided by single lines into sivteen small squares. The Speirs-Levy
counting chamber is 0.2 mm, deep, as in the Fuchs-Rosenthal cham-
ber, and four such chambers are provided on each hemocytometer.
Since the accuracy of the count is proportional to the square root
of the number of cells counted, the Fuchs-Rosenthal or Speirs-Levy
chamber is preferred to the standard Neubauer chamber. For
example, when 2 pipets are used and all of the eosinophils in the
4 Speirs-Levy chambers are counted, the inherent error in the count,
expressed as 2 C.V. 1s approvimately 18 per cent when the level
of cosinophils in the blood is 175 mm.*

Caleulation

1. When all of the eosinophils are counted in two Neubauer
chambers and the mitial dilution is 1 to 10,

o. of eosmophils counted X 10
18

= Eosinophils mm *

2. When all of the cosinophils are counted 1n two Fuchs-Rosen-
that chambers and the initial dilution is 1 to 10,
No. of Qamt)ph]ls counted X 10
6.4
3. When all of the costopluls are counted in four Speir«Levy
chambers and the mitial dilution 15 1 to 10,

= Fosmoplils mm

N < X 10
ﬁo.ro[co inophils counted X ] = Eounophile mm
8
Reagent
Eosinophil Diluting Flutd 1 Pilol's Soluton)

Propylene glycol 50 ml.
Distilled water 10 ml
Phloxine 11 per cent aqueons stock solatrond 10 n‘ﬂ. )
Sodium carbonate 110 per cent aqueous stock solution 1 ml
Heparin sodium 100 units
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Carefy} mensllremcn( of the Sodiyy, Carhonae is neccswary. Filiep
nd Leep, in a uell-c(oppere(l bottle, y,. ixture Temaing stahle
nd usenp,p, for ay Teast gng onth af o, te) Perature, oy, Propy.
ene glyeol enders the erythrocyles invisible; the sodium Carhonage
Yses ap ley, Ocyies EXCept qhe rosino))hils; the plllou'nc Staing
Eosinop)y,f Eranyleg red; qpe bepariy, Preventg cIumpmg of the
leulocy!cs.

REFERENCES
1 Mackugpyy, Tew,., o, ¢ oy Eounoptyy Ounting, o modificy
10 of Pyjops, "ethod By ey 72 ngy 1951

2 Brar, x Asp Ssveren, 3y ‘Miation 204 errar 1y ®osnoph,) ©ounts 5f
bloog and hop, marroy, Bload ¢ 95,

3 Seirng, Rs An Mproveq Eosinnph,y counting shde § Lab ¢ Chn Med
19 963, los2

The Bloog Smega,

Technic
Ptepararion of Glasswa(e: A go e of o,
Blasswgro 'S essentyg), The 8lassuape must be g, in, od i
o

2 o
Ot spreaq N concaye T Conyey Surfaces The Cover 8laseeg shouly
be 29 MM Square and 0 13, [ - thiek ¢

to
istilleq Water
€r ceny alcohg],
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Preparation of Smears (Cover-Glass Method) (figure 7):

1. Pick up a cover glass by two adjacent corners between the
thumb and the index finger of the right hand. This leaves the left
hand free to regulate the size of the drop to be picked up.

2. The cover glass is held just over a freshly drawn drop of
capillary blood. Allow the blood to reach the cover glass by capillary
attraction. Touching the skin with the cover glass must be carefully
avoided. The drop should be abont 2 to 3 mm. in diameter.

3. Pick up a second cover glass with the left hand and hold by
two adjacent corners hetween the thumb and the index finger.

4. Gently place the cover glass held in the right hand over the
cover glass in the left hand in such a manner that the two supee-
imposed cover glasses form an octagon, If the glassware 14 clean,
the blood will spread quickly and evenly between the two surfaces.

5. The protruding corner of the cover glass on top is grasped
between the thumb and index finger of the nght hand. A moment is

g 7.—The preparaton of blood ameart by the taverglaw method

altowed for the spreading to ocour and just belore 1t t« completed,
the two cover glasees are separated by a rapid but steady, absolutely
horizontal, lateral pull. f the cover glasses are not drawn 1
strctly horizontal direction, an even distrhution of celle will not
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resuft, Care must afsq be taken g, avoid 5 Squeesin; Pressyre

Ctween g tho Blasses, Excessi\-e delay 1 Separating the cove;.
Glasses W regyy m ] otting, and 1wl e d hfficul fo puly
€M apart, It cient time ! alloweq eading, the
Smear wiif o, mall are, d be 100 thick, 1, '€ operation
a3 been carry ceesslully, the SPread wilf y, mooth and

Ver) WPping,
t leagt g Such areyg {ow Power constitute t,q Minymgy Tequire,
6 Place the Preparayg,o (smeay side up) on cleay Paper anq
alloy g, te dry r

€ars shouly Augys 4, made from copillary, blood o, from

/re.t/zly drawn 4, nOUs B wlhich p %% ilan, has been
add, Phology of th leukocytes 'S consider, hly distorteq
Y anticoag,) s and yd,, fication of these cell: tremely
1fiicu)y 70US blagd used, alf ,, Severa] drops of bl
Ischargeq f, Syfinge yoeo the b, Maining the anty.
©0agulant With g Syringe j, Vertical pog; . pressure is
'Pplied o, the }, Trel ung, @ smaly rop 00d ey €5 from
the up cover glagg . then pe} Just oyer g, ip. T smear,
should b wath few p, s

Paration Tight's Stain Tighty Stain

Pre, in: A solution of
Certified by the Commxssion on Stammg Mmay he Purchaseq and

Nationa; Antling I Powdereg lorm, certified
by the Com, 1ssion gp S!ammg. ™ay also he Purchaseq A solutiop
ith

'8 prepareq by grindmg 0.1 G, of Powder @ few of
absolyte Metlyl glcon ! > ACetone.freq and chcm:cally bure)
I a mopy, Iy the 4} > 2 few pp Me. until 6o
ml of g, hol hay e been dded, 4, thoroygp) This Process
shoulg fr 30 fes AY o 80 m,

selutrop Possiple How ¢ d one 14 ¥S. Filtey befor,

Use Al 8lassy are ised Preparape,, a TaZe of the
dye Solutrop, 54 olute], dry t b st |,

well Sloppereq v Vaporatygy and 1o Preveny T Vapor
from pey, p Hcohol

18h)
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Preparation of Wright's Stain Buffer (pH 6.4)

Primary ( basic) | i phospl (KH.PQ.), an.
hydrous 6.63 Gm.

Secondary (dibasic) sodium phosphate (Na;HP'O,), anhydrous
2.56 Gm.

Distilled water to make 1 liter,

i a more alkaline bufler is desired (pH 6.7) it may be prepared
as above but with 5.13 Gm. of nnhydrous primary potassium phos-
phate and -112 Gm. of anhydrous secondary sodium phosphate.

Staining of Smears:

1. Place the air-dried blood film with the smeared side upwards
on a support (an inverted cork fived by means of paraffin to the
bottom of a pan) from which it can readily be piched up.

2, Cover the smear completely with Wright's stain, and allow
the stan to remain on the smear for 2 minutes. This procedure fises
the smear.

3 Add an equal volume of buffer and to obtain miving Mo
gently on the surface to set up slow currents. Allow to stand for 3
minutes. A greenish metallie scum should appear and the marging
should show a reddish tint. In adding the buffer, care should be
taken that the solution does not run over the edges of the cover
glass. 1t should be noted that each fresh batch of stam requires 8
new formula for stain and bufler combination, In general, cqual
numbers of drops are used. However, it may be necessary to alter
the relative amount of stain and bufler and the ume of staining
in order to ohtain satsfactory preparations.

1. Float off, rather than wash off, the scum with a stream of
water (preferably distilled) aimed on an angle at one corner of the
cover glass. The stream is fiest run very slowly and then more
briskly, so as to free the smear from all traces of excess atam Al
this ime the cover glass must remam absolutely honzontal Wash-
ing should take from 5 to 10 seconds. If a stream of water Irom
an overhead water bottle 1 not available, a dropper may be used
to float off the scum, the cover glass then placed on an angle, and
the smear washed by forcing a jet of water agamnst at

5. After washing is completed, the cover glass 13 tilted and the
lower edge touched to a blotter so that the excess water 14 quickly

T

drained off.
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6. Dry the smear by placing against some support and |elli|:1g
one edge rest on a blotter, or dry hy waving it gently in the air,
touching only the edge of the cover glass.

7. Remove the stain on the back of the preparation hy gentle
rubbing with gauze moistened with alcohol

8. Mount the cover glass, stained side down, onto a slide hy
means of neutral Canada Balsam. Enough mounting fluid should
he used to spread completely under the cover glass so as to avoid
air pockets

Comments

1. In a good stan, the film will appear pink 1o the naked eye;
mucroscopieally the erythrocytes will be pink rather than lemon-
yellow or red, the nuclei of the leukocytes purphish blue, neutrophilic
granules violet-pink or lilac, eosinophilic granules red, and the basi
and oxychromatin of the nuclei will be clearly differentiated The
areas between the cells will be clear with no film or precipitated
stain visible,

2. If the smear s excesstvely blue, this may be due to (a) too
thick a smear, {b) insufficient washing, (c) too prolonged staining
time, or (d) excessive alkahnity of the stain, buffer or water. In
such preparations nuclear chromatin is deeply stained, and
erythrocyles stain blue or green, The cytoplasm of the lymphocyles
becomes gray or lavender and the granules of the neutrophils
become 1ntensely overstamned and appear larger than normal,
Eosinophil granules become deep gray or blue. To improve the
color, less stain or more diluent may be used, or the time of stain-
g (step 3} may be decreased and the time of washing ncreased.
1{ the buffer is too alkaline and the above adjustments do not correct
for this, the buffer should be remade.

3 If the whole stain is too red, this 1s due to excess acidity of the
stan, buffer, or water In actd preparations, nuclear chromatin is
staimed pale blue rather than a vivid blue, the erythrocytes stain
bright red or orange rather than pink, and cosmophl granules stain
a brilliant red A common cause of excess acidity is exposure of
the stain or buffer to acid fumes. This must be avoided To correct
for excess acidity 1t 15 usually necessary to use a fresh batch of
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stain or bufler or both. If the tap water is alkaline, substitution of
tap water for distilled water in washing may be of some benefit,

4. I the nuclei, erythrocytes, and eosinophilic granules are pale,
this is due to (a) excess washing or (b) understaining (step 3).
To correct for this, decrease the time of washing or increase the
time of staining.

5. f there is scum or precipitated stain between the cells, this
is due to (a) unclean cover glass, (b) faully washing hecause of
failure to hold the preparation horizontal and to foat off the scum,
or (c) permitting dust to settle on the smear. This pitfall may he
prevented by using clean cover glasses, by holding the preparation
horizontally during the washing, by learning to play the stream of
water to the best advantage in washing, and by keeping the smears
clean during the interval which elapses between pulling and stail

Examination of the Blood Smear

The preparation should be exarmned first under low-power to
determine if the distribution of the cells and the staining character-
istics are satisfactory. Exen for the most experienced and talented
observer, an unsatisfactory preparation has no value and, worse
still, it may be seriously misleading. A well made, well stained blood
smear is an absolutely essential p quisite for the e ion of
erythrocytes, platelets and leukocytes. It 1s o complete waste of
time to attempt to examine an unsatisfactory preparation.

If the preparation is found to he satisfactory, the best area is
selected for detailed examination (fig. 8). This area 15 then placed
under the oil-immersion objective. It 1s important to choose an area
where the edges of the erythrocytes are nearly, but not quite, touch-
ing one another, If the area 15 too thick, the ery throcy tes and leuho-
cytes will appear small and the detailed morphology will be
obscured. If the area 1s too thin. the erythrocytes will appear larger
and better filled with hemoglobin than they actually are. The better
the preparation, the easter, more rapid, and more reliable 14 the

examination.
It is recommended that the student follow a set procedure in the

examination of the «mear The recommended routine 15 outlined
in table 24 and bricfly discussed below [f the neophyte routinely



THE BLOOD SMEAR “
7557 508 BIRRNCN

0 g
°°°O°°°° 0. ’g g

Loooooo -0 t ‘JQOOOJ

%o °°o °°° ﬁ?}t"e'
%9 ’e

.W“ .V“ 1 “““ v ""‘.l
Peat.... (4

04"

fig & —Photomicrographs of blo d smears
and € ore fre

rphotogy € Phota-
d eelt morphology is
of the on



DIACNOSTIC LABORATORY HEMATOLOGY

(3
. Top View Cross Seclion’
=7 2u—
Norm ocyle (" ‘f 3 m
N
6340
. o *
Microcyie . o CD
<~ 8.54—
*
Macrocyte ﬁ’m
624y
Spherocyte ' 13:
«8 04
Terget cell E HCTD
85 m ey
ovalocyle : ;:,m

s 10 A e

Sickle Cell —

Fig 9 —Varatiom in the 1ze and shope of erythrocytes

follows ths outhne from the beginning, interrogating humself regard
will become estabiliahed

ing each point, eventually the p.
and 1t 1s less Dikely o° <~ imporl(: » of the examination
t B

TR



Extimatpg o the aumpy,
2 Morpholg, boormate

b
* &1 *latiog o el Utrophyty
b <" form, 2y “toxsem Eranuly,, n of naulrophllq)
< A’\'uz-lur de, *rane,
hmnlmm d—grneranon of oplacy, of lyllu)hﬁtyl
—_— N

eryzhw()’t&c shoylg be Mspecteg !N regarg o (1) size,

olor, ang 4 nbnurmal forms {figyy, 9 10 and

W, “Xperience 1t can by dey, Thine,
e

with €OnSIderaple
L on the 5 tage m. Tocy e, normoe;h‘c or
Microcyy,, The degree f Variatyg, N 5170 lanlsocy(osis) shoulg
be Estimateq and Yecordeq $ 0o 4 plus

2 s, ¢ The Tesene, Dorma] Ped cejyy suelh ,,
spherocyr + targes cells, gy and gicp) Cells mys be care,
ully Joo, d for since g, “Sence of these cells Y haye n.
Stdergp,} |,gmﬁcance 8N0stye), he egree ton
shape 1 pe lkllocyl SIS g, 1 be Stimay, d ag |

1 p,



78 DIACNOSTIC LABORATORY HEMATOLOCY

used to estimate the mean corpuscular hemoglobin concentration
with 2 high degree of accuracy. Hypochromm if present, should
be graded 1 10 4 plus.
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4. Abnormal Forms. Polychromatophilia, stippling, Cabot-rings,
Howell-Jolly bodies, nucleated RBC, parasitized RBC, and rouleau
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formation should be noted. The degree of polychromatophilia can
be estimated and reported as 1 to I plus. The number of nucleated
RBC are expressed per 100 leuhocytes observed in the differential
count,

B. Platelets

1. The number of platelets is estimated. This is done by suney-
ing several oilimmersion fields and estimating whether the number
is normal, increased or decreased, as compared with the frequency
with which they are ohserved in normal blood. In so doing, 1t i«
ymportant o first make certan under low-power that the platelets
are evenly distributed and not agglutinated in one area of the smear.

2. Variation mn size and morphology of the platelets may be
present in disease. Platelets normally appear granular and measure
2105 ¢ in diameter. In disease, the size may vary from a fraction of
a y to that of a mass of agranular cytoplasm the size of a red
cell {7n).

C. The leukocytes should be studied with regard to (1} num-
ber, (2) type, and (3) morplolegic abnormalities.

1. The leukocyte count can be estimated by surveying several
ail-immersion fields aud determining whether the number 1< normal,
increased, or decreased, as compared with the frequency with which
they are ohserved m normal blood.

2. Differentia) Jeukocyte counting is done under oil-immersion
with a mechanteal stage. Care should be taken to avoid counting
the same area twice. This is done by moving from left to right, down
one field, right to left, ete. One hundred leukoeytes are uwually
counted. The actual number may be varied according to the mimbes
of leukocyles present. When there is leukopena, fewer than 100
may be examined, whereas, when there 1s leukocytoss, more f‘rl?«
should be studied. In order to obtain the true proportion, it it
necessary to include unclassified cells as well as those wiich can
he classtfied. The greater the number of cells examned, the greater
15 the degree of accuracy. For example, if the true ncu!nzplul count
is 50 per cent and 100 cells are counted the error 1e « 15 per cent.
1€ 200 cells are counted the error 1« 211 per cent; f 100 cells are
counted the error is £7 per cent In order 1o double the accuracy
of a count it is necesary to count four times the number of cells,
and to trple it, pine times, A leukocyte count should alwaya be
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made at the time a differential is done. It is only by this means
that absolute rather than relative changes in the number of cells
tan be determined, The aheolute number for a particular cell

type is ob d by multiplying the total leukocyte count by the
per cent ob!am:d in the dnﬂerenllal count.
In diff i kocytes it is jmp that all of the detailed

charactenistics recorded in tables 25 and 26 be observed. It should
become a habit to note the following characteristics in examining
a cell:
(a) The over-all size of the cell
(b) The nucleus
(1) Position
(2) Shape
(3) Color
(4) Chromatin structure
(5) Nuclear membrane
(6) Presence or absence of nucleoli
(¢) The cytoplasm
(1) Relative amount (nuclear-cytoplasm ratio)
(2) Color
(3) Presence or absence of perinuclear clear zone
{4) Granules-number, color, size and distribution.

The student should be careful to identify a cell by all of these
charactenstics and not be guided by one cell characteristic alone.

3. The presence of certain morphologic abnormalities such as
multi-segmentation of the nucleus of neutrophils, giant meta-
myelocytes, deeply staimng basophilic granu]es {“toxic granula-
tion”) 1n the phils, nuclear deg; hzation and

degeneration of cytop]asm may be of consnlerable prognostic and
diagrostic significance.

Value of the Blacd Smear

More valuable information may be obtained from the proper
examnation of the blood smear by a competent observer than can
be obtained from any other single laboratory examination in med:-
cine However, a knowledge of the limits of normal varation is
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TunLe 28—Relatite and Absolute Normal Leukocste Counts®

- (per mm?)
Absolute Number
Cell Type Per Cent i

Mezn lhmmum‘\humum
—_— ] A
Total Leukocytes . ..., PRTORN 7000 5000 | 10000
Myelocytes . e e aa] O 0 0 0
Metemyeloeytes . . . .. . s 300 150 400
PMN Neotrophuls . .. . . .. ...l 5162 4000 3000 5800
Eoanophils .. e e e 1-3 200 50 830
Basophils e e w e 0= O 25 15 50
Lymphocytes ., 25-33 2100 | 1500 3000
\onocytes . . 37 37 285 500

*Madified Trom Wintrobe, Clinical Hematology, th edition, Philsdelphia, Let
and Febiger, 1956

TasLe 29 —~Differennial Diagnosis of the Common Forms of Leukemia

Chrome | Chirome

Acute Myeloeytic Lvmphoestic
besbems 1 Leabema Lrukrons
Aee, years ; 20 ! 2040 40-80
Splenomegaly ' + Farar T+
Adenvpathy + + P
Fever +4++ - .
Bene pan +4++ = .
WRC (10/mm*) 1-200 100800 30100
Dhfferentis! Rlgets I Ayelocyren Adult femphe-
| ' Metamyelocyles cytes
PN
Anemia ++++ ++ .
Platelets .| Markedlyde-  High early, de | Normal arly, der
creased 1 creased late creased late

neces-ary before thie information can be ohtained This knowledge
comes only through experience. /t 13, therefore, extremeh smportant
that medical students and physicians personally examne the blaod
smear on every one of their patients, If every student will routinel}
make this an antegral part of the <tudy of every patient, in time he
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fig 12 —Photomicrographs of blood amears (x 900 A Poppenheumer
bodier (Wght's staiml 8 ond € Sideracytes (Wnght's stomn counter
stained with Prussion blue) D Henz bodies (methyl viclet stoin)

heimer bodies,” when blood films are stained with Wright's stain
ifig 12a).
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Heinz Body Stain

Technic

1. Place 2 drops of blood and 4 drops of a saline solution of
methy! violet in a small test tube,

2. Mix gently and allow to stand al room temperature for 3
to 10 minutes.

3. Place a small drop of the mixture on a clean cover glass,

4. Invert the cover glass on a clean glass slide.

5. Blat away the excess stain with a piece of filter paper and
rim the preparation with vaseline.

Comment

A semipermanent preparation may be made by placing o drop
of the mixture on a cover glass. Prepare smears in the usual fadhion:
air-dry and then mount with balsam,

Interpretation

1. The Heinz bodies appear as deep purple, wregularly shaped
hodies, varying 1n size from barely perceptible dots to spheres 2
microns in diameter (fig. 12d) One or more may be present within
a cell. They are usually eccentrically placed, and fie clowe ta the
cell membrane. They may protrude from the erythrocyte by a stalk
or occur free in the plasma.

2. Hemz hodies may he readily seen m a fresh. wet. unstaned
preparation of hlood (p. 131. They appear as globular refractile
bodies.

3. Hemnz bodies stain with brilhant cresyl blue iretreulocyte
staint but less ntensely than with methyl violet They are not
observed n the routme W right’s stam preparation hecause fivation
with methy! alcoliol remoses the hodies

1. Hewz bodies are frequently abserved 10 patients with hemo-
Wiic anemia. particularly an thow rapsed by the angedion of

toxic agents
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fig 13 —Photomicrogeophs of blood smeors Peroxidate st ix 9001
A Peroxidate pounve myeloid cefls from o patent with acute myslo
bloshc levkemia B Acute feukemia The are
peroxidase negative Thers 11 0 percxidase poulive neutrophil in the Feld

(95 per centi. To this add 1 ml. of a saturated aqueous solution of
sodium mitroprusside  This solution will remamn actne for 8§ 1o
10 months.



ALKALINE PHOSPHATASE STAIN - 23

Sotution B
Add 0.3 m! of fresh 3 per cent hydrogen peroxide to 25 ml.
of distilled water. This solution should be made just before use.

REFERENCE

Dscoon, F E. avp Asumorti, € M - Attas of Hematology San Francisro §. W,
Stacey, 1937

Atkaline Phosphatase Stain

Technic

1. Prepare dry unstained blood smears in the usual manuer.

2 Immerse the cover glass in the fixative solution for 30 seconds
at 0 C. (%5°).

3 Whash in running water for 10 seconds.

4. Incubate 1n substrate mixture for 10 minutes at room temper-
ature

5 Wash m running water for 10 seconds

6. Counterstain with Mayer’s hematoxylin for 3 to 4 minutes.

7  Wash mn runming water for 10 seconds and air dry.

8 Mount with balsam and examine under high dry or oil 1m-
mersion.

Interpretation

1 N 1ol 1

yelocytes and polymorph ) are
the only cells which take up stain The granules stain from a pale
brown color to deep black. The amount of alkalae phosphatase
positive material within a cell may be graded on the bass of inten-
sity and app of the precyy d dye 1 the cytopl:
colorless; 14 diffuse pale brown cytoplasm, no granules: 2+,
brown eytoplasm with or without occasional clumps of brownish-
black precipitate, 3+, browmsh-black, unevenly distributed granu-
lar precipitate; 4, uniform deep black granular precipitate.

2 In normal subjects, most of the neutrophils are unstaned
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TaBLE 30.—Alhaline Phosphatase Activsty 1n Vanous Conditions

Per Cent of Neutrophily

Condition Neg.  1Plus  2Plis 3Pls 4Pl
Normal 64 30 6 [) )
infection 6 23 10 puij $
Nonleukemic Myeloid Reactions 10 10 10 0 %
Acute Leukemia 100 0 a 0 [}
Chromic Myelocytic Leukensia % 1 0 0 0
35 10 18 7 0

Chronic Lymphncytic Leukeria

)

Fig 14 —8lood 1mears stained for ofdaline phorphatore actinty Note
the variation in staiming intensify from coll to sell Kindly furnished by
De L S Kaplow (Courtery 8lood)
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Mix A and B
Place in sunlight for 3 to 1 weeks.

2-Amino-2-methy -1, 3-propanediol may be purchased from Fast-
man Kodak Co., Rochester, N. Y.; the sodium alpha napthyl acid
phospt from Dajac Lal ies, Leominster, Mass.; the Fast
Blue RR (diazonjum salt of 4k yl-2: S-methoxy-aniline) from
General Dyestuff Corp., 255 Atlantic Ave., Boston, Mass.

REFERENCE

Karrow, L. S.: A histochemical procedure for Jocalizing and evaluating leuhoyte
alkalime phosphatase activity 1 smears of blood and marrow, Blood 10
1023, 1935,

The “L. E.”” Phenomenon
Clotted Blood Technic

Technic

1. Place about 10 ml. of freshly drawn blood in a clean, dry
test tube.

2. Allow the blood te clot and stand 1n the test tube for about
two hours at room temperature.

3. Decant the serum and dweard.

1. Force the clot through a screen® of fine me<h to defibrinate
it and collect the resulting flurd portion contaiming the cellutar
elements in a clean dry Petri dish or heaker.

5. Transfer the defibuinated blood to a hematoenit tube and
centrifuge at 1000 R.P.M for 10 minutes

6. Withdraw and discard the serum down to the huffy coat.

7 Place a small drap of the buffy coat on a cover glass, make
a thin smear i the usual fashion, and <tan with Wright's dam

oStainfess steel wire gaure, 10 meshes to the nch & small tea strasner which
can be purchased at any bardware or grocery store 1o quite satislartors
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Ro tary Methoy

Technie

Place 3 ml of gy, eshly dray, bloo, od in tesl tube (13 x
oo mm,) contmmng Img o!smhum hepnnn (0 Im mLof o solunon
).

3 Incubnlc A room e CMperatyre for 1 4, o 2 hougs,
3 Adg S glass beads, + 5 mm, m di,, Ameter, to the tuhe,
1, Rotgpes the tyhe for 39 0 mip, Mutes oy ro mperalure
hemalocn tube iy, the bio,, nd ¢ centrifuge at 1oog
0 tes,

6, Wuhdmw and digen d the € plasimg 2 dow p 4, rhe buIIy coat,
- Place , sma, drop of 1}, bulIy coat on glass. rnﬂke
2 thip Smear \p, the usy,] Iasluon > and s1,, with W 18ht’s n,

Nuclea, malenal

Bryan Sareey prooy Cell Pypey,, Rotor

WA gy ke Kay, “haker cop e Used Py, diches

Containng 3 epari ey bood ang 15 beady o sttateq g, Dinurgy
e o e s
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1. . dJ. -

Fig 15—Blood smeort stained with Wright’s stain (x 500) Calls A
through D are typical LE colls with & homogeneous inclusion body

Cells E, F ond G illustrate e Colt H,
toss, I, rotette with an Inclysion bady in the center J, two fypical
LE celts

a purplish stam, although there 1s variation in the stamng from
purple to reddish brown. In addition to the L.E. cells, the LE
phenomenon includes the formation of clumps or roseties. The
rosette consists of a central homogeneons masa surrounded by neu-
trophilic leukocytes. Rosettes are easily sisualized under the low
power magnification of the mrcroscope.

3. Nucleophagocytosis (“tart cells™ 1 must be differentiated from
L.E. cells (fig 15i. Nucleophagocytosis 1s a normal phenomenen
and 14 present not uncommonly n preparations made to determmne
the presence or absence of L.E cells The phagocytized nucleus seen
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in nucleophagocylosis can usually be differentiated from the L E.
cell. The phagocytized nucleus has an intact, or nearly intact,
nuclear pattern. It is frequently vacuolated, the chromatin is con-
spicuous and dense, and the chromatin around the circumference
of the phagocytized nucleus is frequently condensed giving the
impression of a thick rim. Eosinophilic staining of the nuclens
may be prominent.

4. LE. cells are larger than other leukocytes and because of
their s1ze and dustinctive appearance are readily observed under
the low power objective of the microscope (fig 16). The entire
area of at least two cover glasses should be systematically examined
for at least 30 minutes before the smears are considered negative.

FIEPT S
< 5 #} 5, ;:’.G v .
2 0 e A‘b‘g‘{,,.;*} &
AL A et =1
ST e T et o od

Fig 16 —Photomicrograph of @ smear of the buffy caot of heparinized
blood which hod been rotated Wright's stoin (x 200} Many LE cells
ore apparent The photomicrograph was kindly furnished by Dr W H
Zinkham (Courtesy Bull Johns Hopkins Hosp )
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The presence of L.E. cells should always be confirmed under the
oil-immersion lens. A positive report should not be baced on the
finding of a single cell. The preparation should not he reported
as positive unless at least several, absolutely typical L.E. cells are
seen. In positive preparations many L.E. cells and rosettes are gen-
erally present.

5. The test may be falsely negative when severe leukopenia is
present. This is because the reaction requires phagocytic cells in
addition to the plasma factor. Therefore, if the patient has leuko-
penia, it is recommended that 5 ml. of the patient’s serum be
incubated with 5 ml. of washed cells obtained from a normal
subject.

6. A negatire test does not rule out the diagnosis of disseminated
lupus erythematosus since the blood from some patients with
ohvious chnical disease cannot be demonstrated to form L.E. cells.
An unequivocally positive test is probably diagnostic of the disease
False positive tests rarely, if ever, oceur. However, nucleophagocy-
tosis may be mistahen for L.E, cells by the inexperienced.

REFERENCES
1 Hareraves, I M The L E. cell phenamenon fn W Dors aap I S,
Eds * Adsances in Intemal Medieinr Chicagn, The Year Book Publichers

Inc, 1933, vol 6
2. Costey, C. Lo The L. E. cell test J Chromic e 5 275, 1937

Examinations Concerned with Hemorrhagic
Disorders

Cessation of loss of blood from a damaged se<sel {hemostasis}
is hrought about not only as a consequence of the coagulation of
blood and the formation of a firm fibrin clot (intraya<cular factory)
but ako by t1) prompt sasoconstriction and retraction of the
vessel (vascular factorsd, and (2) by extravascular factors such
as tissue tone. mass, lautness and restiency. Thus, the caus of
hemorrhage may be diaded into three large groups ttable 3
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Taste 31 —Classification of the Causes of Hemorthage

1 Vaseular Abnormalities
A. Traumatic ajury of veserls
B Hereduary hemorthagic telangsectasia
C. Nonthrombocytopemic purpuras
1. Allegenc purpura (anaphylactord purpurs, Henoch SeliGnlein purpura)

2. von Willebrand's disease

3 Hereditary famihial purpura simplex

4 Symptomatic infections, chemicals, ammal agents, scurvy, certam
chrome diseases

5 Muecelt I purpurs. orth purpurs, purpura

fulminans

1L Estravawcalar Abnormalities
A. Atrophy of subeutanenus tisues (purpura semlis, purpura cachectical
B Fragility aod byperlaxity of the skin (Cushing’s syndrome, Ehler Danlos
syndrome, epudermolysis bullosa)

b Jar Ab Defects in Cosgulation (see 1able 323

Coagulation of blood 1s 1nitiated by contact of the blood with
a “rough™ surface and thus a series of reactions 1s started, which
at least for the sake of simplicity and clanty may be dwvided into
three stages.

In stage 1, thromboplastin 15 formed. There are row known to
be at least stx factors concerned in the generation of thrombo-
plastin. These are (1) platelets, (2} antihemophilic glohulin
(AHG), (3) plasma thromboplastin component { PTC), (4) plasma
thromboplastin antecedent (PTA), (5) calcium, and (6) Hageman
factor Thus, the first stage of coagul may be d
as follows

Platelets

AHG

PIC

PTA ————>»Thromboplastin
Calcium

Hageman Factor

In stage 11, prothrombin 15 converted into thrombin. This is
brought about by thromboplastin and teo co-fact

3 tin
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and proaceelerin, Calcium is also required. This stage may be repre-

sented diagrammatically as follows:

Thromboplastin Prothrombin

Caleium
. —_
Proconsertin ———>Convertin

Proaccelerin ~——— Accelerin Thrombin

How these three factors and calcium interact to bring about
the conversion of prothromhin to thrombin is not understood. It
has been suggested that thromboplastin and convertin combine in
the presence of calcium to bring about a minimal conversion of
prothrombin to thrombin. The small amount of thrombin formed
activates proaccelerin { proaccelerin—accelerin) and consertin and
accelerin mnteract in the presence of calcium to form an intermeduate
compound, “prothrombinase,” which then markedly accelerates the
comersion of prothrombin to thromiun. Thus, there is an auto-
catalytic reaction which, after some thrombin has been formed.
proceeds with ever increasing velocity until thrombin evolution
is explosive,

In the third and last stage of coagulation thrombin converts
fibrinogen into fibrin and a clot 1s formed. Thus.

Fibrinogen

Thromhimn e

Fibrin

This brief summary of the physiology of coagulation 1s unques-
tionably a nane oversimplification of the process, Howerer. untit
a better understanding of the interaction of the indidual com-
ponents than now available 1a presented, it should serve asa frame-
work of hnowledge on wlich the student may add new contributions.
as these are made available

The disorders of coagulation are classified in table 32 according
to the stage at which the coagulation defect occurs. The prothremlun
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consumpition test is \nluable in assessing the functional adequacy
of stagel {thromboplasti jon). The hrombin time is
valuable in ¢ ing an al ity in stage H {t bin {forma-
non}. An abnormality in fibrin formation (stage I} may be sus-
pected in the ahsence of a clot, in bleod or plasma, with any of
the tests,

Tavie 32~Classification of the Hemorrhagie Disorders Due to Delects in
Coogulanen

I Defect in Stage I--deficient thrombopla<tin Jormation
A. Deficiency of AMC (Clasucal hemophitia, hemophiha A)
B Deficiency of PTC (Christmas dusesse, hemophutis B)
€ Deficiency of PTA (Hemophihz €1
D Thmmborym,.»ma« (p. 621

purpuras baeth oI ‘s thrombas.
‘hmn) Platelets numesically normal but muypludnnn“y and Junetion-
ally abnormal

F. Vaccular hemophitia (AHG deficiency plus an abnormality of the capil
laresy

& Circulating gntirbromboplastin
1 Idiopathic
2. Aswciated wiih certain djceases, disseminated lupus, hyperglabul-

wnema, muluple myeloma, shock, hemnphitia, pregnancy

Defeet 1n Stage Ji—deficient thrombmn formation
A Defictency of prothrombin {Hypoprathrombiemta)
1 Hesedstary (rares
2 Acquired
a Ypathie
b Lier ducose
¢ Newborn
u Sitamn K deficreney—dienary or defectine sbeorption
1 and related
B Deﬁnrnry Cat Pmmeltrm
1 Heredntary {parahemophlia)
2 Arquired
& Laver divease
b Newborn
¢ Lenkenus
4 Pernjtions anemua
e Purpurs fulmmnans
C Defitiency of Proconvertn
1 Heredstary
2 Acquied
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a. Luver disease

b Newborn

c Vitamin K deficiency

d  Drugs—dicumarol, Tromexan

I Defect 1n Stage Nl—defectine fibrn formstion
A. Hercditary hypo- or afibrnogenemis
B Acquired hypofibrinegenenma
1 Liver drease
2. Comphication of pregnancy
3 Certain mahignancies (proatate, stomach)
4 Certain bone marrow diseases
5 Pulmonary manipulation

In the mitial laboratory study of a patient with a hiemorthagic
disorder the following determinations should be performed: capil-
lary fragility, bleeding time, whole blood coagulation tume, elnt
T ion and tion of platelets (p. 51).

H there is thrombocylopenia, a positive capillary fragility test,
a prolonged bleeding ime, and poor and delayed clot retraction,
then the etiology of the thrembocytopenic purpura must he deter-
mined.

If there 13 a defect m coagulation, which 1s not due to throm
bocytopenia, then the prothrombin time {Quick) and prothrombin
consumption tests should be performed.

1f the defect 15 in the first stage of coagulation (poor prothromhin
consumption then the presumptine tests for the differentiation of
the types of hemoplulia should he done

If the defcct rewdes m the second stage of coagulation |pre-
longed prothrombin time) then the presumptine tests for pro-
accelerin and proconvertin deficiencies should be perfosmed.

The simple tests whieh are outlined herein are all that are
usually needed for the dingnoss of the specifie diorder of coagu-
lation. However. 1t should be emphasized that i a few patients
with a dirorder of coagulation of mild degree, all of thesr tess may
be normal and more elaborate tests may be necessary in order to
establish the diagnoss, If all of the tests are normal. a disorder
of coagulation cannot be ruled oul.

The canse of alterations 1 the sarions tests are «pmmanzed
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Taste 35 —Synonyms for the Coagulation Factors

Proaccelenn —y Accelenn
Factor V = Factor VI
Labile factor
Plasma Ac globuhn —» serum Ac globulin
Plasma prothrombin conversion factur —» serum accelerator

Procontersn — Consertin
Factor VII
Stable factor
Plasma precursor —» serum prothromMin conversion aceelerator {Spea)

Antihemophihe Globultn (AHG)
Factor ViII
Antihemophilic factor (AHF) — A
Plasma thromboplastin factor (PTF) — A
Prothrombokinase
Thromboplastinogen

Plasma Thrombaplashn Component (PTC)
Factor 1X
Christmas factor
Antihemophulic factor (AHF) — B
Plasma thromboplastin factor (PTF) — B

Plasma Thromboplashn Antecedent (PTA)
Antihemophihie factor (AHF) — €
Plasma thrombuplastin factor — €

Capillary Fragility

Technic

1 Apply a blood pressure cuff about the upper arm 1n the usual
manner and take the blood pressure

2 Inflate the cuff to a pont halfway between the systolic and
diastolic pressures and mamntamn this level for 5 minutes.

3. Remove the cuff and examine the forearm, hands, and fingers
for petechiae

4 The results of the test are graded 1 a rough manner from
normal to 4+ as follows: 1+, few petechiae over the anterior
surface of the forearm; 2+, many petechize over the anter:

Vv
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surface of the forearm; 3, multiple petechiae over the whole am
and dorsum of the hand; 44, confluent petechiae in all areas of
the arm and the dorsum of the hand,

Comments

I. This test is a crude measure of capillary fragility. The number
and size of the petechiae are roughly proportional to the bleeding
tendency. There is a fair degree of correlation between the mumber
and size of the petechiae and the degree of thrombocytopenia. How-
ever, the test also depends on the fragility of the capillaries and
may be marhedly positive when the platelet count 1s normal. The
results of the test are also influenced by the blood presure, the
thickness and texture of the skin, and the temperature of the skin.

2. The test should not be repeated on the same arm untl one
week later.

3. To make the tourniquet test more quantitative, a circle 5 cm.
in diameter may be outlined in nk on the forearm, the upper edge
of which is 4 c¢m. below the bend of the elbow anteriorly. Any
petechine present 1n the circle are noted and the test perormed
as abose. The number of new petechiae in the area is noted. Normal
ly there should be ne more than 10 or at the most 20. The objection
to this procedure 1s that the test may be markedly positive, yet only
a few of the petechiae may develop sathin the crcle.

1. Normally. petechiae frequently appear just below the lm.‘rr
lesel of the blood pressure cufl. Petechiae appearing n this location

are discounted.
5. The resplts of this test on 100 medical students were as

follows: negatire, 72 per cent, 1+. 21 per cent, 2+, 7 per cenfs
3 and }+, zero per cent.

Bleeding Time

Technic
1. Place a blood pressure cuff on the arm abose the elhow and

nflate to 10 mm Hg
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2. With alcohol clean an area free of visible veins on the fore.
arm,

3 Puncture the shin by means of a sterile spring lancet or a
Bard-Parker blade to a depth of 2 to 3 mm. and a width of approxi-
mately 2 mm. A needle should never be used to make the puncture,

4. With a round piece of filter paper blot off the blood every
30 seconds, The drop of blood should never be wiped off. Only
the tip of the drop should touch the filter paper. The blood should
be allowed 1o flow onto the filter paper by capillary attraction. No
manipulation of the wound 1s permitted.

5 Divide the number of drops of blood on the filter paper by
2 and the resulting figure represents the bleeding time in minutes,

Comments

1. The difficulty 1n producing a standardized wound limits the
accuracy of the 1echnic. 1 should be emphasized that the blade must
be sharp and a visible cut must be produced.

2. A single normal bleeding time determination does not exclude
the tendency to bleed; the test should be repeated in another area
of the body 1f suspicion of hemorrhagic disease exists, Likewise,
a single prolenged bleeding time does not prove the existence of
a hemorrhagic disease. A large vessel may have been severed. The
test should be repeated in another location.

3 The d ion should be di inued 1f the wound 1s
still bleeding at 15 minutes and it should be reported as 15 min-
utes plus.

4. In general, there is a correlation hetween the bleeding time
and the platelet count, the majority of patients with severe throm-
bocytopenta (less than 100,000/mm.?) will have a prolonged bleed-
ing ume. The bleeding time of patients with a platelet count over
100,000/mm.* will wsually be normal. The rare capillary abnor-
malities i which the platelets are present 1n normal numbers are
an exception to this rule

5. The normal bleeding time as determined by 100 medical
students using this method 15 1 to 11 minutes (fig 17). The median
value is 2 minutes and the mean value is 29 minutes, In agrecment
with the observations of others, 87 per cent of the values fall between
1 and 4 minutes and there is a very long tail to the right where
the curve appears to become asymptotic.
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surface of the forearm; 3+, multiple petechiae over the whole am
and dorsum of the hand; 44, confluent petechiae in all areas of
the arm and the dorsum of the hand.

Comments

1. This test 1s a crude measure of capillary fragility. The number
and size of the petechiae are roughly proportional to the bleeding
tendency. There is a fair degree of correlation between the number
and size of the petechiae and the degree of thrombocytopenta. How-
ever, the test also depends on the fragility of the capillaries and
may be markedly positive when the platelet count is normal. The
results of the test are also influenced by the blood pressure, the
thickness and texture of the skin, and the temperature of the skin

2. The test should not be repeated on the same arm until one
week Jater,

3. To make the tourniquet test more quantitative, a circle 5 cm.
in diameter may be outlined in ink on the forearm, the upper edge
of which is 4 cm, below the bend of the elbow anteriorly. Any
petechiae present in the circle are noted and the test performed
as above. The number of new peteclnae in the area 1s noted. Normal-
Iy there should be no more than 10 or at the most 20. The objection
to this procedure 1s that the test may be markedly positive, yet only
a few of the petechiae may develop within the ciscle.

4. Normally, petechiae frequently appear just below the ]m.‘"
level of the blood pressure cufl. Petechiae appearing in this Jocation
are discounted

5, The results of this test on 100 medical students were 25
follows: negatne, 72 per cent; 1+, 21 per cent; 2+, 7 per centi
3 and 4+, zero per cent

Bleeding Time

Technic
1. Place a blood pressure cufl on the arm above the elhow
inflate to 40 mm Hg,

and
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2. Wih alcohol clean an area {ree of visible veins on the {ove-
arm,

3. Puncture the skin by means of a sterile ¢pring lancet or a
Bard-Parker blade to a depth of 2 to 3 mm. and a width of approxi-
mately 2 mm. A needle should never be used to make the puncture,

4. With a round piece of filter paper blot off the blood every
30 seconds. The drop of blood should never be wiped off. Only
the tip of thé drop should touch the filter paper. The bload should
be allowed to flow onto the filter paper by capillary attraction. No
mampulation of the wound is permitted.

5. Divide the number of drops of blood on the filter paper by
2 and the resulting figure represents the bleeding time in minutes.

Comments

1 The difficulty in producing & standardized wound hmits the
accuracy of the technic. Jt should he emphasized that the blade must
he sharp and a visible cut must be produced,

2. A single normal bleeding ime determination does not exclude
the tendency to bleed; the test shoull be repeated in another area
of the body if suspicion of hemorrhagic disease exists, Likewise,
a single prolonged bleeding time does not prove the existence of
a hemorthagic disease, A large vessel may have been severed. The
test should be repeated in another Iocallon

he d ion should be d inued if the wound is
still bleeding at 15 minutes and it should be reported as 15 mn-
utes plus

4 In general, there is a correlation between the bleeding time
and the platelet count, the majority of pahients with severe throm-
bocytopenia (less than 100,000/mm.’} will have a prolonged bleed-
ing ttme. The bleeding time of patients with a platelet count over
100,000/mm.* will usually be normal. The rare capillary abnor-
malittes i which the platelets are present 1n normal numbers are
an exception to this rule

5. The normal bleeding time as determined by 100 medical
students using this method is 1 to 11 minutes (fig 17). The median
value 1s 2 munutes and the mean vale is 2.9 minates. In agreement
with the observations of others, 87 per cent of the values fall betneen
1 and 4 mnutes and there is a very long tail to the right where
the curve appears to hecome asymptotic,
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fig 17 ~Frequency distnbubion disgrom for the bleeding hime per-
formed on 100 presumably healthy, male medical students

Coagulation Time

Technic
1. With a tourniquet in place, 5 ml of venous blood are drawn
mto a clean dry syringe.
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2, Oue ml. of blood is placed into each of two, clean, dry, pyrex
test tubes {13 X 100 mm.) with an inside diameter of 11 mm. The
last three ml. of hlood are discarded.

3. Gently th fahout 45 degrees) the first tube at hall minute
intervals until ne flow of blood is ohserved on complete inversion
of the tube.

t. Then gently tilt the second tube at hali-minute intervals umil
no flow of blood is observed on tilting.

5. The coagulation time is recorded as the time interval between
the appearance of blood mn the syringe and the time at which
blood ne longer flows on complete inversion of the second tube,

Comments

1. The coagutation time of blood is purely relative. The coagu-
lation time of hormal blood is influenced by temperature, the size
of the tube, the volume of blood 1n the tube, the nature of the
surface of the tube, the pH of the blood, the irequency and type
of hilting movement, as well as other factors. A large number of
modsfications of the Lee-White method have been employed These
vary 23 to the selection of the beginning time and the end point,
the number and size of the tubes used, the temperature at which
the deterrmnation s performed, the volume of blood in the tube,
etc, No single technic has become standard. Therefore, jt 15 im-
portant to perform the test under the same conditions each time
and to always run a normal control. The normal mean value by the
method described above 15 9 minutes, and 95 per cent of the
determmations fall between 3 and 15 minutes The distnbution of
the values as performed by, and on, 261 male medical students is
shown 1n figure 18,

2 The site of the vempuncture should not be traumanzed or
squeezed.

3. It 1s smportant that the vein be entered quickly and neatly
at the first attempt, as otherwise tissue juice will enter the syringe
and shorten the coagulation tme. If the vemn is not entered on the
first attempt, the needle and syringe should be discarded and another
sterile syringe and needle employed.

4 The syrmge should be clean and all possible air should be
expefled from the syringe. The needle must fit tighdly. Care should
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Fig 18 —Frequency distrbution diagram for the coogulation time

performed on 261 presumably healthy, mole medical students

be exercised not 1o use too vigorous suctron in filling the synnge,
so that no air bubbles pass through the blood, Air tends to hasten
coagulation.

5. The tubes must be scrupulously clean and smooth, Unclean
or rough glassware hastens coagulation.

6. The inside diameter of the tubes should be constant. Blood
clots more rapidly 1n smaller tubes. It 1s recommended that tubes
with an inside diameter of 11 mm. be used

7. The needle should be removed from the syringe and the
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blood allowed to run down the side of the tube genily to avoid
agitation. Excessive agitation tends to hasten coagulation.

8. Temperature marhedly influences the speed of coagulation
Temperatures below 37 C. retard coagulation, Body temperature
(37 C.) 1s the most desirable temperature at which to perform the
test smcc u xs at this temperature that coagulation takes place

8 . Tt is theref ded lhat if possible the
lesl always be cnmed out by placing the tubes in a water bath at
37C

9. The end-point 1s purely relative and does not indicate that
complete coagulation has occurred in the whole column of blood.
It is simply that time when sufficient fibrin has formed at the air
1nterface to support the column of blood when the tube is completely
nverted.

10 It must be emphasized that this test is only a rough screen-
ing p dure, Shght but signifi ions of lhe clotting
tume eannot be detected jn glass tubes and the test does not detect
hypercoagulability.

REFERENCES
1 Lee, R [ ano Witre, P D - A chinical study of the coagulation time of hlood
Am § Med Se 145+ 993, 1913
2 Tocantivs L M The Cosgulation of Blood, Methods of Study New York,
Crune & Stratton, 1955

Clot Retraction

Technic

1 The clot 1n one of the tubes used in the determination of the
clotting time 1s separated from the wall of lhe tube by gently rim-
ming the top of the Alae s ik a Aage ol an

2 The tube
water bath at 37 '
of retraction, namely, separation of clot with expression of serum.
The degree fshght, moderate, marked) as well as the rate of clot
retraction should be observed
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Comments

1. Mild shaking or jarring of the tube should be avoided sice
blood with delayed or no retraction may retract when subjected to
shaking.

2. Normally, retraction of the clot from the walls of the test tube
will have commenced by 30 minutes, is appreciable in 1 hour, and
is complete by 24 hours. In abnormal conditions, clot retraction
may not occur at all in 24 hours, or there may be variable degrees
of retraction.

3. The retractility of the clot depends primarily on the number
of platelets present. If the platelet count is less than 100,000 per
mm.*, poor retractility is usually present. Conversely, when the
number of platelets is above 100,000 per mm.?, the clot will retract
well. Furthermore, there is a rough but distinct parallelism between
the number of platelets and the quality of the clot, Thus, one method
serves as a check on the other.

4. 1t should also be noted that the concentration of erythrocytes
influences both the rate and the degree of clot retraction. When
the erythrocyte mass is large, the plasma volume and consequently
the total amount of fibrinogen 1s relatively small and the mass of
erythrocytes limits the degree of retraction by the volume which
1t occupres in the clot. The converse prevails in anema. Methods
have been devised for the semiquantitative estimation of clot re-
traction which by the application of a formula adjust the results
to a standard volume of packed red cells, In routine chnical hema-
tology there is little need for this refinement.

REFERENCE
Bretz.Otsen, @ E  Clot Retraction Spnngfield, € € Thomas, 1951

Prothrombin Time

QUICK'S METHOD

Technic
1. Draw4.5ml of venous blood into a syringe. Immediately ?dd
the blood to a centrifuge tube contaming 0.5 ml. of 0.1 M sodium
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Fig 19 ~Curve relating prothrombin fime 1 seeonds to prothrombin
aetivity in per cent of normal The plasma was diluted with sahine

ated in tenths and hundreds of a mi and shortened to 17 em. length.

5. The tube must be tilted gently. If 1t is shaken too vigorously,
the initial tenuous fibrin mesh is apt to be broken and thus escape
detection so that more time is required before further formation
of fibrin occurs, This may introduce an appreciable error.

6. Heparin and antithrombin influence the coagulation time. If
the patient 1s recerving heparin, the blood must be drawn at Jeast
4 hours after the last injection of hepann or the value obtained
will not be valid,

7. It must be pointed out that the curve relating the prothrombin
time to prothrombin actvity 1s hyperbolic (fig. 19). Therefore,
1t is completely erroneous to calculate the prothrombin activity by
dividing the prothrombin time of the normal by that of the unknown.

8. From the configuration of the curve relating the prothrombin
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Calcium chloride (0.02 M)
Anhydrous calcium chlonde 1,11 Gm.
Distilled water to make 500 ml.

Thromboplastin
Suspend 0.15 Gm. of lyophilized, acetone-extracted rabbit brain
(Bacto-Thrombaplastin, Difco Lab ies, Detroit 1, Michigan)

in 4 ml of a solution of physiologic saline. Add 0.05 ml. of 0.1 M
sodium oxalate and incubate at 45 C. to 48 C. for 10 minutes
with agitation every three minutes. Insert a 20 ml. volumetric pipet
with a piece of cotton placed loosely over the tip into the suspen-
sion, By gentle suction draw the solution into the pipet. The throm-
boplastn solution so obtained should be used within a few hours.
When stored at —20 C., the solution is stable for several months.
Repeated freezing and thawing is not recommended, and therefore,
1t is convenient to store the solution m small aliquots.

Taste 36 —C of Proth, bin Time To Prothrombin Actuity
Prothrombin Prothrombin Activity
Time m Per Cent of Normal
Seconds
11—-125 100
135 60
15 50
17 40
195 30
22 25
21—36 20
37—40 10
55 —65 5 .
REFERENCES
1 Quick, A J. On the of | tn Am J Chs
Path 15 560, 1915
2, —— The Hemorrhagic Diseases and the Phywiology of Hemostaste, Balumore.

Charles C Thomas, 1932



PROTIR, MBIy Trvg 119
MODIFIED METHOD

Techn;,
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ml; and tube 9, 0.99 ml.

3. Mix the contents of the tubes.

4. Determine the prothrombin time on each mixture as outlined
above. Plot the prothrombin times in seconds against the per cent
prothrombin on arithmetjc graph paper.

Comments

1. The comments concerning the prothrombin time of Quick
are also pertinent to the modified technic.

2, 1t should be emphasized that a standard curve must be de-
termined for each new batch of thromboplastin and prothrombin-
free plasma.

3. The prothrombin-free plasma, if in the liquid state, must be
fresh since antithrombin develops rapidly and proaccelerin deteri-
orates rapidly.

4. For extremely hypoproteinemic plasma 0.4 ml. of test plasma
should be diluted with 0 6 ml. of prothrembin-ree plasma

5. Duplicate deternuinations should agree within 0.5 second.

Interpretation

This method has the advantage over the method of Quick that
with appropriate dilutions of the plasma the determmations are
performed on the most favorable portion of the curve. It is also
somew hat more specific for prothrombin deficiency since the p.roth-
rombin-free plasma, if properly prepared, supples additional
fibrinogen and proaccelerin. However, the barum sulfate removes
proconvertin 1n addition to prothrombin, and therefore, the XT}E”IOJ
may not be entirely specific. Furthermore, if the pmthrombm-frt;
plasma contamns excess antithrombin an erroneously pm]oné"f
prothrombmn time will result For the more specific esumatron Of
prothrombin, the somewhat more laborious two-stage method ©
Warner, Brinkhous, and Smuth' is recommended.

Reagents

Sodium oxalate (0.1 M) (See p. 117)
Calcium chloride (0.025 M)
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Anhydrous calcium chloride 1.38 Gm.
Distilled water to make 500 ml,
Thromboplastin (See p. 118)
Pooled normal human plasma
Draw 4.5 ml of venous blood from each of 5 to 10 normal
human subjects Immediately add each specimen to a centrifuge
tube containing 05 ml. of 0.1 M sodium oxalate. Centrufuge the
tubes at 2000 R.P.M for 10 minutes. Pool the plasma samples and
place the pooled sample in the refrigerator at 4 C. The plasma
must be used within several hours after the blood is obtained,
Prothrombin-free human plasma
Pooled normal human plasma, obtained as outlined above, is
extracted with barium sulfate (C P., Baker). One hundred mg. of
banum sulfate are added per ml. of pooled plasma. The mixture
15 incubated at 37 C. for 10 mmutes with frequent agitation and is
then centrifuged at 3000 R.P.M. for 30 minutes. The plasma 1s
carefully separated from the sedimented barium sulfate It 1s im-
portant that all of the barium sulfate be removed from the super-
natant plasma
The barium sulfate absorbed plasma should have a prothrombin
tume of no less than 180 seconds This preparation is unstable and
if allowed to stand at room temperature for even an hour, the
prothrombin time will be prolonged when it is added to pooled
normal human serum, It can be stored m the liqud state at 4 C.
for several hours, or at —20 C. in the dry state (lyophilized) for
several months without loss of potency. Prothrombm-free beef
plasma can be substituted for human plasma and can be purchased
from the Difco Laboratories, Detroit, Michigan

REFERENCES

1 Faommerer, W B amp Commtcan H  Determmation of prothrombin by the
dilution method  Stability and actvity of human and bovine prothrombin-
free plasma J Lab & Clin Med 3¢ 1356, 1949

2 Avexanven, B, Dehiss, A, AND GoosTalv, R Prothrombin A entique of
methnds for 1ts determmnation and their chmical eigmficance New England
J Med 240 403, 1939

3 Tocantiss L M, Ed The Coagulation of Blood Mrthods of Study New York
Grune & Stratton, 1955 p 89
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Presumptive Tests for Proaccelerin and
Proconvertin Deficiencies

Technic

1. Draw 4.5 ml, of venous blood into a clean syringe. Immedi-
ately add the blood to a centrifuge tube containing 0.5 ml. of 0.1
M sodium oxalate. Mix, and centrifuge to obtain the plasma.

2. Mix the patient’s plasma with the plasmas described under
Reagents, The proportions are given in table 37. It is usually con-
venient to add 0.9 ml of plasma A to 0.1 ml. of plasma B.

3, The prothrombin time (Quick) is determined on the mixtures
as described previously (p. 114).

Comments

1. The tests outlined above can only be performed if the pro-
thrombin time by Quick’s method is sufficiently prolonged, as com
pared with a normal control, to allow detection of shortening of
the clotting time.

2, In actval practice it is usually unnecessary to perform all
of the tests histed in table 37.

3. When the patient’s plasma exhibits only a shghtly prolonged
clotting time by Quick’s method, the tests on the mixtures of 0.9
ml. of modified plasma and 0.1 mlL of the patient's plasma arc
usually more sensitrve than the mrxtures contaming a preponderance
of the patient’s plasma.

4. Although these tests are not as sensitive as desired, they are
usually adequate to detect and differentiate significant degrees of
a deficiency of proaccelenn and proconvertin. They are of no value
in quantitating the degree of deficiency.

5 Interpretation of the results is given in table 37

Reagents (See table 38)
Oxalated normal plasma .
From a normal subject obtamn blood as described under Technic

above. This must be used within one hour after 1t 18 \ullu!m“m

This preparation contains both proaccelerin and proconyertin.



PRESUMPTIVE TESTS FOR PROACCELFRIN 123

Tasee 37--F pisie Tests for Proaccelern and P fcrenci

Reagent Reagent Condition of Patient’s Placms

A B if the Abnormal Clotting Time 38

9 volumes 1 volume Shortened Not Shortened
Pr'a plasma Normal plasma Contains an inhibitor
Pt's plasma Absorbed plasma  Proaceelenn Del Proconvertin Def.
Absorbed plasma  Pr's plasma Contains Proconvertin Proconvertin Def
s plasma Dicumarol plasma Proarcelenn Del Proconvertin Def.
Dicomarsl glasma Pr's plasma Contans Proconvertin Procansertia Tie
Pr's plasma Aged plasma Proconverun Def. Proacceletn Del.
Aged plasma Pt's plasma Contains Proaccelenin Proaccelenn Del
PU's serum Normal serum Proconvertin Def. Proaccelerin Def

P1’s = pavsent’s, Def = definient.

Tante 38 —The Acturity of the Coagulation Factors in ¥ arious Types of
Plasma and in Seeum

Reagent

Freeh Aged Abeorbed
Actisity of Normal Notmal Normal Normal

Plasma Plasms Serum Plasma
Prothrombin + + 0 1]
Proaccelerin + o [ +
Proconvertin + + + o
AHG + ) o +
rTC + + + [}
PTA + + + +

+. present, O, deficient

Serum

Allow blood to clot at 37 C. for two hours. Centrifuge and remore
the serum Aflow the serum to stand at room temperature for 24
hours Before u<e, decalcify the serum with one-fifth volume of

0 I M sodium oxalate. This preparation is deficient in accelerin but
not deficient 1n convertin,

Aged Plasma
Draw 4.5 ml of venous blood under sterle conditions Add the
blood to a stenle centrifuge tube containing 0.5 ml of 0.1 M sodwum
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oxalate. Mix and centrifuge to obtain the plasma. Place the plasma
m the refrigerator at 4 C. under sterile conditions for about one
month. Then store the plasma in 1 ml, amounts in small tubes
frozen at —20 C Under these conditions the plasma can be stored
indefinitely. This preparation is deficient in proaccelerin. When
used alone in the Quick test it should give a clotting time in excess
of 60 seconds.

Absorbed Plasma (see p. 121)

This preparation is deficient in prothrombin and in procomertin

Dicumarol Plasma

Obtain oxalated plasma from a patient who has receised dicu-
marol for 3 to 4 days Although the clotting time by the Quick
methed will be prolonged, the plasma will contamn a moderate
amount of prothrombin but will be defictent in proconvertin. This
preparation must be used within an hour after the blood is with-
drawn

REFERENCE
OnEy, G A, Jo, Many, F D, Hury, M H, anp Strekagy, J M - Evaluanon of
disorders of blood ceagulation 1n the chnical laboratory Am J, Chn Path
25 1417, 1955

Prothrombin Consumption Test

Technic

1. Remove serum from one of the two tuhes used for the clolting
time of whole blood (p 110} exactly one hour after the blood has
clotted. If clot retraction is adequate, 0.1 ml of serum can e
taken directly from the tube. If necessary, centrifuge the twbe for
three minutes at 1500 to 2000 R.P.M. in order to frec the serum
from the clot. Perform the test within 5 minutes after the serum
1s removed from the clot.

2. To a small test tube (13 x 100 m! ) add 0.1 ml of lhrorr}bﬂ‘
plastin solution previously warmed to 37 C, 0.1 ml of ‘luanurg
sulfate absorbed plasma, 0 1 ml. of 0025 M calcium chloride a(:
finally 0.1 m). of the test serum The stop watch js started at the
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tyme of the addution of the test serum and the clotting time is deter-
mined in the same manner as in the prothrombin fime method

(Quick) (p 11$).

Comments

1. There are a great many modifications of the prothrombi

consumption test. The above method is chosen because of its sim-
plicity. It is as sahs(aclory as any ul’ the simpler modifications.

2. All of the § g the withd 1 of blood
for the clotting time (p. 111} apply also to Ihc prolhromhm con-
sumptjon test. L)kemte the p g the
of the prothrombin time by the Quick method al:o apply to this
method.

3. The time intervals given above must be adhered to 1f re-
producible results are to be obtained.

4 The barium sullate absorbed plasma must be prothrombin-
free,

5 It 15 always desirable to perform the test in duplicate or
triplicate,

6 This test is considerably more sensitve n detecting a de-
ficiency of thromhoplastin formation than is the whole blood clot-
ting time

Interpretation

1. With activation of thromboplastin, thrombin is formed and
the prothrombin is utilized (consumed). Without activation of
thromboplastin, thrombin does not form, and a large residual of
prothrombin remains in the serum. This test is devised to measure
the residual prothrombin activity in the serum and is an indirect

bonlasti s

of thrombop .

2. Unfortunately, this simple one-stage method 13 not specific
for the of residual prothrombin actiity. In addition
to the ted hromb |he thrombin time of serum

depends upon (a) the thrombin formed during and after coagu-
lation which has not been absorbed by fibrin or neutralized by

the natural antithrombun, (b) the “accelexalor eﬂect of the serum.
{cj the of

P lerin not d during coagu-
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lation and (d) an adequate supply of fibrinogen. By allowing the
blood to incubate for an hour after coagulation has occurred, most
of the thrombin is neutralized by the natural antithrombins. This
variable may be further controlled by incubating the separated
serum at 37 C, in the presence of citrate. Neutralization of throm-
bin takes place more rapidly in the absence of a clot and the citrate
prevents any further formation of thrombin. However, this addi
tional step is nsually not required for the routine diagnostic method
By supplying adequate amounts of proaccelerin and fibrinogen in
the barium sulfate absorbed plasma, these two variables are satis-
factorily eliminated. However, the “accelerator effect”* of sermm is
not eliminated, Fortunately, the serum accelerator effect does not
mask defective prothrombin consumption because the two factors
are present in an inverse relationship to one another. Thus, when
there is a high residual activity of prothrombin, the amount of
accelerator is low. When there is a low residual activity of prothrom-
bin, the high level of accelerator has little effect since there is
Little prothrombin on which 1t can act. The result 15 that although
there are many theoretically valid objections to the test, jt is 2
very useful one for chinical purposes. 3

3 In hemophiha (AHG, PTC and PTA deficiencies) and in
patients with thrombocytopenia an abnormally high prothrombin
actwity 1s found in the serum because of inadequate activation o
thromboplastin.

4, By this method, a serum prothrombin time of 26 secor‘lﬁi
or more is normal when a thromboplastin solution s used which
gives a normal plasma prothrombin tme of 12 to 17 seconds
Values of less than 22 seconds may be considered abnormal

5 By diiding the plasma prothrombin time m seconds by the
serum prothrombia time in seconds and muluplying the result by
100, a “prothrombin consumption index™ can he dc:m’ed. T!\“
grves the per cent of the total prothrombin activity which remains
1n the serum after coagulation Normally, this is less than 30 per

cent.

Reagents
Thromboplastin (see p. 118)
Barium sulfate absorbed plasma (see p 121)
Calcium chloride (0025 M) (see page p 121)
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REFERENCES

I R. L Hemophiha and hemophihia ke discaces caused by defi
e 1 phasma thromboplachia factorss ants hemophtic globuba (AUGH,
plasma thromboplastin companent (PTC) and plasms thromboplastin ante-
cedent (PTA). At J Med 17+ 57, 1954,

2 Sterasmug, M anp Crosny, W. I Serum prothrombin time, 8 compaute
effect. Am. J. Chin Tath 20, 1026, 1950

3 —— aND ——; The onestage prothrombn consumphion Test, Blood 5. 96,
195

Presumptive Tests for Differentiation of the
Types of Hemophilia

Technic

1. Set up 8 clean test tubes {13 x 100 mm.) with an inside
diameter of 11 mm. and a precalibrated mark on the side at a level
of 11 ml, Label the tubes 1a, 1b, 2a, 2b, 3a, 3b, 4a, and 4b.

2. Add 0.1 ml. of 0.85 per cent saline to tubes 1a and b,

3. Add 01 ml, of barium sulfate absorbed normal plasma to
tubes 2a and 2b,

4. Add 01 ml of fresh normal plasma to tubes 3a and 3b

5 Add 01 ml. of aged normal plasma to tubes 4a and 4b.

6 Draw venous blood from the patient and carefully fill each
tube to the 1.1 ml mark

7 Determine the whole blood clotting time by the method out-
hined (p 110) on the 4 sets of tuhes

8 After coagufation has occurred determine the serum pro-
thrombin time (prothrombin consumption test, p 124} on one of
each of the four pairs of tubes.

Comment

1. The [ g the p and sources of
errot n the determmation of the clotting time (p. 111), plasma
prothrombin time (p 115), and serum prothrombin time (p. 121),
apply to the above method,

2 Aged normal plasma 1s deficient 1n AHG but contains ade-
quate amounts of PTC and PTA (table 38). Barium sulfate ab-
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sorbed plasma is deficient in PTC but contains adequate amount
of AHG and PTA. Normal serum is deficient in AHG and ma
be substituted for the aged normal plasma, or may be used i
addition to it. However, serum may at times correct the clottm;
time of plasma-whole blood mixtures due to reasons other thar
the presence of AHG.

3. At times barium sulfate absorption incompletely remove:
PTC from normal plasma. In tests on patients with a muld PT(
deficiency, this may be a source of difficulty. The amount remain
ing in the plasma may be enough to almost completely correct the
defect, Reabsorption of the test plasma with barium sulfate, or
use of plasma ily deficient in PTC o} d from a severely
affected person known to have the condition, obviates this difficulty.

4 Plasma from a patient with AHG deficiency will not correct
the whele blood clotting time of a patient with AHG deficiency but
will correct the clotting time of the blood from patients with either
PTC or PTA deficiency. Plasma from a patient with PTC deficiency
will not correct the whole blood clotting time of a patient with PTC
deficiency but will correct the clotting abnormality of blood from
patients with AHG or PTA defictency. Plasma from a panent with
PTA deficiency will correct the abnormahty in the blood from
patients with AHG or PTC deficiency, but not PTA deficiency. If
fresh plasma is reacily available from patients with these three
types of coagul hisorders, such rection tests ave uselul
and may be substituted for the test outlined above, or used a5 2
confirmatory procedure. However, they are not necessary to estab-
lish a diagnosis,

Interpretation

1. The results of the correction studies are summarized in table
30. If the abnormality 1s not corrected by fresh normal plasma,
the presence of a circwlating anticoagulant 1s suggested .

2. The clotting time of the whole blood of patients with mild
AHG, PTC, or PTA defictency may be normal, or nearly normal,
Under these conditions it is not possible to either detect the presenct
of an abnormality by the whole blood clotting time or to study it
correction. Study of the serum prothrombun time is much mose
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sensitive han the whole blood clowting o times and \\\ere(ow ore
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Fresh parwm Aeed

Condition Normal ulfate Normal Normsl
Plasmd Abmvbe Plazma Serurn

Plasme
MG Defioene? Yes Yes No No
PIC Defewens? Yes No Yes Yes
¥TA D Deficiency Yes Yest Yed Yest
e — i

— fes

hal

T Goreeetion WY 1 only pat

Reugen!s

Bartum suljate ubsorbtd normal plasmé {see P 121)
Fresh norme plasme sce po b
Aged normal plasme (see P 123)
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Presumptive Tests for Fibrinogen Deficiency

Technie
1. If fibrinogen is absent, the blood will be incoagulable. A
simple test to difl afibrinog ia from the hemophiti

diseases is to add several drops of thromboplastin solution to a
small amount of incoagulable blood in a test tube. If the blood
promptly coagul there is a deficiency of thromboplastin and not
fibrinogen. If the blood does not coagulate after the addition of
L plastin, fibrinogenopenia may be the cause.

2. Slowly heat a specimen of oxalated plasma to 60 C. If the
plasma remains clear, a diagnosis of afibrinogenemia can be made
since fibrinogen coagulates at 58 C.

Examinations Concerned with Hemolytic
Disorders

In the study of a patient 1n whom hemolytic anemia 13 suspeclefi.
it is necessary to first determine whether or not a hemolytic anemia
is present. In this regard, the importance of the blood smear must
not be minmmized.

The simple diagnostic features of a hemolytic anemia are Tisted
in table 40. The methods for these determinations are described
elsewhere in this manual.

It must be kept in mind that a “compensated” hemolytic disordfr
{hemolytic disease) may be present. In this event the patient wil
not be anemic but there will be evidences of an increased rate of
erythrocyte production and destruction. On the other hand, in maty
patients the survival time of the erythrocytes may be shortened
only moderately and the bone marrow may be unable 1o produce
cells at a sufficient rate to compensate for the mild anemia In suc
patients there will be a mild anermia but the evidences of mereased
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132 DIAGNOSTIC LABORATORY HEMATOLOCY

TasLE 41 —Classtfication of Hemolyte Anemia

A. Intracorpuscular cauces
L Hereditary spherocytoss (congenital hemolytic icterus)
2 Hereditary non-spherocytic hemolyhe anemia
Hered 1L {

4 P nocturnal b
h
Y

5 Hered hal. sickle cell, ete (aee table 431

B. Extracerpuscular causes
1 Autoantibodies
a  Warm autoantibody type
b Cold autoantsbody type
1) Associated with virus pneumonta
2) Paroxysmal cold hemoglobinuria
2. Isoantibodies
anti-A, anti-B, anti-Rh, antiHr, antiKell, etc (Transfusion reactions,
hemolytic dicease of the newborn
3. Idiopathie (No d bl b or prmary disease)
4 Secondary®
a  Leukemia
b Lymphoma g Sarcod
¢ Carcinoma h Ovanan tumors
i Thrombotic thromhocyto

d  Luver disease i
e Collagen disorders penic purpura

5 Other caunces
a  Infectious agents
b Chemical agents
¢ Physical agents
d Vegetable potsons
& Ammal powons o

f. Myelofibrosis

*Autoantibodies may or may not be demonstralile

In the mitracorpuscular hemolytic anemias the deffecl {csnks
within the cells Thus, when erythrocytes from a patient with av;
intracorpuscular hemolytic anemta are transfused mx? a norma
reciptent, the cells survive for a shortened pertod of time } et
they do in the patient. When erythrocytes from a normal s;x jec
are transfused nto a patient with an intracorpuscular type of hemo-
Iytic anemia, the lifespan of the transfused cells 1s nurmnln ‘:.
hemolytic anemias due to an mtracorpuscular defect are 2 1)
herited disorders, with the possible exception of paroxysma
nocturnal hemoglobinursa. Therefore, mn this group a careful Pln:fﬂg'
of the presence of anemia, jaundice and splenomegaly in relalnes

pst as



e st Dt peanres 1!
Featt?® ——"

1250
e /
Mor

Sv\\ﬂocy\ﬁ‘ o
Ncrmocy\u

Tesedts®? gherst O
esed™? o ue
‘eredse P
Vn“g*m)\ﬂocm(\u\
“tmng\u\nm\(\l
ered? r\]\\(mug\\)\)movl\.\\\u et
wry P s -

O@O'\'

P
ﬂoﬂ\oﬂ\n

pgeroe?™ e B p.\m,mmmc pereda™ sy
o nts Wit JOMKE



134 DIAGNOSTIC LABORATORY HEMATOLOCY

Tasit 43—Ths Heredstary Hemoglobinopathes

Hb | Hb F | Hemolytic | Spleno | Sick- { Miczo- | Hypo | Turget
Condituan 'Type' % | Anema | megsly | g f eyt | chromin | Gaty
None Adult AAl<2| 0 o fof o 0 0
None Newborn AF [5085( O o fol o ° [
Hb § Temt As <z o o |+ 0 a =
Hb C Teart Ac|<z2| o 0 ol a a | 444
Hb D Trant al<2| o o lol o 0 [
Hb E Trat AE|<2| o o [of o 0 [
Hb G Trait Ac|<2| o o {ol o 0 [
Bb 1 Tran AR 08 0 +4 + o] + + +
Hb I Tran Alj<2] 0 o o} o 0 0
Hb J Teat Al | <2 o [} 4 o o o
Hb K Trat x| <2| o o o] o 0 [
Sickle Cell Anemia ss [226{+4+4+{ O [++] o [ +
Homozygous C o lor| ++ ++ [ o] = = [HHd
Homozygous I DD | <z + ] o + + ++
Homozygous E EE | 26 | ++ o {o|++] 0 [+++
Homazygous G 6G | <2 0 o {ofo [ [
Sickle Cell—Hb C sclos| ++ + L+ + +
Sickle Cell—Hb D SDf<2| 4+ + [+ + + +
Sickle Cell—Hb € sc | <2 o a +] 0 0 *
Thalassemsa Major AF 11090 +++4 (++4++] O [+4++( ++ [ ++
Thalassemsa Munor AA | <2 + + ol + + +
Thalassemia-Sickle AS 117 ++ + + + + +4+
Thalassemsa Hb € AC | <2 + o o | + = [ 4+t
Thalassemus Hb E AE [2040] +4+ [ ++4 | 0 [+++] 4+ [ HHE
Thatassemia Hb G c | <2 + [ o | + + +
Thalassemua Hb H AH [ os [ 4+ + (o] + + +
Thalassems Hi SHHC | SC ++ + |+ |+ + |+t
s | 4+ + |+ + + | ++

Thalasserma Hy SHV G | SG.

reported. As a general rule the homozygous state usually n‘s{]lts
n a definite hemolytic anema of variable seventy An esceplion
to ths rule 1s Hb G disease. However, even though these patients
have almost 100 per cent Hb G 1t has not yet been clearly demon-
strated that the patients are truly homozygous for the Hb G gene.
As another general rule, heterozygosity for two abnormal hemo-
globin genes usually results i hemolytic anema. H?\\C\C}'. the
gene for Hb G, ether alone or n various compmations, is not

8

iated with a

disturbance. Another rule
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malaria, etc.), physical agents (burns), vegetable poisons (fma
beans, etc.} and animal poisens (snake venoms).

The nomenclature of antibodies is rather confusing to the novice
and, therefore, the definitions which follow may be helpful.

Agglutinins are antibodies which cause agglutination of red cells
The antigen of the red cell is called an agglutinogen. Complement
is not necessary for agglutination to occur.

Hemolysins are antibodies which cause hemolysis of red cell>
in the presence of complement,

Autoantibodies are antibodies which are capable of acting on
the patient's own corpuscles.

Isoantibodies are antibodies which are capable of acting o
corpuscles from normal subjects. Isoantibodies may be ‘“non-
specific” L.e., they act on erythrocytes independently of their blood
group. They may be “specific”; i, they act only on red cells of
a certain blood group.

“Complete” antibodies are antibodies which are capable of caus-
ing agglutination or hemolysis in the presence of saline.

N/ plete” can be d 1 in four ways: by the
antiglobulin (Coombs’) test, by means of trypsinized corpuscles, by
titration m an albtmin medium rather than a saline media. and by
titration 1n the presence of large amisometric molecules.

Warm antibodies are antibodies wlich act maximally at 37 C.
They act as p bodies. They fonally act as com-
plete agglutinating antibodies and rarely bring about hemolysis in
saline media.

Cold antibodies are antibodies which are only shghtly actite or
completely mactive at 37 C. and are markedly potentiated l.))' cold.
Cold antibodies act as “complete” agglutinating antshodies and
under certamn circumstances may cause hemolysis They may sbo
act as “incomplete™ antibodies .

Dacte has divided the autormmune hemolytic anenuas into tho
types. those assoctated with a warm antibody, and those aseociated
with a cold antibedy (table 44}, There are two rather distinct types
of cold antibodies

In the warm antibody type there is an mcomp)c_le uutonnlﬂ:od)'-
The optumum temperature for the indirect globulin test 15 37 C!-‘
and the antibody titer 1s little affected by .ﬂcrdlﬁcﬂllon or by bheat:
g the serum Complete warm agglutinins and hemolysins are

E
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this condition the cold autoautibady, known as the Donath-Lond-
steiner antibody, is a “complete” hemolysin. The distinctive and
remarkable {eature of this antibody is that fixation on to the ery-
throeytes takes place only in the cold, and hemolysis occurs in
the presence of complement after warming. The optimal pH for
this antibody is 7.0 to 8.0. It also causes agglutination as well
as strong sensitization to antiglobulin serum.

‘The 1ype of autoanubody present can be differentiated by the tests
outlined herein, These tests have been largely adapted from pro-
cedures described by J. V. Dacie, The Haemolytic Anaemias, Con-
genital and Acquired, New York, Grune & Stratton, 1954, This is a
very excellent, comprehensive summary of the hemolytic anemias
and the stodent 1s referred to this book for more elaborate and
specific studies than are outlined herein.

Direct Antiglobulin (Coombs’) Test for
incomplete Antibodies

Technic

1. Draw 10 ml of the patient’s blood into a syringe previously
warmed to 37 C. Place the blood in a centrifuge tube (15 mi.}
previously warmed to 37 C. and allow the blood to clot undisturbed
at 37 C. m a water bath. Centrifuge at 2000 R.P.M. for 10 mu-
utes. Draw off the serum and store it in a test tube immersed in
a water bath (37 C.). Disrupt the clot and remove the fibrin portion.
Fill the centrifuge tube with physiologic saline (0.85 Gm /100 m} )
previously warmed to 37 C Centrifuge at 1000 R.P.M. for 2 min-
utes Draw off and discard the saline. Repeat the washing procedure
two more times,

2. Transfer 0.2 ml of washed packed cells to a clean centrifuge
tube (15 mb.), Fill the tube with saline and wash the cells repeatedly
with saline until spontaneous agglutination has been chm\vnaled
The cell button should resuspend easily without gross clumping.

3. Prepare a 2 per cent cell suspension by the addition of

1. of phystologic saline
10;," Placl:: %‘Z mll; of the 2 per cent cell suspension n & clean
test tube (10 x 75 mm.}.
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5. Add 0.2 mb- of anti-human g,\o\m\‘m (Coom\»s‘) aerum.
14

6. Incubal® for 31 C: fo
1 Centrifug o REM. for oD inule and read for aggle-
yination- i jone bY E ntly T ting b 1 times
with 8 very shght ;rist motio® paul the Als are X om the
ottom of the tube: A bright ¢ see of vi ible hight tite back
ound 258i'® in readtod th es. The deg { ag Jutination
" graded 83 \! 1 gg,\u\'ma\'lon, 2 weak eaction und! es-
yonsbly rent the cm\lm\. 24, md small b wil
pinkness of 1 crounding . 3+ Yarge PP with clear
surrounct fuids 2881y agg\u\in;\non i all of pearly
all cells
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\n\evpve\u!ion
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reactions can and do occur. False positive reactions may result from
(a) sensitization occurring in vitro, or (b) from a *nonspecific
reaction.” False negative reactions may result from (a) the use
of relatively impotent antiglobulin serum, (b) insufficient removal
of the plasma or serum from the erythrocytes, or (c) the use of
an inappropriate dilution of the antiserum.

Comments

1. Satisfactory antiglobulin serum can be purchased from com-
mercial sources.* Care should be taken to purchase a serum that
bears a National Institutes of Health license number. This certifies
that the serum meets the minimal requirements of the National
Institutes of Health, namely: “(a) Anti-human serum shall give 1+
agglutination of red cells exposed to the greatest dilution of the
anti-Rh, (Anti-D) serum which will react with those cells in albumin
or comparable diluent, (b} the fimshed product when diluted at
least 1:4 with saline shall give no less titer value for the anti-Rhs
(Anti-D) antibody than the undiluted anti-human serum, and (c}
a protocol of a satisfactory potency test shall be submitted and
must 1nclude negative control tests with undiluted anti-human
serum and unsensttized group A and group B cells, and group O b
negative cells exposed to a 1:16 dilution of anti-Rh serum.”

Regardless of the source of antiglobulin serum each new batch
must be tested for 1ts specificaty, 1 e , 1t must not agglutinate washed
normal human erythrocytes, If it does so, the antiserum should be
absorbed with human erythrocytes (group O) which have been
washed 10 times with a large volume of saline. The suspension
should stand for at least one hour at 4 C. If the antiserum still
agglutinates norma) cells, the absorption should be repeated with
group A-B cells. or mixed A and B cells, which have heen washed
adequately with saline.

The potency of each batch of antiglobulin serum may vary con-
siderably. Although the serum may be capable of agglutinating
cells strongly sensinzed 1n undiluted anti-D serum, it may be in-
capable of agglutinating cells weakly sensitized to ants-D) or to other

*For example Scientific Praducts Divieion, Amencan Hospital Supply Corp-
Evanston, 11l . Octho Pharmaceutical Corp. Rantan, N J, Certified Blood Donor

Service, Inc. Jamaica, N Y
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antibodies, Therefore, 1t is always advisable to ttrate its ability
to agglutinate erythrocytes sensitized to antibodies such as anti-D
(p. 142) and the incomplete cold antibody which is usually demon.
strable in normal serum.

Cold antibody-sensitized cells can he prepared by suspending
one volume (50 per cent suspension) of washed graup O erytimo-
cytes (obtaned from coagulated blood) in 9 volumes of fresh
normal serum. The suspension is kept at 6 C. for two hours and
then centrifuged and washed in three changes of saline warmed to
37 €. Serial twofold dilutions of the antiglobulin serum are made
 saline, and the direct antiglobulin test js performed as ovtlined
above. The end point is the highest dilution giving a 14 aggluti-
nation.

The antiglobulin serum can he stored at 2 C, for a peniod of
1 year without {oss of potency. Preservation is enhanced hy storage
at minus 10 C or lower.

2. The tells should be drawn on the day of the test. They may
be ohtained from oxalated, citrated, heparinized, coagulated or
defibrinated whole blood. The procedure recommended vnder Tech-
nic for the separation of cells and serum permits separation of
cells and <erum under optimal conditions for all of the different
antthady studres. 1f only the darect antiglobulin test is ta he per.
formed blood contaimng one of the above anticoagulants may be
used and the cells need not be washed with warm saline.

3. I the clotted or defibrinated blood is chilled prior to the
test, the reaction may he positive due to absorption of incamplete
cold antihodies normally present 1 human sera This patfall may
be averted by collecting the blood as described under Technze.

1. “Nonspecific” reactsons may occur rarely with blood from
normal subjects and not uncommonly with blood from patents
with hyperglobul! even if the possibility of chilling 1 witro
has been excluded The “nonspecific” reactions are usually weak
ones and are present only 1n high concentrations of a potent anti-
globulin serom  When such reachions are suspected the test should
be carned ont in several dilutions of antserum.

5 Since the end point of the test 15 agglatination, the cells must
be washed sufficiently to e! P lutination. False
positive agglutination may also result from high speed centn-
fugation
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6. Human serum, if present, may neutralize the antiglobuhn
reagent and result in a false negative reaction. Therefore, extreme
precautions about cleanlness of glassware and saline are necessary
to avoid introduction into the test tube of even minute amounts of
serum The tubes must not be inverted for mixing since such a
procedure involves the use of a potentially serum-contaminated
finger or cork. The saline used for washing should be introduced
foreibly into the tube to disperse the red cells in the saline.

7. The test can be quantitated by preparing serial fourfold
dilutions of the antiglobulm serum in saline. This is done by plac-
ing 0.3 ml of salme into each of 6 small clean test tubes. One-
tenth ml. of antiglobulin serum is added to the first tube (1 in 4
dilution) and the contents are mixed by swirling the tube. One-
tenth ml. of the 1 in 4 dilution is then added to the second tube
and the contents are mixed as before. Repeat this procedure in
each tube thereafter. Two-tenths ml. of each of the six dilutions
(1:4, 1:16, 1.64, 1:256, 1:1024 and 1-4096) is then added to
0.2 ml. of the 2 per cent cell suspension and the test performed as
outlined above, It should be kept in mind that the potency of a
new batch of antiglobulin serum may vary considerably from the

previous batch,

Determination of the Potency of the
Antiglobulin (Coombs’) Serum*

1. Because of the avarlability of the “blocking™ or “incomplete”
anti-D (anti-Rh,) serum and D-positive (Rha) red cells as reagents,
determination of the potency of anti-human serum 15 based on the
ability of the serum to agglutinate red cells sensitized with minmal
amounts of anti-D serum. An anti-D serum should be selected which
contains anti-D antibodies which are not demonstrable with D-
positive red cells 1 saline medium and which, when tested 1 2
20 per cent albumin solution, causes agglutination when the serum
1s drlated 1 61 or greater .

9. In order to demonstrate the potency of the sensuizing anti-)
serum, prepare serial twofold dilations (1:2 to 1-512)% of the

*5fimumal requirements’ Aots human serum for the anuglobubn test, Napanat
Institutes of Health

4A dilution of 1 2 means 1+1
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serum in 20 per cent albumin solution. Carry over of higher con-
centrations of serum 1o the tubes of greater ditution must be avoided
by the use of separate pipets for each dilution

3. To each tube add an equal volume of a 2 per cent suspension
of washed group O, D-positive (Rho) red cells suspended in 20
per vent albumin. The cells should be drawn on the day of the test
as oxalated, citrated, clotted or defibrinated whole blood.

4. Incubate the tubes for 1 hour at 37 C. Centrifuge the tubes
at 1000 R.P.M. for 2 minutes The end point is the greatest dilution
giving a 1+ agglutination.

5. In order (o sensttize the red cells prepare a 2 per cent sus-
pension of washed group O, D-positive cells in physiologic saline
(0.85 Gm./106 ml.).

6 Prepare serial twofold dilutions (1:2 te 1:512) 1n saline of
the anti-D “incomplete antibody™ serum in 2 ml. amounts.

7. Add 2 m}, of the red cell suspension to the various dilations
of anty:D serum and mix thoroughly.

8, Place the tubes 1n a water hath or incubator at 37 C. for
30 minutes.

9. Remove the tubes and wash the red cells by adding 10 ml.
of saline to each tube. Centrifuge at 1600 R.PA. for 2 minutes
and withdraw the saline as completely as possible. Repeat this
process until 3 washings have been made. Restore the washed cells
to 2 ml. with saline.

10. To test the potency of the antiglobulin serum, prepare 6
tubes contamng 1 ml amounts of the antiglobulin serum diluted
1n sakine in twofold steps from the undiluted preparation to 1:32,

11 Prepare 6 sets of 9 tubes each containing 0.1 ml. of sensi-
tized red cell suspension. Each of the 6 sets of tubes will contain
red cells exposed to decreasing amounts (1-2, 1:4, 1-8, 1:16, 1:32,
1 64, 1:128, 1:256, 1:512) of anti-D antibody.

12 To each et of O tubes exposed 1o decreasing amovnts of
anti-) antibody, add 0.1 ml. of the antiglobulin serum. The first
set of 9 tubes receives undibted antiglobulin seram. The second
set recewves serum diluted 1 in 2 with saline: the third, serum
dhluted Lin 4, ete

13 Mix the contents of each tube and place them in a water

bath at 37 C for 30 mnutes. Centrifuge at 1000 R.PM, for 2
minutes.
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14. The end point in each of the 6 sets of 9 tubes is the tube
having the greatest dilution of anti-D) antibody in which the cells
show definite (1+) macroscopic agglutination.

15. A potent antiglobulin serum will give a 14 agglutination of
red cells exposed 1o the greatest dilution of anti-D serum which
will react with those cells in albumin media.

16. Three control tubes, one with washed unsensitized group A
cells, a second with washed unsensitized group B cells, and a third
with group O Rh negatne cells exposed to 1:16 dilution of anti-D
serum should be negative.

Indirect Antiglobulin (Coombs’) Test for
Incomplete Antibodies

Technic

1. Serum s obtained from the patient as outlined for the durect
antiglobulin test (p. 138). Acidified serum is prepared by adding
0.2 ml. of 0.25 N hydrochleric acid to 2,0 ml. of serum.

2. Normal erythrocytes, group 0 CDe/cDe (R:R.) and serum
are obtained from blood allowed to coagulate at 37 C. The cells
are then washed three tumes with large volumes (10.1) of sn]inf.
Fmally, a 20 to 30 per cent suspenston of the erythrocytes in
physalogte saline is prepared in a graduated cyhnder The cells
must be obtained the day they are used and the suspension should
not be made until it 1s required for use.

3. Number 9 small test tubes {talle 45)

4. Place 0.3 ml. (6 drops) of the patient’s unacidified serum m
tubes 1, 2 and 4

5. Place 0.3 ml of the patient’s actdified serum 1 tubes 5, &
and 7
6 Place 0.3 ml of normal unacidified serum in tubes 3, 6 and 8.

7. Place 0.3 ml of normal acidified serum in tube 9

8. Place tubes 2 and 7 i a water bath or incubator at 56 C_.
for 30 minutes and then allow tube 2 to cool to 37 C and the 7
to cool to room temperature 120 C.)

9. Place tubes 1 and 3 in a water bath at 37 C. to allon the

serum to warm
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10. Add one drop {005 ml} of the suspension of erythrocytes
to each tube, The cells added to tuhes 1, 2 and 3 should have heen
previousty warmed to 37 C.

11. Incubate the first three tubes at 37 C. for at least 2 hours
Allow tubes 4 to O to stand at room temperature (20 C.) for a
similar period of time.

12, Add warm (37 C.) saline to all of the tubes and centrifuge
a1 1000 R.PM. for 2 minutes, Wash the cells two more Vimes with
warm saline,

13, Add 0.6 ml of physiologic saline to each tube and mix well

14, From each of the 9 tuhes set up duplicate tubes each con-
taining 0.2 ml. of cell suspension.

15. Add 0.2 wl of antihuman globulin (Coombs’) serum
diluted 1 in 4 to each of the 9 tubes. Add 02 ml. of antiglobulin
serum diluted 1 10 64 to the duplicate set of tubes.

16 Proceed as outlined for the direct antiglobulin test.

{nterpretation

1 Warm antibodies are most active at 37 C. The cell suspension
and serum must be warmed to this temperature before mixing and
the cellserum suspension must be diluted in a large volume of
warm saline before removal from the water bath, as a preparation
for centnfugation. Warm antibodies are enhanced ltle or not
at all by an acid pH The absorption and fixation of warm antibodies
15 not influenced appreciably by the presence of complement and,
therefore, the test can be carried out on heatinactivated serum
Frequently, warm bodies are aggh d most strongly in
relatinely highly diluted antiglobuhn serum. Therefore, when deal-
tng with an unknown antibody 1t 13 best to run the test with 1 1n
4 and 1 1n 64 dilutions of the antiglobulin servm,

2. Cold antibodses are most active at 20 € Tests run at D 10
2 C may be falsely positive due to incomplete cold antibodies
present in normal sera The sensitizing abihity of pathologsc incom-
plete cold antibodies 15 markedly enhanced by acidification and
complement is required for fixation Cold antibodies fail 10 sensitize
erythrocytes 1n serum which has been previously heated, I
the serum i )t

5 plete p
deficient i complement 1t 13 advisable

n cose
gic cold antibodies 15
to add normal serum,




146 DIAGNOSTIC LABORATORY HEMATOLOCY

TABLE 45 —Indurect Antiglobulin Test

Ch istic Reactions of Incomplete Warm and Cold Antibodies
Agglutinstion
Tube Temperature  Serum Acd Warm Cold
°C
1 37 P - ++++ 0, +
2 37 P (Heated) -~ ++ 0
3 37 N ~ 0 o
4 20 r - 0 +
5 20 P + [ +4++
6 20 P+ N + 0 FH++
7 20 P (Heated) + 0 0
8 20 N - ¢ 0
9 20 N + 0 0

P = patient, N = normal.

Erythrocytes sensitized by cold antibodies are more strongly agglu-
tinated in concentrated antiglobulin sera than in diluted sera.

Comments

1. 1 a warm antibody 1s detected, its activity can be tirated
Fourfold dilutions of the serum are made in saline This is done
by placing 0.3 ml. of saline into each of 5 small test tubes. One-
tenth ml of serum 15 added to the first tube (1 w4 dilution) and
the contents are mrxed by swirling the tube. One-tenth ml. of the
1 in 4 dilution 1s then added to the second tuhe and the contents
mixed as before Repeat this procedure mn each tube therealter.
Two-tenths ml. of each of the five diluttons (1.4, 1-16, 1 61, 1-256,
1.102%) 1s then added to 02 ml. of a 2 per cent cell suspension
of normal erythrocytes (group-0 CDe cDE) wlich have heen
washed three times. After two hours at 37 C, the cells are washed
three times with a large volume of saline, 0.2 ml. of antiglobulin
serum (diluted 1,611 1s added and the direct antiglobulin test 15
performed.

2, If a cold antibody 13 detected its potency can be utrated by
mahkng fourfold dilutions of the patient’s acidtfied serum 1n acidi-
fied normal serum. The normal serum, prior to acidificatron, must
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have been incubated three times for one hour at 2 C. with an equal
solume of washed packed group0 erythrocytes in order to remove
normal i plete cold antibody. The antibody titration is carried
out as for the titration of warm antibodies except that the sensitiza-
tion is carried out at 20 C. and the cells are washed three times
w warm (37 C) saline.

3. If desired, the specificity of the warm or cold incomplete
antibody can be determined by the use of a panel of normal erythro-
cytes of known blood groups and types. A manual on hload typing
should be consulted for this purpose. Also, the thermal amplitude of
the anubody can be determined by titrating the antibody st various
temperatures such as 2 C., 10 C,, 20 C., 30 C. and 37 C.

Trypsin Test for Incomplete Antibodies

Technic

1 Normal erythrocytes, group-0 CDe/cDE are obtained from
oxalated, citrated, or coagulated bloed. Transfer 0 5 mi, of packed
cells to a 15 ml. centnfuge tube and wash the cells three times with
10 to 15 ml of saline, The patient’s serum is obtained from blood
allowed to clot at 37 C.

2 Twodenths ml. of washed, packed, normal erythrocytes are
added to one ml. of 0.1 per cent, buffered trypsin solution (p. 148},
The mixture 13 incubated for one hour at 37 C. The “trypsinized”
corpuscles are then washed mn three changes of saline and finally 10
m! of saline are added to make a 2 per cent cell suspension

3, Fourfold dilutions of the patient’s serum are made i sahne
s0 as to give serum dilutions ranging from undiluted serum to
serum diluted 110 1024 (p 142).

4 Number 7 small test tubes. Add 0.2 m\. of saline 1o the first
tube, 0.2 mi of undiluted serum to the second, and 0.2 m. of each
of the serum dilutions (1-4, 1:16, 1:61, 1:256 and 1:1021\ to
the remaming twbes Place the tubes in a water bath at 37 C. 10
allow them to warm.

5. Warm the one per cent suspension of “trypeinized” carpuscles
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to 37 C. and add 0.2 mlL (4 drops) 1o each tube.

6. Incubate all 7 tubes in a water bath for 2 hours at 37 C.

7. Examine the tubes for agglutination and grade the degree
of agglutination from 0 to 4+ (p. 139).

8. Centrifuge the tubes ar 1000 R.P.M. for 2 minutes and
examine the supernatant solutions for hemolysis.

Comments

1. Because of the presence of a trypsin whibitor in normal
serum, the cells must be washed free of serum.

2. A nonspecific agglatination may occur with normal sera if
the enzyme-treated cells and the sera are not warmed prior 10
incubation. A nonspecific agglutination may also oceur with some
normal sera 1if the concentration of the enzyme and the period
of incubation of the cells with the enzyme are excessive. For this
reason it 1s advisable to standardize the method with several differ-
ent normal sera. If agglutination occurs, the peniod of incubation
of the cells with the enzyme should be reduced to such a period
of tme that nonspecific agglutination does not oceur with normal
sera

3. The titer of the antibody varies with the activaty of the enzyme
preparation, the enzyme ation, cell pH, and
time of incubation. The results will be comparable from one serum
to another only if all of the above factors are kept constant.

4. The warm incomplete antihodies of acquired hemolstic
anemia will almost always agglutinate trypsimzed cells at 37 €.
In some patients antibodies may be demonstrable using “tryp:
simzed” cells and may not be demonstrable by the use of anly-
globuln serum. Less ly, these warm antibodies will sensi
tize normal corpuscles to antiglobulin serum and fail to agglutinate
“trypsimzed” red cells. Occasionally, warm hemolysins may be
detected by the enzyme technic. “Trypsinized” cells are agglutinated
by complete cold agglutinins more quickly and intensely thap are
normal corpuscles. The agglutiun tter is ncreased and the vpper
thermal Imt for agglutination raised Cold annbodies may
hemolyze enzyme-treated cells even n unacidified serum

Reagents )
Trypsin Solution. A 1 per cent stock solution of crystalline trypsin
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in ditute hydrochloric acid is made as {ollows:
Crystathine trypsin (Armour) 0.1 Gm.
Hydrachloric acid 0.05 N t6 make 10 ml,
This solution will keep for several months at 4 C. A duute work-
ing solution is made from the concentrated stock solution as follows:
Trypsin solution ( 1 per cent) 1 ml.
Thosphate buffer (pt 7.7, 0.1 M} 9 wl.
The dilute (0.1 per cent) trypsin solution must be prepared
just prior to use
The 0.1 M phosphate buffer (pH 7.7} iy prepared by adding
90.5 ml. of a 163 per cent solution of anhydrous Na.HI"0. to 95
ml, of a 234 per cent solution of Nall;P0:2H.0.

Polyvinylpyrrolidone (PVP) Test for
Incomplete Antibodies

Technic

1. Add 0.1 ml of whole blood or of packed red cells to 0.5
ml of a 5 per cent huffered solution of polyvinylpyrrohdone
(V'S

2. Mix and allow to stand at room femperature unty setthing s
evident {about 15 mm.).

3 Add 15 ml. of physiologsc saline and invert the tube two or
three times

4. Within several minutes after the saline dilution is made, the
intensity of agglutination or rouleau formation is read micro-
scopseally,

5 The presence of short chains containing 2 to 4 red cells 15
scored as 1+, tonger chains and occasional small clumps as 24,
many aggregated rouleau and numerous elumps as 3+, and coarse
macroscopic clumps as 4+,

Comments

Normal unsensitized red cells form rouleau 1n 5 per cent PVE,
but with sufficient dilution with saline the roulean formation does
not persist. On the other hand, the agglutination and roufeau forma-
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tion of sensitized cells persist after dilution with saline. PVP is
more sensitive as a developing agent than either 25 per cent albumn
or Coombs’ serum. The sensitivity and the simplicity of the PVP
test recommend its use as a routine hematologic technic,

Reagents

Polyvinylpyrrolidone (P¥'P) Solution (5 per cent)

PVP 5 Gm.

Phosphate buffer to make 100 ml.

This solution may be kept mn the refrigerator for several weeks.
Polyvinylpyrrolidone (PVP), K-41, molecular weight of 160,000
can be obtained from Schenley Laboratories, Inc., New York, N. Y.

Phosphate buffer

M/15 Sorensen’s phosphate buffer, pH 7.4, is prepared from
sodium phosphate (Merck, reagent grade, anhydrous, dibasic
sodium phosphate, Na,HPO.) and potassum phosphate (Merck,
reagent grade, anhydrous, basic  potassi phosphat
KH.PO,). Dissolve 9.47 Gm. of sodium phosphate wn dustilled water
and make up to 1 liter. Dissolve 9.08 Gm of potassium phosphate
in distilled water and make up to 1 liter. Add 80.8 ml. of the sodium
phosphate solution to 19 2 ml of the potassium phosphate solution.
These solutions may be kept for some weeks n pyrex glass in the

refrigerator.

REFERENCE

JanoL J A awb Castie, W B Agglutinanion of <ensitized red eells by large
anrometric molecules J Lab & Clin Med 47 669, 1956

Presumptive Tests for Complete Antibodies

Technic

1 Draw 10 ml of the patient’s blood into a syringe presv iously
warmed to 37 C. Place the blood 1n a centrifuge tube (15 ml)
previously warmed to 37 C and allow the blood to clot und;sfurlml
at 37 C. in a water bath. Centrifuge at 2000 R.P.AL for 10 minutes.
Draw off the serum and store 1t in a test tube mmersed 1 a water
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bath at 37 C. Disrupt the clot and remove the fibrin portion. it
the centrifuge tube with physiologie saline (685 Gm /106 mi)
previously warmed to 37 C. Centrifuge at 1000 RPM. for 5 min-
utes. Draw off and discard the saline. Repeat the washing procedure
two times, Make a 50 per cent suspension of cells in physiologic
saline by the use of a pipet.
9. Place 6 small test tubes in a water bath (37 C.) and number
the tuhes 1 throngh 6,
3. Add 05 ml. of serum to eack tube.
4. Add 005 mi. of 8.2 N hydrochloric acid to tubes 3 and 1.
Mix by rotating the tubes,
5. Add 005 ml. (one large drop) of the cell suspension to each
of the 6 tubes
6. Tube 1. Centrifuge immediately at 1000 R.P.M. for 2 minutes
and examine the supernate for hemolysis, Save this tube.
Tubes 2 and 3. Incubate at 37 C. for 15 hours. Examine the
red cells pically for Autination, Centrifuge at 1000
R.P.M. for 2 minutes and examine the sopernates for hemolysis.
Tube 4. Intubate at room temperature {15 C, 10 20 €.) for 1.5
hours. Examine the red cells for agglatination. Centnfuge at 1000
R.P M. for 2 minutes and examine the supernate for hemolysis
Tube 5. Chill in an ice bath or refrigerator for 1.5 hours, Ex-
amine for aggluti Centrifuge § diately at 1000 R.P. M. for
2 minutes. Examine the supernate for hemalysis.
Tube 6. Chill in an ice bath or refrigerator for 30 minvtes,
Then, incubate the tube for 1 hour at 37 C. Centrifuge at 1000
1 P.M. for 2 minutes and examine the supernate for hemolysis,

Interpretation

Tube 1. Coutrol tube. If the serum is hemolyzed at the start dye
fo mechameal trauma to the blood there 15 no point 1 proceeding

with the test A fresh unhemolyzed serum must be obtained. 1f the
patient has mavavyemal nactienal N N
‘

‘
biaus, 010 4 1 1 diameter per 10 mi of blood).

Tube Z The presence of agglutination suggests a complete warm
agglutmin This type of anubody 1s rare and may easly be mistaken
for the more common complete cold agglutinin 3 the blood is a1
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any timg allowed to cool below 37 C. Agglutination must also be
differentiated from rouleau formation. The absence of agalutination
L!D?S not exclude the possibility of an “jncomplete™ warm agglu-
tmin,

Hemolysis in this tube (compare with tube 1) suggests the
presence of a complete warm hemolysin, Parocysmal nocturnal
hemoglobinuria (P.N.H.) cells may hemolyze withont acidification
of the serum. If a true complete warm hemolysin is present its
activity should be enhanced at an acid pH (tube 3) and the de-
finitive acid-serum test (p. 159) for P.N.H. should be negative.
The absence of hemolysis in this tube does not exclude the presence
of an “incomplete” warm hemolysin,

Tube 3. If agglutination js present in tube 2 it 1s likely to be
present in this tube, and 1t has the same significance as outlined
above,

Hemolysis in this tube (compare with tube 1) may be due to
either a complete warm hemolysin (see above) or abnormal red
cells (P N.H.) which are hemolyzed at an acid pH 1 normal serum
1 hemolysis is present m this tube, the defimtne test for the
diagnosis of P.N.H. must be performed (p. 159). lf no hemolysis
15 present m this tabe it is unnecessary to proceed further to rule
out P.N.H.

Tube 4 1f a cold agglutinin 15 present it may give a weak
reaction 1n this tube, The optimal temperature for a cold agglutinm
is 2 C. (tube 5) and in most sera the ntensity of agglutination in
strong concentrations of serum is reduced by acidification.

Hemolysis i this tube, partcularly m the presence of cold
agglutimns (tube 5) and mn the absence of hemolysis in tube 3, is
a positive presumptive test for a cold hemolysin. In this case the
definitive test for cold hemolysins should be performed {p. 156)
and the titer of cold agglutinins and hemolysins should be de-
termined 154). If hemolysis 1s absent in this tube 1t 1s unneces-
sary to proceed to the more elaborate test

Tube 5. Agglutimation w thus tube after chilling ndicates the
presence of a cold agglutmin. If cold agglutinins are present the
uter of activity should be determined (p. 154) The presence of
a cold agglutinin i a low tter usuzlly has no clinical sigmficance-
1f agglutination 15 absent in this tube it 15 unnecessary to proceed
to the more elaborate test

Fren if a cold hemolysin 1s present (tube 1) it may not be
demonstrated 1n this tube because the optimal temperature and pli
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for the di ion of a cold hemolysin is about 20 C. and a
pH of 6.5 to 6.8. II the rare cold hemolysin of the Donath-Land-
steiner type is present (tube 6) hemolysis should not be present in
this tube il lt is not allowed to rewarm -'mer chilling.

Tube 6. lysis after i bly due to the
rare cold hemolysin of the Donath- Landslcmcr type. The definitive
test (p. 158) shauld be carried out to establish the diagnosis of
paroxysmal cold hemoglobinuria (P.C.H.). If no hemolysis occurs,
the diagnosts of P.C.H. is excluded except for the highly improbable
posatbality that the serum is deficient in complement.

Comments

1. The degree of agglutination is graded as follows: 14- agglo-
tinatton, a weak reaction vaquestionably different from the control;
2+, many small clumps with pinkness of the surrounding flmd;
34, Jarge clumps with clear surrounding fluid; 4-+, massive agglu-
tinatron of all or nearly all cells

2 The degree of hemolysis is graded as follows: 1+ hemolysis,
pale red supernate which is defimtely deeper in color than the
control; 24 and 3+, increasing degrees of redness of the super-
nates, 4+, complete hemolysis.

3 Tt must be reahzed that negative presumptive tests for “com-
plete” autoanttbodies do not rule out the dtagnosis of autoiurune
types of hemolytic anema. The autoantibodies are far more fre-
quently “i lete” than “complete,” Warm
paroxysmal cold hemoglobmuria, and paroxysmal noclnmal hemo-
globinuria are extremely rare.

Tansr 46 —~Choractersssr Reactions Presumptive Tets for Complete dutibadses

Temperatare Agglutinin Hemolysin D L* PNH?
Tube Acid and Cold Acid
Tume Warm Cold Warm Cnld Hemolysin  Test
1 0 37C,0he ¢ 8 o B
2 0 37C. 15 hr +44+ Q ++ 4 o -
3+ FCIShetH++ 0 b4+ 0 0 dt
4+ 200,15k %= + ++ 4t [ B
50 2€, 15k 0 44+ o ES ° °
6 0 20, 05k
37C v [ ++++ 0

Donath Landsteiner
*Pasoxvwmal Nocturnal Hemoglobinura
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Complete Cold Agglutinins

Technic

1. Draw 10 ml of the patient’s blood into a syringe presiously
warmed to 37 C. Place the blood in a centrifuge tube (15 ml.) pre-
viously warmed to 37 C. and allow the blood to clot undisturbed
at 37 C. in a water bath. Centrifuge at 2000 R.P.M for 10 minutes,
Draw off the serum and store it in a test tube at room temperature,
Distupt the clot and remove the fibrin portion. Fill the centrifuge
tube with physiologic saline (0 85 Gm./100 ml.) previously warmed
to 37 C. Centrifuge at 1000 R.P.M. for 5 minutes. Draw off
and discard the saline, Repeat the washing procedure three times,
Make a I per cent suspension of cells in physiologic saline. This is
done by adding, for example, 0.5 ml. of washed cells to 50 ml.
saline 1 a graduated cylinder. Care should be taken to deliver the
cells directly into the salme. It is advisable to place about one ml.
of the cell suspension 1n a refrigerator (0 C. te 5 C.) for one hour
while the tubes are being set up. Before use, the cells are then
checked macroscopically to be certain that they hase been suff-
ciently washed free of serum to prevent agglutination. If the cells
are agglutinated they must be washed until agglutination no longer
occurs in the cold.

2. Place 17 small, clean test tubes 1 a test tube rack.

3, Omitting tube 1, place 05 ml. of physiologic saline in each
tube thereafter

4. Add 05 ml of serum to tubes } and 2

5. Mix the serum and saline 1 tube 2 by repeatedly drawing
up 0.5 ml amounts wmto a I ml pipet. Transfer 05 ml of thfs
serum-saline mixture to tube 3 and mix as n tabe 2. Repeat this
procedure in each tube thereafter. Remove and discard 05 ml
of the mixture from the next to the last tube (No. 161 Do not add
serum-saline mixture to the last tube (No 17). A final quantity of
0.5 ml of solution remams 1n each tube,

6 Add 0.5 m! of the well stirred red cell suspension to cach
tube. Mix each tube hy gentle rotation.

7. Each tube now contans 1 ml of solution. The last tube
serves as a control on the adequacy of the washmg of the red cells
and should show no agglutination, Starting with tube 1 the dilutions
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Commen, ts
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2. Oxalated, citrated or heparinized blood may be used in place
of clotted blood since complement is not essential for agglutination
to occur.

3. The cells used should be fresh. The serum may be stored,
without loss of potency, for several days at refrigerator temperatures
or for longer periods at ~20 C.

4. Care must be taken in the pipeting of serum dilutions, hecause
small amounts of undiluted serum may line the top of the pipet and
may be subsequently washed into the serial dilutions.

5. The cold agglutination of red cells is known as a “soft
aggregate and as such is easily dispersed by heat and mechanical
agitation  Therefore, the tubes must be read immediately after
removal from the refrigerator and the aggregates must he dispersed
by gentle rotation rather than by shaking.

6 The thermal amplitude of the cold agglutinins can be de-
termimned as described above by preparing 6 sets of 17 tubes. One
set of tubes is incubated at each of the following temperatures:
2C., 10 C, 15 C., 22 C., and 37 C. The complete cold antibodies
are characteristically most active at 0 C. 10 5 C The titer is reduced
as the temperature is raised to 25 C. and agglutination is abolished
at temperatures above 28 C. to 32 C.

”»

Complete Cold Hemolysins

Technic

1. Draw 10 ml of the patient’s blood into a syringe previously
warmed to 37 C Place the blood 1n a centrifuge tube (15 ml)
previously warmed to 37 C. and allow the blood to clot at 37 C.
1n a water bath. Centrifuge at 2000 R.P.M. for 10 minutes. Draw
off the serum and store 1t at room temperature {15 C to 22‘C‘)~
Disrupt the clot and remove the fibrin portion. Fill the centrifuge
tube with physiologrc saline (0.85 Gm./ 100 ml. ] previously w
to 37 C. Centrifuge at 1000 R P.M. for 5 minutes. Repeat the \\a-‘h-
ing procedure two times lMake 3[50 per cent suspenston of cell>
in physiologic saline by the use of a pipet
m; y(]bl:\:\ serum {n})’m fresh normglpbloml t group-0 atlowed
to clot undisturbed at 37 C.

armed
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3, Place 4 small test tubes in a water bath at 37 C. Number
the tubes,

4, As outlined in table 47, add 0.5 ml, of the patient’s serum
to tubes 1 and 3; 0.5 ml, of normal serum to tube 4; 0.25 m} of
the patient’s serum and 0.25 ml. of normal secum to tube 2,

5, Add 0.05 ml of 0.2 N (or 0.25 N) hydrochloric 2cid to
tubes 1, 2 and 4 and mix.

6 Add 005 ml. {one large drop) of the patient’s cells to each
tube, Care should be taken 1o deliver the cell suspension directly
into the serum

7. Incubate the first 4 tubes 3t room temperature (15 C to 22
€.} for two hours. Incubate tube 5 at 37 C. for 2 hours.

8. Centrifuge the tubes at 1000 R.PM. for 2 minutes and
evamive the supernates for hemolysis,

Interpretation

1. The degree of hemolysis is graded as follows: 14 hewmalysis,
pale red supernate which is definitely deeper in color than the con-
trol, 2+ and 3+ increasing degrees of redness; -+, complete
hemolysis.

2. The typical hemolytic reaction of a complete cold hemolysin
15 given in table 47. Hemolysis charactenstically occurs only n
the tubes contaming the patient’s acidified serum (tubes 1 and 2)
which have been incubated at 20 C.

3 A tesperature of 20 C. is optimal for this type of hemolysis
There 15 no advantage n mcubatng at 37 C. alter sensitizing at
20 € It 1s not only unnecessary but undesirable to chill the cells
to 2 €. and then warm to 37 C. Lysis may he diminished at 2 C.
as compared with 20 C.

4 Normal serum is added to tube 2 to allow for the possibility
that the patient’s serum is deficient 1n complement.

S The titer of cold hemolysms may be determimed by making
senal fourfold dibntions of the patient’s serum in acidified (10 per
eent by volume of 025 N hydrochloric acid) fresh normal serum,
and adding to the serum dilutions equal volumes of a 2 per cent
~uspension of erther the panent’s cells or normal (group-O) cells
The tubes should be incubated at 20 C for 2 hours
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TABLE 47—Charactenstie Reactions of Complete Cold Hemolysing

Tube Temperature Cells Serum Acid Hemolysis
005 ml 0.5 ml. 005 ml.
1 nc P P + +
2 2cC. P P+ N + +
3 20C, P P 0 0
4 20C. P N + 0
5 37¢, P P + 0

P = patieat; N = normal

Donath-Landsteiner Test

Technic

1. Draw 10 ml. of the patient’s blood into a syringe presviously
warmed to 37 C Place the blood in a centrifuge tube (15 ml.} pre-
viously warmed to 37 C. and allow the blood to clot. Centrifuge at
2000 R.P.M. for 10 minutes. Draw off the serum and store 1t in
a test tube immersed m a water bath (37 C.). Disrupt the clot and
remove the fibrin portion. Fill the centrifuge tube with physiologic
saline previously warmed to 37 C, Centrifuge at 1000 RP.M. .for
5 munutes, Draw off and discard the saline Repeat the waslm.xg
procedure two times. Make a 50 per cent suspension of cells in
physiologic saline by the use of a pipet.

2. Process 10 ml. of normal blood (group-0) in the manner out-
lined under 1.

3. Place 8 small test tubes in a water bath at 37 C. Number
the tubes.

4. As outhned in table 48, add 0.5 ml. of the patient’s serum
to tubes 1, 3, 4 and 6; 0.5 ml. of normal serum to tubes 5, 7, and
8; 025 ml of the patient’s serum and 0.25 mi. of normal serum
to tube 2.

5. Place tube 3 m a water bath or incubator at 56 C. for 30
minutes and then return it to the 37 C. water bath

6. Add 0.05 ml. (one large drop) of cell suspension of the
patient’s cells to tubes 1, 2, 3, 5, 6, and 7. i

7. Add 0.05 ml. (one large drop) of the suspension of
cells to tubes 4 and 8.

normat
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8. Chill tubes 1 through 5 m an ice bath for 30 minutes and
then incubate the tubes at 37 €. for one hour, Centrifuge at 1000
R.P.M. for 2 minutes and inspect the supernates for hemolysis.

9. Leme tuhes 6, 7 and 8 at 37 C. for one hour, Centrifuge
at 1000 R.PM. for 2 minutes and inspect the supernates for
hemolysis.

Interpretation
Hemolysss in tubes 1, 2, and 4 and not in tubes 3, 5,6, T and &
is diagnostic of paroxysmal cold } lobinuri
Tanse 48 —Donath Landstesner Test
" Tube Serom Cells Temperature Hemolysia
05 mb 005 mi and Time
1 r P +
2 P+ N P +
3 P (Hrated) i e
4 P N 1% b g +
5 N P 2€, 3% br, 37C, ) br o
6 P P 37C, 1 br 0
7 N r 37C. 1 b, )
L} N N 37C. 1 br 0

|

P = pattent, N = nosmal

Acid-Serum Test for Paroxysmal Nocturnal
Hemoglobinuria

Technic

1. Detbrinate 10 ml. of the patient’s blood o 2 small Edlen-
meyer flask containing 10 glass beads (3 10 4 mm. diameter} by
gently rotating the flask vntil the hum of the beads on the glass
18 no longer audible, Decant the blood and separate the cells and
serum by centrifugation {2000 R P.M. for 8 minutes) Wash the
cells three times with at least an equal volume of physiologic
saline each ime Prepare a 50 per cent suspension of the patient’s
washed erythrocytes in physiologic saltne.
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2. Process 10 ml. of normal blood (group-0) in the manner
outlined under 1.*

3. Place 7 small test tubes in a water bath at 37 C. and numher
the tubes,

4. As outlined in table 49, place 0.5 ml. of the patient’s serum
in tubes 1, 2, 6 and 7, and 0.5 ml. of normal serum in tubes 3,
4 and 5

5 Place tube 3 in a water bath or incubator at 56 C. for 30
minutes and then return it to the 37 C. water bath.

6. Add 0.05 ml. of 0.2 N hydrochloric acid to tubes 2, 3, 5 and 7.

7. Add 0.05 ml. (one large drop) of the suspension of the
patient’s cells to tubes 1 through 5 and a similar volume of a sus-
pension of normal cells to tubes 6 and 7.

8. Incubate all of the tubes at 37 €. for 1 hour.

9. Centrifuge the tubes at 1000 R.P.M. for 2 minutes.

10. Examine the supernates for hemolysts.

Interpretation

1. The hemolyhe reaction outlined in table 49 establishes the
diagnosis of paroxysmal nocturnal hemoglobinuria. A trace of
hemolysis may be present in tubes 1, 3 and 4

2. Hemolysis in tubes 2 and 7 {or 1, 2, 6 and 7) and not 1
tube 5 indicates the presence of a warm hemolysin

3. Markedly spherocytic erythrocytes may undergo lysis in acidi-
fied serum (tubes 2, 3 and 5}, However, P N H. cells do nat undergo
lysis in heated serum whereas the lysts of spherocytes 1s unaffected
hy heating the serum.

TarLe 49.—Acrd Serum Test jor PN H -

Tube Cells Serum Voad Slemnlysss
605 mt a5 mt Q0% ml
1 P r o o
2 r r + +
3 r NtHeated) + g
4 P N 0
5 P N + +
6 N P [ 0
7 N P + L

P = pauent, N = normal

¢The normal cells and serum may be obtaimed {rom clotted blood
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Presumptive Osmotic Fragility

Technic

1. Pipet 0.1 ml of oxalated venous hlood into each of two
est tubes,

2, Pipet 10 ml of an 0.85 per cent solution of sodism chloride
into the first tube.

3. Piget 1.0 ml. of an Q.50 per cent salution of sodium chloride
into the second tube.

4. Mx and centrifuge

5. 1f hemolysis occurs in the second tube, the osmatic fragility
of the erythrocytes 1s probably i

Comments

1 Blood obtained from a normal individual should Le run as
a conirol
2. The above test is a crude screening test and if it 18 positinve,
the osmotic fragility should be studied by the quantitative method,
‘

Quantitative Osmotic Fragility

Tethnic

1. Fifteen to 20 ml. of blood are drawn under aseptic conditions
and placed m a stenle Erlenmeyer flask contaming 15 small glass
beads 3 to 4 mm. 1 diameter jand rotated gently until the ham
of the beads on the glass 1s no longer audible, Approvimately 2 ml
of blood are then pipetted under stenile conditions nto each of
sterile screw-capped vials and set aside for the incubasted osmotic
fragihity and for the hemolysjs test The der of the blood
1 used for the determmation of the osmotc fragility prior to incuba-
tion 1 osmotic fragility and autohemalysis after meubation are not
to be determined, a smaller volume of blood may be drawn and
aseptic precavtions need not be observed, However, 1t 15 frequently
desirable to determune the osmatic fragility both before and after
ncubation and also 1o do the autohemalysis test (p. 161).
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2. Five ml. of each of the following solutions are placed in a
tube: 0.85, 0.75, 0.65, 0.60, 0.55, 0.50, 0.45, 0.40, 0.35, 030,
0.20 and 0.10 per cent sodium chloride. Five ml. of distilled water
are placed in an additional wbe. Intermediate concentrations of
salil"n(e such as 0.475 and 0.525 per cent may be helpful for eritical
work.

3. Add 0.05 ml. of defibrinated blood 1o each tube.

4 Mix the solutions and allow them to stand at room temper-
ature (20 C.) for 30 minutes,

5. Remix the solutions, centrifuge for $ minutes at 2,000 R.P.M.
and pipet off the supernatant solutions.

6. Hemolysis can be read visually and recorded as the point of
beginning an, plete h lysis. However, for more quantitative
work, 1t is desirable to read the supernatant solutions in & photo-
electric colorimeter. This is dore by making an appropriate dilution
(1-2 or 1:5) of the supernatant solutions. The amount of hemo-
globin present is determined by the routine method in use in the
laboratory. The supernatant solution from the .85 per cent sodium
chloride tube is used as a blank. The hemoglobin value in the
tube containing no saline is taken to be 100 per cent hemolysis
and the per cent hemolysis in each of the other tubes is caleulated
by dividing the hemoglobtn value by the value in the tube con-
taining no saline (x 100).

7. The osmotic fragiity after incubation of the blood at 37 C.
for 24 hours is determined in the same manner as outlined above.
However, since the fragiity may be markedly increased it is de-
swrable to set up add ! salme sol ining 1.2, 090
0.80 and 0.70 per cent sodium chloride. The 1.2 per cent solution
1s then used as the blank in the photoelectric estmation of hemo-

globin. .
8. It is always desirable to run a normal contral along with the

unknown.
ordinary

9, The values for per cent hemolysis are plotted on
graph paper on the ord and the jons of sodium
chloride are plotted on the abscissa.

Comments

1. There are many sources for technical errors n lhvls pr?cenlul_t'-

The saline solutions must be prepared accurately. Fxperience 13
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A 1 per cent working solution is made from the 10 per cent stock
solution.

Test solutions equivalent to 0.90, 0.85, 0.80, 0.75, 0.70, 0.63,
0.60, 0.55, 0.50, 0.45, 0.40, 0.35, 0.30, 0.20 and 0.10 per cent
sodium chloride are prepared in 50 ml. volumetric flasks. The
following volumes of the 1 per cent solution are added by the use
of buret to each flask: 45 ml., 42.5, 40.0, 37.5, 35.0, 325, 300,
215, 25.0, 22.5, 20.0, 17.5, 15.0, 10,0 and 5.0. The solutions are
then made up to volume with distilled water, A 1.2 per cent sodum
chlonde solution can be prepared by diluting 60 ml of the 10
per cent solution to 50 ml. These solutions will keep for several
weeks at 4 C. but should be discarded if mold deselops.

Autohemolysis Test

Technic
1. Two ml of sterile defibrinated blood are placed into each
of four 5 ml. scr pped vials, The dupli specimens are set

up in the event that one may not be sterile.

2. Serum is obtained from an additional sample of blood and
set aside in the refrigerator.

3. The bottles containing the blood are placed 1n an incubator
at 37 C. and left undisturbed. After 24 hours the bottles are gently
mixed by i ion and wwo are replaced at 37 C. and x'ncubnrc:f
another 23 hours, The other twa bottles are inspected for contami-
nation and if none is found the contents are pooled, a sample
removed for the estimation of the volume of packed red cell:
(VP.R.C.), and the remainder centnifuged to obtain the serum.

4. The same procedure is followed for the two bottles remoyved
from the incubator after a total of 48 hours

5 The amount of spontaneous hemolysis 15 estimated hy meas-
uring the amount of hemoglobin 1 the serum "nus can be done
by diluting the serum 1 25 or Lin 50, depending on ”"f drglr;t
of hemolysis Since Tobin f may be considerable
under these conditions, the hemoglobin cannot be measured a8
oxyh alobin. The k lobin method "," 27) 18 qu;‘ll'
satisfactory or the serum may be diuted with 0.IN HCI and the

hemoglobin measured as acyd hematin. In either procedure a 1 in
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or v li o The disadvantage of this si phfication is that if one is
dealing with the sickle cell trait rather than sickle cell anemia,

sickling may not occur for 6 or even 24 hours.

Reogent

Sodium metabisulfite (Na:$5:05) solution
Sodwm metabisulfite 2 Gm.
Distilled water to make 100 ml.

This solution must be fresh. Tablets containing 02 Gm. of
sodium bisulfite may be purchased from A. S. Aloe Company,
5655 Kingsbury, St. Louis 12, Mo. One tablet is dissolved in
approximately 10 ml. of distilled water just prior to use.

A buffered solution of sodium dithionite (sodium hydrosulfite,
Na:8:0.) may be substituted for the sodium metabisulfite
(NasS;0s). However, sodium dithionate (Na:S.0s) is inactive as
a sickling agent.

REFERENCES
1. Daranp, G. A anp Cistie, W B - Simple and rapid method of demonserat
1ng sickling of red blood cells. J Lab & Chin Med 33 1082, 198 X
2. Itano, H A Anp Pavune, L: A rapid diagnostic test for sickle cell anemia
Blood 4. 66, 1919

Determination of Fetal Hemoglobin

Technic

1. A solution of hemoglobin contamning 9 to 11 Gm, of hemo-
globin per 100 ml, 15 prepared from freshly-drawn clotied, ovalated
or citrated blood. A convenient techmic is as follows. place 10 ml.
of freshly drawn blood in a 15 ml. graduated centrifuge tube con-
taining two drops of a 20 per cent solution of potassium nfﬂhlf.
Centrifuge at 3000 R.P.M. for 20 mnutes Draw ofl f'"" ¢f4|sc:|rd
the plasma. Add approximately 10 ml. of physiologic saline lo
the packed cells. Mix and then centnfuge at 3000 R.P.M for 30
minutes, Draw off and discard the sahine Draw off the packed
red cells until 2 ml of packed cells remain n the tube. Add dnsul,lcd
water to the 6 ml. mark, followed by 0.8 ml. of toluene (C.F.).
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Shake for 5 minutes, The tube is then centrifuged at 3000 R.P.M.
for 5 minutes, Howerer, a better recovery of hemoglohin solution
18 obtained if the mixture 15 allowed to stand overnight in the
refrigerator prior to centrifugation, Discard the upper two layers.
Filter the clear red solution. The final solution should contain 10
Gm of hemoglobin per 100 ml. (9 to 11 Gm.) The exact concen-
tration of hemoglohin can be determined (p. 27) and the solution
adjusted if necessary.

2. Pipet 1.6 m! of the “alkaline” reagent into a serologic test
tube,

3. Place the test tube m a waterbath at 20 C. for 5 minutes.

4 Pipet 01 ml. of the hemoglobin solution into the test tube,

5. Rinse the pipet 6 times with the contents of the tube.

6. Shake the tube gently for 10 seconds.

7. Exactly one mimnute after the hemoglobin is intreduced into
the *“alkaline” reagent, add 3.4 ml. of the “precipitating” solution,

8 Mix by inverting the tube 6 times.

9. Immediately flter the mixture through a double layer of
filter paper (Whatman No, 1).

Interpretation

1. The procedure must be followed exactly. The time interval,

p pH and of the are critical
The final supernatant solution must be filtered and examined im-
mediately.

2 Under the condutions of this test, normal adult hemoglobin
(hemoglobtn A) 13 completely denatured (precipitated} within one
munute. Therefore, when only normal adult hemoglobin is present,
the filrate will be colorless. If more than two per cent of the hemo-
globin is alkal resistant (fetal hemoglobin) the final filtrate will
be faintly brown to deeply red i color.

3. The amount of alkaliresistant hemoglobin may be quanti-
tated by determimng the amount of hemoglobin n the initial solu-
tion and in the final filtrate (p 27). The alkali-resistant hemo-
globin 15 then expressed as a percentage of the imtial amount of
hemoglobin In normal adult subjects, 0.5 to 17 per cent of the
hemoglobin 1s alkali resistant
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Reagents

Alkaline reagent
To 10 m. of exactly 1N NaOH solution add exactly 110 ml, of
distilled water, This solution should be kept in the refrigerator in
 paraffinlined bottle. The pH of the solution should be 12.7. If a
precipitate forms or if the solution becomes cloudy it must he
discarded,

Accurately standardized solutions of one normal sodium Thydrox-
ide are prepared vommercially (Eimer and Amend, 635 Green.
wich Street, New York City) and can be purchased through many
sources {for example, Fisher Scientific Company, St. Louis, Mo.).
It is not recommended that the student or physician prepare his
own standard solutions.

Precipitating solution

Anhydrous ammonium sulfate 37.7 Gm,
Dustilled water 100 ml.
Hydrochloric acid (10N} 0.25 ml.

REFERENCE
Sineer, K, CHervorr A TL ane Siscer, Lo Studies on abrormal hemoglobine
I Their demonstration 1 sickle cell anemia and other hematologic disorders
by means of alkah denaturation Bleod o 413, 1931

Detection of Abnormal Hemoglobins by
Paper Electrophoresis

The study of hemoglobia by filter-paper electrophorests has be-
come a valuable and essential tool in the nvestigation and dragnosis
of hereditary hemoglobin abnormalittes, This simple technic does
not require the complex and expensive apparatus and specal sl‘u”*
necessary for the Tiselius moving-boundary method. A great \anﬂly
of apparatus and technics, most of wlhich are quite satisfactory,
have been described. The apparatus used has varied from l.hc
simple, inexpensive, “1 Je” variety 10 exp , commercial
models. The hemoglobin can be made to move as a spot or as an

even boundary.
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The technical details of the procedure vary with each type of
apparatus. A moderate amount of evperimentation hy trial and
error is necessary with a particular apparatus in order to obtain
optimal separation of the h ins, The technic described below
1s that of Bergren, Sturgeon and Itano. This particular technic has
been selected primarily because the apparatus is simple and inex-
pensnve to comstruet, The technic Js not complicated, the results
obtained are quite satisfactory, and seven specimens can be run
simultaneonsly.

The technics described by others are equally sansfactory, Refer-
ences to several of these are given below

Apporatus

The apparatus (fig. 20} consists of two buffer tanks, a bridge
to support the paper, four electrodes, and a power supply.

Pyrex “bread baking dishes” which may be purchased at a
grocery or hardwase store are satisfactory for the buffer tanks. These
should be of such a size as to hold about one liter of solution, As
an alternative the buffer tanks can be made out of plastic. A con-
necting tube between the two buffer tanks facilitates leveling of
the buffer.

The bridge to support the paper consists of a bottom and a top
plate Two preces of window glass, % wnch thick and 10 x 12
wches, will suffice,

The electrodes consst of carbon rods. The electrode vessel can
be made out of a test tube 120 x 150 mm.) (fig 21). A small hole
1 made 1n the side of the test tube about one to two em up from
the bottom This 1s accomplished by softening the glass in 4 small
hot flame, followed by placing a thumb over the open end of the
tube The icreasing pressure within the tube will blow open a
small hole A small pad of glass wool is then placed n the bottom
of the tube 1o strengthen the agar bridge. The tube s placed m a
beaker. and 3 per cent agar in 2 molar sodism chloride* solution
1s poured in to a level of 3 em. from the hottomy The level of agar
should be the same sside and ont After the agar has sofidified,
the tube 15 removed from the beaker and 1 filled to near the top

*1169 grams of anhydrows sodim chioride per hiter.
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Fig 20.—Showing the paper elactrophoresis opparatus described In
the text The electrodas are connected o o “Heothkit variable voltage
regulated power supply (Courtesy of Dr W R Bergren)

with a 2 molar sodium chloride solution. The carbon electrode is
inserted into the tube. The tip of the electrode should be alout
one cm. above the level of the agar and is held in place by 2
rubber stopper at the top. The rubber stopper should have a small
hole to allow the gas to escape The electrode vessels are then
placed into the buffer in the dish and fastened to the side by means
of a tongue depressor and a rubber band. The two electrodes on
each end are counected together by means of a wire with a battery
clamp on each end.

A simple alternative to the abose is to place the carbon electrode
in the long arm of a T tube. Glass wool can be placed n the double

outlet ends and no agar is needed,

Power Supply
A power umt capable of supplying up to 500 volts output, with a
current flow in the system of up to 200 milliamperes, is desirable.
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(Courtesy of Dr W R Bergren)

An inexpensive direct current power source may be obtained by
removing the power pack from a radio, manufactured when
separately mounted units were employed as substitutes for battery
operation, The disadvantage of such a unit is that it has a low
voltage output and consequently 1s suitable for use only with
buffers of very low 10nic strength. A highly satisfactory, relativel
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inexpensive unit, which must be assembled by the buyer, can be
purchased from the Heath Company, Benton Harbor, Michigan.
Many satisfactory preassembled power units are available on the
market, However, these are quite expensive.

Preparation of the Hemoglobin Solution

This is described in the section on the determination of fetal
hemoglobin {p. 166). The blood samples used for the preparation
of hemoglobin solutions must be relatively fresh. They may be
stored unfrozen for several days in a refrigerator. Beyond that time
they may give marked trailing effect. They may be stored in the
frozen state for weeks hut should be recentrifuged prior to use.

Preparation for Veronal Buffer (pH 8.6, ionic strength 0.05)

Sodwum barbital (Merck, U.S.P.) 10.30 Gm
Barbital (diwethylbarbituric acid) 1.84 Gm
Distilled water to make one liter

Approximately one liter is placed in each buffer tank. Care must
be taken to put the same amount in each tank. At the low ionic
strength employed heating of the filter paper does not occur and
the procedure can be carried out at room temperature.

Although the Veronal buffer 1s used routmely, for the separation
of Bb H from Hb [ a phosphate buffer (pH 7.3} is of value. This
is prepared as follows:

Monosodium phosphate, monohydrate 06 Gm

Disadium phosphate, anhydrous 2.2 Gm.

Distilled water to make one liter

Preparation of the Paper Bridge Assembly

One of the two glass plates 1s placed horizontally on a wood
block away from the buffer vessels A sheet of thick filter paper
{Schleicher and Schuell No. 398), 9.5 x 115 inches, 1s wet with
buffer and carefully centered on the plate Inclusion of ar bubbles
must he avorded A sheet of thinner paper {Whatman No. l).‘9,5
« 16 wnches, is wet with buffer and placed over the tincher piece
with equal lengths projecting over the plate ends Blotting 1s accom-
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paper. For most purposes, it is sufficient to record in a noteboak,
the results which are observed. If a permanent record is desired
the papers may be dried without prior staining, The paper should
be stretched in a horizontal position on a suitable frame, with
contact only at the ends. Uneven water evaporation from the paper
surfaces results in distortion of the spots, This can be avoided by
drying the paper in a draft-free environment.

For the dehneation of minor comy itis
to stain the paper. This is done by placing the paper (ususlly the
thicker bottom sheet) in a solution of 0.1 per cent bromphenol
blue and 10 per cent mercuric chloride in 95 per cent ethanol.
After 15 minutes in this solution, the paper is immersed for 5
minutes in 2 per cent acetic acid, followed by washing in water.
The blne hemoglobin spots are then visible against a white back-
ground, The paper can be dried at room temperature if it is desir-
able to retain the record.

desirabl

Comments

1. 'The unknown abnormal hemoglobin can only be identified
by comparing its mobility with the mobility of known ahnormal
hemoglohins Therefore, it is necessary to have at least several
known abnormal hemoglobins available. Usually specimens contain-
ing hemoglobins A, S and C are adequate controls. .

2. The optimal voltage, current, and duration of the runs. will
have to be determined for each apparatus and set of conditions.

3. The pH of the buffer 1s not critical since relative rather than
absolute mobilities are measured

4. The apparatus detailed above is designed to opcm!e{cﬂrc-
tively at room temperature. However, if too )u,gth a current is em-
ployed for a given jonic strength of buffer, exeessive heat production
will result and the ) lobin will become d i This can be
avorded by reducing the potential or, if necessary, using a buffer
solution of lower jonc strength. i

5. While indiidual components can be separated o distinet
zones, there 15 usually a small amount of hemoglobin dlslnbl;;t:ll
along the pathway between the two components This s ealle
“trailing.” Excessive “traling” can result {rom (a} the presence
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Fig 22 —Paper electrophoretic potterns Veronal buffer pH 86 Pattern
on the right was kindly furnished by Dr W R. Bergren {Courtesy Ata

Haemat) The pattern on the left wos kindly furmshed by D A 1
Chernoff (Courtesy New England 3 Med )

The electrophoretic mobilities of Hb A and Hb C. Hb A and
Hb S, Hb A and Hb D, and Hb S and Hb C are sufliciently different
to make identification easy (fig. 22).
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thick sectjons identification of individual cell types is not possible.
On the other hand, the histologic pattern and cellularity of the
marrow can be observed in thick sections but not in thin smears.
Judging the cellularity of the marrow from thin smears may be
misleading.

The disadvantages of surgical biopsy of the bone marrow are
that it is a more complicated procedure than needle aspiration from
the standpoint of convenience to the patient, danger inolved,
expense and time, and it involves the coordinated efforts of the
internist, surgeon and pathologist, Preparations of thick sections
from aspirated material have the advantages over surgical biopsy
because they are more convenient, less expensive, and less time
consuming for the patient. However, more skill is involed in

ining satisf; ¢ preparations.

Cytologic study of cell

s aspirated from bone marrow may be of

great value in the diagnosis of hematologic disease and in the

d ding of the pathologic physiology of the hemopoietic
tissues. Because of this, it is fortunate that the marrow cavity of
many bones is easily accessible with a minimal amount of discom-
fort or danger to the patient, and that marrow can be obtained with
only moderate experience and skill on the part of the operator.
Unfortunately, the procedure is of hmited value and will not solve
all types of hematologic problems Therefore, 1t is important to
have clearly in mind the situations where marrow examination can
be expected to yield crucial information which cannot be exiracted
from the history, physical examination or examination of the blood.

Indicati Limitati Contr

and Complications

Examination of thin smears of hone marrow 15 most helpful in
those conditions in which diagnostic cells are observed in the hone
marrow hut are not usually present in the blood. These condibons
are (1) maltiple myeloma, (21 tumor cells metastasizing from
prostate, breast, lung, ktdney and other tissues, (3) Gaucher's
disease, (4) Niemann-Pick disease, (5) kala-azar, (6) stoplas-

mosis, and (7) megaloblastic anemia
In most patients with pernicious anemia the diagnosts can be

&
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and metastatic carcinoma than in normal subjects or patients with
myeloid or erythroid hyperplasia. This is because these lesions are
frequently associated with some fibrosis of the marrow and the
cells remain fived in the marrow cavity. Surgical biopsy of the
marrew is indicated in those patients in whom such lesions are
suspected and in whom one or more “dry taps” have been obtained.

The only contraindication to matrow aspiration is in hemophilia
and related disorders.

Although marrow examination potentially may permit infection
or serious hemorrhage, these two complications rarely occur when
proper technic is used. Excessive bleeding sometimes occurs in
patients with thrombocytopenia but it can usually be satisfactorily
controlled by pressure over the site of the puncture. The only sefious
complication of matrow aspiration is cardiac tamponade when the
lower plate of the sternum 1s perforated as a result of inexperience
or carelessness.

Technic

Site of Puncture. Various sites may be used for the puncture.
The sternum is very satsfactory and js the most commonly used
site n adults. Marrow will be found at this site even in infants
of one to two years of age. The chef disadvantage 10 using the
sternum 1s that the patient can observe the procedure and may
have considerable apprehension due to the proximaty of the sternum
to the heart. In children the sternal site is less satisfactory than other
sites because of the difficulty in completely immobilizing the chest
during the procedure, and because the sternal-marrow cavity 15 quite
shallow and the possibility of perforation into the mediastinum,
although remote, 1s always present. When the sternum 1:5 used,
the upper portion of the bone, between the second and third nbs
in the midline, is most suitable, and the needle 13 inserted perpen-
dicular 1o the bone with the guard set at a depth of 1 em for
adults or at 0.2 10 06 em. for a child. {liac crest puncture is ex
tremely satisfactory in infants and children and in apprehensive

adults and has the advantage that no yital centers are near the
The patient 1s placed on his back or side and 1he

sife of puncture.
y m from the lateral

bone marrow needle is inserted nto the thu
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the needle, As soon as one drop of marrow appears in the syringe,
the syringe is removed and passed to an assistant who then prepares
several smears. If desired, a second dry sterile syringe is then
attached and 1.0 ml. of marrow is withdrawn. After removal of
the marrow needle, a small, tight, sterile dressing is applied,

Preparation of Thin Smears. From the several drops of marrow
in the first syringe, thin smears are prepared and stained with
Wright's stain, except that the fixing time and the staining time
are increased to about twice that required for blood. Bone marrow
smears may also be stamned by the peroxidase method (p. 91),
alkaline phosphatase method (p. 93) or Prussion blue method
(p. 87).

Preparation of Thin Smears From Concentrated Marrow.
The marrow obtained in the second syringe is placed in a vial
containing a small amount of either Versenate or heparin.
After proper mixing, a hematocrit tube is filled and centrifuged
for 5 minutes at 1000 R.P.M. Four layers may then be distin-
gurshed: fat, plasma, nucleated cells and erythrocytes. Measurement
of the volume of these layers is of limited value and may be mis-
leading, but the fat and plasma can be pipetted off and smears
made from the nucleated cell layer diluted with an equal volume
of plasma. In this manner concentrated malerial can be obtained
from the nucleated cell Jayer. This is of particular value when
the direct smears are relatively acellular or when a particular abnor-
mal cell type is present in small numbers. The marrow need not
he concentrated routinely

Examination of Thin Smears, All preparations should be ex
amined first under low power. Certain cells such as megakaryoeytes,
Gaucher cells and carcinoma cells may be few mn number :’md not
evenly dispersed throughout the smear. By virtue of their size they
may be picked out easily under low power. They may lhenvbc
examined under higher magnification for positive lxlcnlxﬁcnllnn
I£ the examination 15 restricted to the oil-immersion olyective they
may not be seen at all. It is not uncommon for carcinoma cells to
cluster 1n one small area of the cover glass. .

After the entire area of the cover glass has been e}ammcd with
the low power cbjectire, a good area for detailed examination und;‘;
the oll-immersion objective is selected. The cells m this area shoyld
be almost but not quite touching one another. Cells cannot be
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of marrow tissue. After a suitable area has been located, it is ex-
amined under o1l gnification  The | derin
appears as golden-yellow, refractile granules, varying from a fraction
to several micra in diameter.

For the inexperienced observer, the marrow hemosidertn may be
more easily identified after staining with Prusstan blue The stain
for thus purpose 1s prepared by adding concentrated hydrochloric
acid to 20 ml. of a 4 per cent solution of potassium ferrocyamde
in distilled water until a white precipitate 1s formed The solutton
is then filtered and the smears covered with the filtrate for 30 mim-
utes and then examined as detailed abose. |

In the stamed preparation the granules are blue in color. Not
infrequently, structures other than hemosiderin will <tain. usually
in proportion to the amount of jron present. These artifacts ean be
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may be aided by placing a bright light underneath the dish. The
excess blood is drawn off with care so as not to disturb the
particles; the particles are teased out with a needle and placed in
a small vial containing Zenker’s fluid. The marrow particles are
fixed for 30 minutes to one hour, depending upon the size of the
particles. The fluid, but not the particles, is removed from the vial
by means of a capillary pipet.

The particles are then washed with (1) several changes of dis-
tilled water (30 min.}, (2) 30 per cent alcohol {30 min.), (3)
50 per cent alcohol (one hour or longer), (4) 70 per cent alcoho!
(one hour or longer}, and (5} 95 per cent alcokol (5 min.}. Add
100 per cent alcohol and aiter 5 minutes add an equal volume of
xylol. Then wash twice with xylol for 10 minutes each time. Remove
the xylol, pour paraffin {m.p. 54 C.) into the vial and allow the
tissue to become infiltrated in an oven for 30 fo 45 minutes. Remose
the paraffin with a warm capillary pipet, add fresh paraffin, and
leave the bottle in the oven for not more than 45 minutes. Remove
the particles from the paraffin by means of a heated capillary pipet.
Place the tip of the pipet at the bottom of a paraffin-filled boat and
force the particles out of the pipet. The particles should be made
to aggregate in a relatively compact mass near the bottom of the
boat. The paraffin is allowed to harden and sections 5 micra thick
are cut. The sections are then stained with hematoxylin and eosin
or any other stain desired. The detalls of the hematoxyhn and
cosin staining procedure are not given here since they are "fml'
able routinely in all departments of pathology. Certain modifications
have been recommended for marrow particles. Several of these are
histed in the references.

Interpretation of Thin Smears

The cellular composttion of normal hone marrow m adults is
given in table 51. The normal myelaid-erythoid ratio for aduls 13
2to 5:1 The pattern in mfants and cildren 15 somewhat (!xﬁerffll
from this and varies according to age. The myeloid erythroid ratio
15 low at birth (1.8:1}, increases rapidly during the first iwo “t‘CLQ
to values as high as 11:1 and then gradually decreases to 31 durm',{'
the first year (fig. 26). Lymphocytes are low at birth as compared
with normal adult values. During the first weeks of hife. the I\mphO:
cytes increase 1n number to values as Iugh as 10 per cent. They
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TabLe 52..——A .Summﬂl}' of Various Types of Reactions Whiek May Be Obserred
in Thin Smears from Material Aspirated from the Bone Marrow

I Presence of Cells Which Are Not Normally Found i Marrow
A, Myeloma cells
B. Carcinoma cells
C. Gaucher cells
D Niemann-Pick cells

Presence of Paracites
A. Leishmama

B Histoplasma

C. Malana

M.E Ratio Normal (2-5:1) or Variable
A. Normsl marrow

B Aplustic anemis

C Myelosclerosts

D. Myelophthisic snemia

IV MLE Ratio Decreased (D5—~2-1)
A Due to Increase 11 Erythrord Cells
1. Normoblastic hyperplasia
a  Posthemorthagic anerma
b Iron deficiency anems
¢ Hemolytc anemja
d. Cirrhosts of Liver
¢. Polycythemia vera
{ Plumbism
2. Megaloblasuc hyperplasia (see 1able 157
B Due to Decrease in Myeloid Cells
1 Agrapulocytosts
Vv M E Rano Increased {5+ 1)
A. Due to Increase in Myeloid cells
1 Acute myeloblastic leukerma
2 Chronic myelocytic leuketma
3 Infections
4 Leuhemoud reactions
B. Due to decrease i Erythrod Cells (rare}
1 Hypoplastic anemms of mfancy
2 Erythrord hypoplastic anenua in adults
Increase 1n Nonmyelod Cells
A Acute lymphoblastie leukerma
B Chroatc lymphocytsc leukemia
€ Aplastic anerma
D Infectious mononucleoss

I

A
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tinctive Gaucher cells, These cells are large (20 to 80 x in diam-
eter) and are most easily located under low power magnification.
The most characteristic feature of the Gaucher ¢ell is the abundant,
palestaining cytoplasm. The cytoplasmic stain may be so pale
that under low power it may not be visualized The nuclei may
appear to be barren of cytoplasm and to rest in an “open space”
some distance from other cells. Fibrillae in the cytoplasm may be
observed under oil-immersion. One or many nuclei may be present
in a cell. Nucleoli are usually not seen. The chromatin pattern is
frequently fine and may resemble that of a reticulum cell,

In most, but not all patients with Gaucher’s disease, the typical
cells can be found in the marrow. The number present on a single
cover glass may vary from several to many.

Niemann-Pick's Disease, The cells of Niemsnn-Pick’s discase

are large, the average diameter being about 40 my, The most charac-
teristic feature of these cells are the many small hyaline droplets
which occur 1 the cytoplasm and give to the cytoplasm a “honey-
comb” or “foamy™ appearance. These droplets stan with Sudan
11 and other fat stains, The cells contain one or two nucles, rarely
more.
Aplastic anemia. Material obtained from aspirated marrow fre-
quently consists chiefly of adult erythrocytes However, the marrow
is rarely totally acellular in this condition and a “nest” of marrow
cells may be aspirated. The differential count is vanable and the
M:E ratio may be normal or greatly increased or decreased, .srjd
consequently, is of little diagnostic value. The most characteristic
feature of the marrow 1s a relative increase in lymphocytes, mono-
'ytes and plasma cells. Megakaryocytes are decreased. There are no
features diagnostic of the discase. Thick sections are of greater yalue
than thin smears because the histologic architecture may be studie:

Myelosclerosis. Marrow aspiration 15 of lutle value in the
diagnosis of this condition. The outer plate of the sternum 13 ,‘wn‘;-
trated with difficulty and frequently little or no malerxal is obtaine ‘
The fibroblasts are fixed firmly in the marrow cavity and are no
seen in thin smears. The differential count is variable. l'f there ll!
a myeloid reaction in the blood, the M:E ratio may be mcr:n:;fo-
On the other hand, if a hemolytic process is present, the M:E ! l!
may be decreased, Surgicsl biopsy of the bone marrow 13 required
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acid deficiency and infi and is dered to he due to the

liver disease per se. The anemia is usually accompanied by a shght
reticulocytosis and recent studies have provided evidence that an
extracorpuscular hemolytic process is present which is proportional
in severity to the degree of anemia. The number of normoblasts
in the marrow is increased. Large polychromatophilic normoblasts
(macr blasts) predomi In addition, it is pot uncommon
to observe an increase in the proportion of normal mature plasma
cells to levels o 3 10 25 per cent. In general, the degree of plasmacy-
tosis correlates directly with the degree of hyperglobulinemia
present in the blood.

Polycythemia Vera. The marrow is hypercellular. The hyper-

il

plasia invelves all marrow el so that the diffe cell
count may not be strikingly different from the normal. Frequently,
the ge of normobl is & d and there may be

slight shift in the myeloid series of cells to the immature forms.
The number of eosinophilic and basophilic leukocytes may be
ncreased. Megakaryocytes are frequently increased

Plumbism. The bone marrow s cellular with an increase in the
proportion of normoblasts. The more mature forms predommate.
Stippled normoblasts are prevalent.

Anemia of Nephritis The bone marrow is cellular. The M:E
ratijo 15 not significantly altered from the normal range of 2 to 5:1.
No abnormal cells are present. There are no significant diagnostic
changes.

Megaloblastic Anemia. The common denominator among all
of the macrocytic megaloblastic anemras (table 15, p 19) 1 the
presence of megaloblasts in the bone marrow. In addition. there are
morphologic alterations in the myelord cells wlieh are of aid in
identifymng this group of diseases.

The term megaloblast was used by Ehrich to refer to ll‘]tl
type of erythroblast seen in pernicious anemuia in relapse This ce
1s seen only n pernicious anemia and in the other related mrgnkﬁ
blastic anemias {table 15) Stages in the development of thus ce!
may be observed which are similar to those found mn the normoblast
series. namely, promegaloblast, hasophilic megalobla<t. polyrhn:
matophilic megaloblast, and orthochromic megaloblast, There 'nrl
three features which distinguish normoblasts and the nu-;:nlolln(f
series of cells The most important difference 15 1n the nature o
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the nuclear chromatin. In the megaloblast series of cells the nuclear
chromatin Is fine and there js little or no tendency for it to clump
as the cell series matures The nucleus may have a sievelthe appear-
ance with round areas of parachromatin between the chromatin
strands, The chromatin strands may have a beadhike appearance.
The nuclear chromatin of the pronormoblast is, of course, relatively
fine but as the normoblast series matures the chromatin condenses
<o that in the orthochromic normoblast the mucleus is nearly solid
with chromatin with few or no areas of parachromatin. For this
reason, it is necessary to compare the chromatin structure of the
; blast with the pr Yoblast, the basophiti b

with the basophilic megaloblast, and so forth. It is wsually easier
for the neophyte, or for that matter the expert, to distinguish the

onthochromic megaloblast from the orthock blast than
it is to distinguish the p blast {rom the y galoblast. The
second mo-t important ch wstic which distinguishes the two-
cell setes 15 the tends for easly | lobini m the megalo-

blast series of cells Thus, cells will he observed which are the
size of pronormoblasts, or larger, which have a nucleus with fine
chromatin, but the cytoplasm will be late polychromatophilic 1n
its statmng ch. ics, Finally, megaloblasts are larger than
blasts at stages of develop However. tins js

not the most reliable distinguishing feature.
In addition 10 the morphologic changes wn the erythrord cells,
the myeloid leukocytes are strikingly altered. Extraordinarily large
leukocytes will be found. These large cells may be present at any
stage in the development of the myelord series but are particularly
Pprominent among the met 1 . Grant 1 with
2 large U-shaped nucleus are seen not uncommonly. Large poly-
honucl bt aueler with 6 to 10 lobes

L1,

are Lkewice obsersed. -

Tt mast be admitted that for the wexpenenced the differentiation
of megaloblasts from normoblasts may be difficult The most
€ommon error 1s to interpret a marrow containing an increase in
pronormoblasts as megaloblastic This error can be avorded by
Flacing greater emphasis on the nature of the nuclear chromatin
than on the size of the cells, by exammmng the later stages of de-
velapment of the cells in addstion to the eather stages, and by

k

ooking for the presence or absence of morphologic alterations 1
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the leukocytes. Consideration should be given to all of these features
before arriving at & conclusion. Admittedly, a single, very immature
pronormoblast may not be distinguishable from a pr lobl.
even by an expert. However, the expert never allows his opinion
to be based on the appearance of a single cell.

Agranulocytosis, In this condition the granulocytic series of
cells is reduced with the result that the M:E ratio is reduced. The
type of myeloid cell which predominates depends on the duration
of action and potency of the offending agent. The first change
which occurs is a reduction in the number of mature neutrophils
with a shift in the “maturation” curve to the more immature stages.
As the agent continues to act the mefamyelocytes gradually dis-
appear, then the myelocytes and finally the promyelocytes, Thus,
the maturation curve obtained varies with the stage and severity
of the disease. When the offending agent is removed, the marrow
returns to normal in stages with a progressive shift of the “matura-
tion” curve to the right, provided the alterations are reversible.

Infections. In patients with infection and leukocytosis in l}.lc
blood, the M:E ratio is greatly increased. The predominate myeloid
cell 1s the neutrophil, and the “maturation” curve 1s shifted slightly
to the right, if it is influenced at all (fig 24). .

Acute Leukemia, The bone marrow in this condition is chara‘c-
terized by a great increase in blast forms As a result the myeloid
“maturation” curve is shifted far to the left (fig 21) and the M:E
ratio is greatly elevated.

In the usual case the preparation is very cellular, and u‘nder
low power magnification there is a uniformity of cell type gmr;g'
a monotonous appearance to the smear. The blast forms usually
constitute 50 per cent or more of all of the cells 1n the marrow,
This is true regardless of the number of blasts 1n the thOd-n 1’1"’
is to say. the marrow is fust as “leukemic” in patients with “aleu-
kemic” acute leukemia as it is in patients with a marke leu\('l;—
cytosis and a high proportion of blasts in the blood. Under oil-

the same uniformity of cell type is observed The MA;:'
forms are identified primarily by the jmmature structure }"]f e
nucleus. In some patients, particularly those with ])'mP"""”o
Jeukemia, nucleoli may not be prominent and ‘l)xc presence .
observable nuclecli cannot be relied upon as a diagnostic featu
of the blasts,
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is usually placed centrally and is frequently indented, kidney-shaped
or even lobular. The nuclear membrane of the myeloblast and mono-
blast is smooth, even and fine. In contrast, the nuclear membrare
of the lymphoblast is coarse. The nuclear chromatin of the mono-
blast is fine and reticular, of the myeloblast even and diffuse, with
little condensation. On the other hand, the nuclear chromatin of
the lymphoblast is moderately coarse with some aggregation and
condensation of the strands, particularly near the inner surface of
the membrane. Nucleoli tend 10 be more numerous and more con-
p in myelobl: than in lymphobl. The nucleoli may
or may not be promi in bl The eytoplasm of the
monoblast is grayish-blue and contains many, very fine, dustlike
reddish-ike granules, as well as a few larger ones. The cytoplasm
of myelobl and Iymphobl is basophilic and contains no
granules. In patients with myeloblastic leukemia, a few prom'yd&
cytes and more mature myeloid forms may be idennified. In patients
with Iymphoblastic leukemia, most of the cells other than lhcvhhsls
are readily recognizable Iymphocytes. Only a few neutrophilic leu-
kocytes and an oceasional promyelocyte or myelocyte may be seen.
Many monocytes may be present in the marrow of patients with

1¢ leukemia. Peroxidase stain may be of some value. The
granules of promyelocytes and myelocytes and of some monocytes
can be demonstrated with the peroxidase stain The nzumphl']w
granules of lymphocytes do not give the reaction /l.uer bodies,
reddish rod-shaped structures in the eytoplasm, are diagnostic of
leukemia and are observed in monoblasts and myeloblasts, but net
m lymphoblasts. Auer bodes are present, houever'. n ?nl‘y a Sm:\“
proportion of patients with myelobl or fe leukemid,

Chronic Myelocytic Leukemia. Bone marrow exanunation !

of little or no value in the diagnoss of this disease The preparations
are usually very cellular and the M-E ratio is mcreased. There 10

frequently, but not invarmably, a slight shift m the “mamraho}nﬂ
curve to the more immature forms with myelocytes nm'] :!lcmm);‘ .
cytes predominating (fig. 24). Basophilic and I myelor

lthough bone masrow exapnation
agnosis of
tood

forms are usually increased. A .
may be of some value in ruling out myelofibross, the du o
chronic myelocytic leuhemra is made more eastly from the

than from the marross.

Chronic Lymphocyuc Leukemia. The diagnose of thus i
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order, in mosp Cases, jg Made more easily from the SXaminaiop, of

the bloogd than from the bone marrow, T, Proportion of normga)

adult Lvmphocylcs in the Marrgy, ;o Usually incn-ased. The other
ed frg .

nfectjpyg M ©n0nuclegsss, Examination of the hope Marrgy
is Tarely Necessary o helpfy) in this disegse, The only sllerarians
are 3 Modeg increase i the Proportjon ot myelocypeg and the
Presence of 5 few abnorma; b mp’mcyh‘s, such a4 those which can
€ obsery in the bload The iagnosis of infectioys mononucleusis

of acutg |, ul,

diopay ic nic Py, Pura, The ,, mber f mega.
k OCYtes Ncreased, parucularly the more Mmatyre forms The
adult y, Ty ocyt E€Nerative changc the nucleay
hromay,: d 1 ¢, Yoplagm,, Platelegs llached 1o, and formine
from, Yoplasm of by It megy TYOcytes are reduced ),
hy, s Platelegs €an be geq, TG from
the gy pla a1 Jeast 50 Per cent of g, Karyocy tes. Plaeley
formapy,, TYocytes of 5 Patient i idiopahic
T OPIC bty Will be oh Tved in legs g, T cent
o the ¢ Hortunap, Iy, honever, none of g, ferations dis.
Hnguish, e of the g, se f, Primary
2Hiely, ang “Xaminay o, of the bope Marroy 4 o 70 value in

in,
the iagnosis of thig disease, except a5 , Mmeans of ruling oy acute
Tetikep; though splenecromy is contramdicareq n the absence
°f megak, ocyles in gho Marrow, the absence of megakaryge, -
S more tkely 1o be the Tesult of 5 Sampling €rTor thap , va,
"0?‘.
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Examination of Blood Pigments Related
to Hemoglobin

As an introduction to the study of blood, urimne, and stool pig-
ments related to hemoglobin, the following brief and undoubtedly
oversimplified summary of the biochemistry, physiology and path-
ology of bilrrubin bolism and jaundice is p d

THE BIOCHEMISTRY OF JAUNDICE

Focmation, Transportation and Excretion of Bulirubin. The
senescent erythrocytes are taken from the circulation by the phago-
cytte reticuloendothelial system of the body. The spleen 13 particu-
larly active in this respect. The degradation of hcmoglohnn7!a
bilirubin takes place within the reticuloendothelial cclls. (fig. 2 h)
The first step which oceurs js the sequential ovidation oldl 3
a-methene bridge of the protoporphyrn ring. The ring is opene to
form verdohemoglobin, which is a green biliverdin-globin c0{n-
pound. Iron is removed, globin Tiberated and the ifce b)\'lf’ct;, .\:
(green} is reduced at the y.methene bridge to ylclfl biliry :'
(orange-red ). The free iron combines with the ironbinding pmmo r’
teansferrin, in the plasma and js transported to storage d;potslhe
to the bone marrow The globin is degraded and returne u; o
body pool of amino acids The free bilirubin passes out o
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Bilirubin- ~ ALbeirore
Water insarpt,
..Tndlr&ct-l’e:ch;y
Brlirabin-Glucuronide n 7 of
<= b Albernin § Friie caprilary
Water soluble
.Dzmré-—)’eachny
Brlrrebm-Glacuronide
=

Brrmarg bile cannaliculas
¥ip 28-—The van den Bergh reachon, Modified fram Watson (Blood
T 99, 1948)

is normally regurgitated back into the plasma where it is again
loosely attached to albumm Both mono- and diglucuronides of bili-
rubin are present in small quantities in the plasma.

The saluble bilirubm-glacuronides can he filered readily by
the kidneys. The relatively insoluble frec ihirubmn docs nat paws
the glomerular barrier.

Bacterial Reduction of Bilirubin By The Intestinal Flora.
In the intestinal tract, the bacteria remove the glucurome acid from
the bilirubin and the bilirubin is reduced in stepnise fashion to
a number of bile pigments (fig. 20} which differ only i the degree
of reduction. The degree of reduction of bilirubin and the com-
pounds formed prabahly differ with the type of bacterial flora
present. The term umbxlmo"e?4 is nsed to refer colkchuly to

the three colorless chr
and stercobilinogen. Normally, sterocobilinogen 1s the prg;mm(ctml
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»2y, (273
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RIS €13 #1450,
+43]

I~ S Il stemoé:lz’ao er
3 Rge iy, C33rg50 0, 222
Zlmbllm Grogy, I/Ju&,lmayen Croup
(a"aaye-wllow) (Colarles‘:)

Fa 29y, bacteroy feduction of Biliryp, by the buman lestingy
flora g, Wotson (1, A Am Physiciony gy 242, 1954,

“urobilmogen” in feces and . The admyp,g, aton of Wide.

r:
Pecty tibotyes 0 humgay Subjects Markedp, 4 tishes ghq
Bacter;, a which, o, ce b, ubin, ang under onditions
Tobyj, & Cretion g eases ¢ very J, evels gy, ihrap,y,
x tnant p, Pigment, d-Ure 1N0gen hag O yet beey
TONStrateq n the £ indn g,y Who haq 0 receryeq
CEPeCtryy, o 1e. A, acterial g, Teturng folloumg
the tistray,, f Antibiogye, 18 first o, able of reducing
Bl only far a¢ tnogen, Later, the o r ng

Pacity of th 215 restore, 04 stercopy) 880 again Quant,,
tatry g}, eCome, dom; ber of the urobxlmogen
&ro,

N y ] 2Mount of hogen 1 the ntesting)
race 1g bsorbeq and Teexcretaq g, OUgh the ;. Is
9 the gt + This 44 k the nlerohepatie circulalmn of
Tobilin 8 Presumg, Y accouny, e I amount of
brlinogern o s norma) ¢



202 DIAGNOSTIC LABORATORY HEMATOLOGY
Ry Ry Rt Rz

"R-l ,-é CI-N=N-C4Hg 5 R, ,.N=N-cm5
N N
H
MV M PP __ MM v
LD
=3 - - - = - OH
N L] H, N/ H N/

B Bilipubin
CoHy-N=N-c1

M v‘LM P
Ho l\ ]: ¢ -“ ']-N:N-C‘ Hs
N/ H N

Vinyl-neoxanthobilirubre acid

v M M [
Hol ]-c:“ |]_N=N_c,,n5
W N

Vinyl-isoneoxantbobrlirabic zerd

Fig 30 —The chemistry of the diazo reaction

When the urobilinogen group of compounds js exposed to air,
they are partially oxidized to the urobilin group of compounds.
Thus, when urine and feces are exposed to air, d-urobilinogen is
oxidized to d-urobilin, mesobilirubi 1s oudized to i-urobili
and stercobilinogen to I-stercobilin, .

The van den Bergh Test. In the van den Bergh reaction, bili-
rubin is coupled with diazotized sulfamiic acid (the diazo reagent)
to form what 15 quite erroneously called “azobilirubin” (fig 30)
The ability to couple with diazotized sulfanilic acid 1s possessed Ify
pyrrolic compounds containing either a free @ or £ position. Py rrolie
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COmpoyndy Withoyt free o or g Positiong will Couple only if yho
Substity e, group iy readily displaced, such a4 car]
lnspeclion of the ilirubin formyl, Tevealy thyy neither o op B posi.
tions gpe free ang the hydroxyl OUPs canngy be readly Teplaced,
¢refore, §y has bee, Suggested thyy n the Teaction of diazotizeq
Sulfanilje acid witp, b:lirubin, the molecyle ;o sphit inge tho dipyrrop
rompounds, vinyl-neownlhobihrubic acid and wnyl-isoneoranlho‘
bih'rubic acid ( 8. 30), ese tyo €Ompounds have freq * POsitiong
nd

Bxhrubin an, mcsobllirubin are the only Paturally oceurting

bile Pigmenss which Teact i), diazo Teagent,

an dey ergh ang Miller Fecognizeq that the formaryon of
4 y

azobihmbin differe, n the Various forme of Jaundyce, “Azobil;.
Fubin” 1, med g;; on the addition of the 4, cagent to (he
Patieng with obstmcliw undice (), he other by, d,

the agq Substances Containiy, aleoholye (methy]
T ethy] gl h A3 essentja) for the Feaction 1, take place with
Dormal g, d with Tom paiangy ith hep, Iytic Jaund;ee
€action which takeg Place Without ype addution of alcoho]

has pe, referred 14 o the dy, t van 8 reaction That
Which (5, Place op the Presence of aleoho] hg, een called
the indipe, van den BN reaction |, POWn that g,
solup, Iglucy, Nides of FUbIn accoypy for e

no. i 2
direcy Teaction, The relatively msoluble freq biliryh,, Teacts y s,
:he diazg Teageny only afte, it 13 taken 80 solytygy, with aleohq)
fig 28 ).
helich AIdehyde Reaction, When ¢he Ebrhich aldehyde
Teagent (p-dlmcthylammobenzaldthydc m acyd solution) ;4 added
e pi a re Ti

to ceryy, bl Sments olor deyel, S. The ¢p, nical nagyre
Of thyg Teact;, erstood, 4, © Naturafly, Curriy,
b Bments, g, bilin gen, esobilirybn gen, ang tercob;lyn,
Ogen are thy ly oneg which ! reaer wrth hrheh aldehyd
Cagent Bil, tbin, Mesobihirybyp he urob,), P of com,
s N0t regey orphoblhnog , the colorleg NOpyrrolic
'Pound I8 excreted ;; the urine under coppay conditions,
Wl e With the ) agent (p. 99

e
Intravascu ar emolysjs, When req cells are destroyeq withip
the Vasculay channels, the catabolysy, of hemoglobm Proceeds ,,
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quite a different fashion than it does when the red cells are de
stroyed within the reticuloendothelial system (fig. 31). During
intravascular hemolysis free hemoglobin gains access to the plasma
where it is immediately bound to the hemoglobin-binding protein,
haptoglobin (Hp). One molecule of haptoglobin, an proteil
is capable of binding two molecules of hemoglobin. The entire
HpHb.-complex is removed from the plasma at a constant rate by
the reticuloendothelial system. The hemoglobin is then degraded
into bilirubin in the usual fashion within the reticuloendothehal
cells.

When the concentration of free hemoglobin in the plasma exceeds
the binding capacity of haptoglebin, free hemoglobin is found in
the plasma. The free hemoglobin is rapidly oxidized to methemo-
globin and methemalbumin, These three compounds, free hemo-
globin, methemoglobin and methemalbumin are then eliminated into

Flasma gy oee
Zron
> Hb 5 g "ﬁz —_— _)_.ﬂmtha
Hp—Kbe @ Acrds
= Hp—Hbz e
RE\ Cell

Kb —y Met Kb - Melhemnalbumin

Nt

Hemoglobinurid
Methemoglobrnariz
Melhemalbumindriz
#ig 31 —Ths metobolic pathways of free hemaglobin resulting Feom
the intravascular hemolyns of red colls
Hb = hemoglobin, Hp Wb, == haptog]
eell = reticvloendothelial colt

tobin-hemoglobin complax; RE
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the urine, Since the molecular weight of the haptoglobin hemoglobin
complex (llp}lb,) is ahout 310,000, the molecule does not pass
into the urine, Only when more hemoglobin has been liberated into
the plasma than can be bound by haptoglobin, does hemoglobinuria
appear.

THE PATHOPHYSIOLOGY OF JAUNDICE

Jaundice is the term applied to the yellaw pigmentation oceur-
ring in the various tissues and is associated with an increase in the
bilirubin content of the plasma, Normally, the plasma contains less
than 1.3 mg. of bilirubin per 100 ml. When the plasma bihrubin
reaches concentrations of about 2 0 mz./100 ml. the yellow pigmen.

RE ystem
Hemgglobeet
'V'era’a’l:moqlobzn

Zuliyerdin
Bafrrebin

e Hadpey

Arlirubio~

Briyrubin-

Bilrradm~
Gleceromde

Zeokutinogen

Yrobiln

Bifrrabny

Urobslinogen

Zatentrng

Urobitint Catool)

g 32--The metobohe pothways of bilitubin

Wuon of the body bssues (particularly the sclerae) ean, under
favorable circumstances, be detected by the skilled observer; with

A
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concentrations above 5 to 7 mg./100 ml. jaundice is obvious to
even the unskilled.

From a simple consideration of figure 32, it is apparent that
jaundice may result from one of three general situations, or some
combination thereof: (1) when bilirubin is presented to a normal
liver at a rate which exceeds the ability of the liver to conjugate
and excrete the pigment into the biliary system; (2) when the
Tiver cells are functionally impaired and they cannot conjugate and
exerete a normal amount of bilirubin presented to them; and finally
(3) when the free flow of conjugated bilirubin through the biliary
system is impaired. From these considerations jaundice can be
conveniently classified as (1) prehepatic (hemolytic jaundice),
(2) hepatic jaundice (parenchymal, } jlular), and (3) post-
hepatic (obstructive) (table 54),

Tasre 54 —Classification of Jaundice

1. Prehepatic (Hemolytic disease)

1 Hepatic

A Mepatocellular
1 Constitational hyperbihirubmerma
2 Hepatiis (infecttous and serum)
3. Cirrhoss (alcoholic, hemochromatous, Wilson's disease)
4 Tomns (bactenal)
§. Pasons ( hen, carbon

tnmtrotoluene, sullanilamide)

6 Chronic passive congestion

B Hepatocanalienlsr
1. Prmary bihsry cuthosis
2 Secondary hiliary cithosts (hepatitis, drugs)

ide, phosphoras

1l Posthepatic
A Benigu (usually incomplete obstruction)
1. Siones

2 Strictures ,
\ b

B f Iy complete
1 Carcinoma of pancress

2 Carcinoma of ampulls of Vater

3, Cercinoma of gallbladder

4 Carcinoma of bile duct or bepatic duct R

In prehepatic jaundice (hemolytic disease) the fundamtn(;l
abnormality is an increased rate of destruction of red cells, ;’1}!'.
Iy, an overproduction of bilirubin. The amount of hili-

q
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gurgitated” into the plasma and excreted in the urine.

In subjects with no abnormality in the conversion of biliwubin
to urobilinogen or i the ability 10 excrete urobilinogen, the total
amount of urobilinogen excreted per day is directly related to the
number of grams of hemoglobin catabolized per day, One gram of
hemoglobin is equivalent to 37 mg. of urobilinogen on a stoichio-
metric basis, Assuming that the subject is in hematologic equi-
hibrium, that is, the amount of hemoglobin produced per day is
the same as the amount destroyed per day, then the amount of uro-
bilinogen produced and excreted per day is a function of (1) the
size of the total circulating hemoglobin pool (TCH )and (2} the
red cell survival time (ST). This relationship is shown in the
following formula:

TCH (Gm.)
S.T. (days)
The total amount of circulating hemoglobin (TCH) is related to
(1) the total blood volume (B.V.) and (2) the concentration of
hemoglobin (Hb). This relationship is shown in the following
formula:

B.\f. (ml) x Hb (Gry./#]() ml.)

100

The blood volume 15 related to the size of the mdividual. F&fr
rough calculations, 1t may be nssumed that the blood solume is
approximately 65 ml /Kg. of body weight.

From the above quantitative considerations 1t 1s possible to
derive a hemolytic index. This index. 1f not over interpreted, may
be helpful in the study of 2 patient with jnu'nthlcc )

The expected urobil excretion is b
that the erythrocyte sunival ime is normal 1120 days), Tins

37 mg. = Urobilinogen production in mg./day

== TCH m grams

is
done as follows:
(1) Body weight in Kg. < 65 ml. = Blood solume 0 ml.
(2) BY. (ml) XJHL‘QMMM = T.CH.1n Gm
100
(3) T.C.H.x 37 = Expected daily urobilinogen exeretion inmg.

120
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Presumptive Tests

Place 15 ml. of blood in a centrifuge tube containing an anti.
coagulant such as 20 per cent potassium oxalate. Centrifuge the
freshly drawn blood and inspect the plasma to determine if the

Tl

abnormal pig is J llular or

The important abnormal intracellular pigments are carbon mon-
oxide hemoglobin (carboxyhemoglobin), methemoglobin, and sulf
hemoglobin, The imp extracellular pigments are bilirubin,
hemoglobin, and methemalbumin. In rare ci a h

globin may appear in the plasma. Sulfhemoglobin is entirely an
intracellular pigment and does not appear in the plasma.

If the plasma is yellow, bilirubin is present. If there is hemo-

globinemia, the plasma will be pink or red. If the plasma is brown,
it is likely that methemalbumin or 1 Tobin or both are
present, If an abnormal pigment is observed in the plasma, decant
or pipet off the plasma and wash the erythrocytes twice with physi-
ologic saline. If an abnormal pigment is present in the plasma,
it is possible that an abnormal intracorpuscular pigment is also
present, and both the plasma and the cells must be examined sepa-
rately.
If the plasma is clear, shake the whole blood in the air for IS
minutes, Fully oxygenated blood is bright red; blood containing
carhon monoxide hemoglobin is cherry-red; hlood containing me-
themoglobin or sulf} lobin is a chocolate-brown color, Haw-
ever, unless the concentration of the abnormal hemoglobin gcri\a-
tive is high, the color will be masked by the oxyhemoglobin and
more specific tests must e performed.

Carbon Mornoxide Hemoglobin

Dilution Test

In dilute solutions oxyhemoglobmn appears yellowish-red “Ah:{‘;
carbon monoxide hemoglobin appears pinkish or blwsh-red. \
2 drap of normal blood 10 5 ml. of water and make a sencs dflhhu-
tions. Make a parallel series of diluttons of the unknown until by

comparison a difference in tint is noted.
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Alkali Tegp

Place 1y drops of normal blogg gng %o drops of the unknoyy
blood sige by side on A 5pot playe. Add tyo draps of 95 Per cent
sodium hydroxige to each, Normaj blaod turng 4 brownish color,
¥ carboy, Monoxide hemoglohin is preseny the origing} reddish
color wy)) Persist,

Mefhemoglobin and Suifhemoglobin

Dilite 1 whole blogg OF washed etythrocyres with water I:10
or 1:1g9 dependmg upon the 2mount of abnorma] Pigment Present
d place 4 fopy mlan each, of four resy tubes, Sy methemoglof,,,
8 formeg sponlaneously M norma} blood, especially ywhep diluted,
i impernn‘w 10 examipe the bloog withoyt delay after the dily.
tion jg made,

Tube 1, Examine i, the hang Speciroscope, It Methemoglohyy ;4
Present, 5 dark bapng will be vsible at 630 mp [f sum'ncmog’obm
iy Present, 4 dagk band vyt visible at 618 2. These bangy can.
hot, houever, be dill'erenlialed in the hand Spectroscope, Keep
his yhe for 2 reference,

ube 2, MO OF thyee drops of , S per cent solution of po-
8Sium yanide (p, not use o Pipet, Cyanide 5 extremely toy;e
gested, ) the bang 18 due to methemoglobm, 2t will Sappear
mediateyy, di!Iuenhaung it from the su”hemoglobin band whicp,

Maing fixed,

Tube 3, Add 1y or three drops of hydrogen Peroxide (3 per
) 0 e band 4 due to ejthe, methemoglobn o sulthemo.
Blobup, ;, will disappeay.

ube 4, A d 0.1 o of concentrateq AMmontun syjfide per m),
nd i

! the Bulfide ginee o8 standing, sulthemaglohyy forms ang , band
will Teappear at 618 oy, H the band 45 due to sulfhemoglobm, it
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Methemalbumin

Centrifuge the whole blood and pipet 2 ml. of plasma into each
of 4 small test tubes (Wasserman tubes).

Tube 1. Examine in the hand spectroscope. If a band is observed
at 576 my, hemoglobin is present. If a band is observed in the
region of 620 to 630 mu the following test must be performed to
differentiate methemalbumin from methemoglobin, Keep thus tube
for a reference.

Tube 2. Add two drops of a 5 per cent solution of potassium
cyanide (Do not pipet the cyanide solution. Use a dropper). If
methemalbumin js present the band will remain fixed, If methemo-
globin is present, the band will disappear, and the specimen will
change color from brown or black o dark red.

Tube 3. Add two drops of hydrogen peroxide (3 per cent) and
shake, 1 methemalbumn is present, the band at 621 mp will remain
fixed. If methemoglobin s present the band will disappear.

Tube 4. Add 0.2 ml, of concentrated ammomum sulfide. If
methemalbumin is present, the band 1n the region of 624 my will
disappear and a dense easily visible band will appear at 558 mu.
Occasionally, an absorption band will not be visible in the segion
of 624 mgu but, on the addition of ammonium sulfide, 8 band will
appear at 558 ma. This procedure is known as Schumm’s test and
1t is a valuable test when performed along with the cyanide and
hydrogen peroxide tests. It is not, however, specific for methemal-
bumin since methemoglobin gives a similar reaction, The plasma
must be examined immediately after the addition of the sulfide
since, on standing, sulthemoglobin forms, and 2 band reappears

at 618 mpe.

REFERENCES
1 Fiven, C A Meth b and sulfb b New Fngland J.
Med 239 470, 1938
2 no>:d.v }3"9 4" 9‘ and the Toh New Fagland 3 \iede

233 691, 732, 766, 1945 o
3 Famer, N H- Methemalbumin Quart, J Med 10095, 1% 190
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Absorption Spectra

gollow

violet Blue green | red

oxyliemoglobin

ethemoglodin

salfbhemoglobtn

] 2
8 s

methemalbumin

osy

g 33—Ths abiorption spectra of several importont blood pigments

Tasee 56 —Differential Reactions of the Blood Pigments

Hydrogen

Ozyhemoglobin
Methemoglobin
Sulthemoglobin
Methemalburmn

Collection of Blood

Prgment Alpba | Powsmm | pro®N | Ammopmm
Bandmu| Cyamde 5% “aen | Sulfide Cone
576
60 |D D
618 | Unaltered | Disappears | Unsltered
624

Unaltered | Unaltered | Disappears

Total Heme Pigments

L Draw blood into a syringe which has been lightly coated with
mineral ol The syringe must be scrupulously clean. The vem-
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puncture should be performed by entering the vein without difficulty
and free-flowing blood obtained. The syringe should be allawed
to fill by venous pressure and without the use of suction.

2. Remove the needle from the syringe and allow 5 m), of blood
1o run gently down the side of a centrifuge tube containing 200
units of heparin (0.1 ml. of Liquaemin-Roche-Organon).

3. Mix the contents of the tube by gently rolling the tube be-
tween the palms of the hands.

4. Centrifuge the tube for 10 minutes at 1500 R.P.M.

5. Dilute 1 ml. of the plasma with distilled water until the color
is a faint pink.

Technic

1. Set up 3 test tubes (15 ml} and add 1 ml. of the benzidine
solution to each tube.

2. Add 0.02 ml (Sahli hemoglobin pipet) of the unknown
plasma to tube 1 (unknown), 0.02 ml. of distilled water to tube
2 (hlank), and 0.02 ml. of the dilute standard hemoglobin solution
to tube 3 (standard). Mix the contents of the twbe.

3. Add 1 ml of the hydrogen peroxide solution to each tube and
mix immediately.

4. When the color change (green to blue to violet) has been
completed {approximately 20 minutes), add 10 ml. of the diluent
solution to each tube and mix by inverting the tubes.

5. After 10 minutes transfer the 3 solutions to cuvettes. Set
the photometer at a wave length of 515 mp or insert the appro-
priate filter. Set the blank tube 1o read 0 on the density scale odr
100 per cent on the transmission scale. Read the standard an

then the unknown.

Calculation o
1. If the galvanometer scale is in pes cent transmission, convert

the readings to density by the use of a table relatng density to
per cent transmission.

2. The plasma hemoglobin concentration 1n mg./100 mi. i

J , where
calculated from the formula -g: X A X dilution of unknown, ¥
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Dyis the density of the unkng; own, D, i the densiry of the slandnrd,
and A g s the concentratjo, of hcmaglobin (mg.710 ml) i the
dilute Standarg, or eXample, if the conccmmtion of the Concep.
trated },, emoglobiy, Standarg ;o 10 Gm./IDO ml; the densily reading
of the standarg o,  0.310; the dep, nsity rcadmg of the unknown

.350, and the Plasmg Was diluteq I:1 then t),e co) ncen!ralwn

of the dilute Standard j4 0.02 X 10 = 0.02 Gy /100 al, or 20

Reagems
Hen.uime solutip, ( L per cepy )
Nzidine bas, 1 G,
Glacia] acetic acid 90 ],

,thragen Peroxig, Solutioy (1 per cent)
Hyd Perovide (3 ( ber cent) 19 m!
D:snl]ed Water 20 p,
1S solutiop, shoy], d b e 5 orcd 18 dark bopy), n the Teftigeraro,
2d mage Up fresh ¢, Y two dayg, Care shoylq be takep, 1o avor;
Peroxige Which b been s(alnhzed With sulfure 31d becayge sul-
fate preclplkale S beny,; Zidn,

Glac,) Cet c acu:l 10 m),
sthlled T 1o make 199 ml,
Co, entrateq Ilemoglubm Standarg
3h 2 mp o of packeq |, ed cells yyyy), Physiolog,. saline ang Iyse

ther by freezmg and thay,, g D:Iuke the hemoglobm With physi.
081c salin *° 2 concenray of about 19 5 f hemogloh
100 ) Dete, rmin the hemoglobm concentraty gy by the Photo.
Uetrie meth,, 27),

ute p, gl bm Standarg

i 02 mj, {Sahi; hemnulobln p:pel) of the Concentrateq
Handapq 10 10 1), with phys; iologie salme,



216 DIAGNOSTIC LABORATORY HEMATOLOGY

Interpretation

1. If the blood is properly collected the “sormal” level of
heme pigment in plasma is less than 5 mg./100 ml,

2. Levels of 50 to 1000 mg./100 ml, may occur in patients
with intravaseular hemolysis.

Comments

L. All glassware must be cleaned carefully in cleaning solution,
rinsed thoroughly with distilled water and air dried.

2. The distilled water must be free of sulfate. This can be
checked by the addition of several drops of a solution of barium
chloride. If no cloudiness appears, sulfates are absent.

8. Great care must be taken to avoid hemolysis of the blood
due to trauma.

4. This method measures total heme pigments (methemoglobin,
methemalbummn} in the plasma and not just hemoglobin.

5. When the concentration of hemoglobn in the plasma s high,
it may be 1 directly as cy hemoglobin (p. 27).

6. When the concentration of the plasma hemoglobin is low,
the accuracy of the method may be increased in several ways. The
strength of the benzidine solution may be increased to 4 per cent.
The volume of the unknown may be increased to 0.05 ml. The
volume of the diluent may be reduced to ¢ ml in place of 10 mh
It is desirable to adjust the concentration so that the reading falls
between 0.1 and 0 6 density or between 10 and 90 per cent trans-
mission .

7. This method may be used for the quantjtainve determination
of hemoglobin 1 urine. The salts in urine cause turbidity nm'l inter-
fere with color development in the benzidine reaction T)n's may
be overcome by dialyzing the urine overnight agamst physiologic
saline. The dilute standard hemoglobin solution should also be
dialyzed. The volume of both solutions is measured before and ah‘l‘r
dialysis and appropriate corrections are made for the change }m
volume. As much as 1 m). of dialyzed uripe may be used i the
determingtion by decreasing the volume of diluent nccofdmg)‘f.n

8. The reagent blank should be almost colorless I it is highly
colored, reagents or glassware have been contam

nated with heme

pigments,
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9. The accuracy and reproducibihly of the method i about
=5 per cent,

REFERENCES

L Caosay, W. H axo Duumur. Wit The significance of hemax!nbmrmu 2nd
Eesocrated hemo-idennnri-. with paruculse reference lyvmoua tpes of
hemoly e enemas, I, Lab & (i Med 33, 829, 1951,

2 Hu, 1. i Hemnglabmum Am J, Med. 24 9%, 1955

3 Crosey, w, Hoawp Fear, F. g, A modifieation of the benzidins metho
for the Mmeasurement of hemnglobin 1 plasesa and urine Bleod 17 380, 1936

Bilirubin
Technic

L Dilate 10 ml. of serum or plasma to 20 m) with disslied
water,

2 Transfer § ml. of the dilyted serum te each of 2 clean cuvettes,
Add 1.0 1, of the dinzo blank solution ta tube 1,
4 Witk ey 510 and the 6 ml aperture of the Evelyn photo-

reading,
7 Add 6.0 . of absolyte methyl alcohol 10 each of he 2 tubes
8 Fifteen Minytes tater, set the galvanometer scale at 100 per
<ent Yansmission with tube | (blank ) 1n place ang then read tuhe
(unknuwn). This gives the total bifirubim reading,

Comments

L The above proceduse js designed for the Evelyn photometer
But may be readily adapted ¢4 other photometers, 4 number 51 filter
B used g the Klen-Summerson instrument, If o epectrophotometer
1S used, the detenninah'on ismade at a waye fength of 540 my and if
the scafe *eads direetly 1, density, the blank tube is set at O density
with the ofsy adjustmeny contro}
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2. I the serum is quite icteric, it should be diluted 1:100 rather
than 1:20. It is always desirable, if possible, to make a dilution
such that the reading on the galvanometer scale is between 10 and
90 per cent transmission.

Preparation of a Standard Curve

1. By the use of an analytical balance weigh out accurately about
10 mg. of pure bilirubin,*

2. Quantitatively transfer the bilirubin to a 100 ml. volumetric
flask, Make up to volume with chloroform {C.P.).

3. With a 10 mi, volumetric pipet, pipet exactly 10 ml. of the
concentrated standard into & second 100 ml. volumetric flask. Make
up to volume with ahsolute methyl alcohol.

4. Pipet 2, 4, 6 and 8 ml. of the dilute standard into each of 4
cuvettes. Add 1.0 ml. of freshly prepared diazo reagent to each
cuvette and to a “blank” euvette. Add sufficient absolute methyl
aleohol to each tube to make a final volume in each tube of 10 m!

5. With the blank tube in place adjust the galvanometer to read
100 per cent transmission.

6. Fifteen minutes after the addition of the diazo reagent to the
standard solutions read the tubes in the instrument.

7. The concentration of azobilirubin in a solution is proportional
to the negatve logarithm of the light transmission Therefore, the

2_*_’12‘15/6, where € 1s the concen-

following formula applies, C =
'

tration of azobilirubin {expressed as bilirubin} in mg. pet ml, of
colored solution, G 1s the galvanometer reading and K is the con:

stant,
The value for K is calculated for each of the four standard solu-

tions. The mean of the four values 1s taken.

Interpretation
1. Conversion of the bilirubin concentration i terms of mg. per
ml. of colored solution to mg. per 100 ml. of serum 1s made by
*Eactman Kodak, Rochester, N Y or Hoffman La Roche, Autley, &
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Concentrated hydrochloric acid 15 ml.

Make up to 1 liter with distilled water
Solution B

Sodium nitrite 0.5 Gm.

Distilled water to make 100 ml.
Diazo Reagent

Solution A, 10 ml.

Solution B, 0.3 ml.
Diazo Blank

Concentrated hydrochloric acid 15 ml.

Distilled water to make 1 liter
Solution B and the diazo reagent must be made before use,
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il

Examination of Urine Pigments Related
to Hemoglobin

Urobilinogen

Technic

1. A two-hour urine specimen is collected, preferably from 2:}0
4 pan. The patient voids at the beginning of the period, duc:’:;,i
the vrine, drinks a glass of water, and vouds two hours later, ] 1
volume of the latter specimen is recorded, m;d the Ehrhich reaction
1s measured within one-half hour after voiding. )

2. Pipet 125 mi. of urme wnto each of the two 5mi tubes accom
panying the comparator block.
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3. To one tube add 1.23 ml. of Ehrlich's reagent, mix the con-
tents by inversion, and approximately 15 seconds later, add 2.5 ml.
o a saturated aqueous solution of sodium acetate and mix thor-
oughl

EN ):To the other tube, which is 1o serve as the blank, the reagents
are added to the urine in reerse order to prevent color develop-
ment, First 2.5 ml. of the solution of sodium acetate is added and
the contents are mived thoroughly. With constant shaking, slonly
add 1.25 ml. of Ehrlich's reagent.

5. The blank and reaction tubes are placed in two adjacent
openings in the comparator block and the shiding scale of dye stand-
ards is adjusted as necessary to bring the standard first selected
for matching bebind the blank and a vial of water behind the
unknown tube. If the match of colors obtained by holding up the
set in front of a light is not satisfactory, o stronger or weaker color
standard is moved into position behind the blank until the best
wateh js found. {nterpolation may be made i 0 is evidem that
the color intensity lies between the two standards. If the blank
develops a pink color or if ihe mlensny of the unknown is higher
than that of the color ding 1o a urobili
concentration of 0.6 mg. per 100 ml., further dilutions of the wrine
should be made, that is, 1:2, 1:4, or 1:8 and so on.

6. The total amount of urobiltmogen for the two-hour period is
caleulated as follows:

ml. urine
Standard Reading X 4 X excreted in 2hrs X any further dilution
{mg./100 mL) 100
== Ehrheh Units per 2 hours
Example. Standard used in matching, 0.30 mg./100 mi.; two-
P 2
hour urime solume 85 ml: no additional dilution,

030 X 4 % f—f{; = L0 Fhrhch units'2 hours.

Precautions

1, The urine must be cooled to soom temperature and analyzed
within 30 minutes after yording. 1f the urine 1s allowed to stand
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for a Yonger period of time, the urobilinogen is oxidized to urobilin,
a compound which does not react with Ehrlich’s aldehyde reagent.

2. The saturated solution of sodjum acetate must be added to
the unknown tube approvimately 15 seconds after the urine has
been shaken with Ehrlich’s reagent. The reason for this is that the
color of the Ehrlich aldehyde reaction, as developed in the urine,
deepens gradually as time elapses from the onset of the reaction,
and this deepening in color with fime js due to nonurobilinogen
reacting substances.

3. The sodium acetate used must be pure, and the solution must
be saturated (crystals of sodium acetate should be present in the
bottom of the bottle). This is of particular importance insofar 2s
the blank solution is concerned since if the hydrochloric acid is
not fully changed to acetic acid a partial Ehrlich reaction will
ensue, and the resultant value in Ehrlich units will be too low. [f
the sodium acetate is not pure, the color developed may fade rapidly
with time.

4, After the color has been developed, the solution should be
read within five minutes. Fading may occur after this time even
when pure sodium acetate is used.

5. Bilirubin, if present, will interfere (high values) with the
determination of urobilinogen. I the degree of bilirabinuria is not
great the determination can be carried out satisfactorily by first
dilnting the wrine with 2 volumes of distilled nater. 1f thc‘re are
large amounts of bilirubin the urine should be cilmc‘lcd with an
equal volume of a 10 per cent aqueous solution of barium chloride
and filtered through a hard filter to remove all preciputate. Porpho-
bilinogen, which 1s present 1n the urine of patients with acute m\'r;-
mittent porphyria, produces a pink aldehyde ﬁompcupd ;v;l)
Ehrlich’s reagent. These two sub can be diff e ;y
adding a few ml. of chloroform to the reactron tube. The azze ;}:w
compound of porphobilinogen remams in the aqueous lraction
while that of urobilinogep 15 extracied by the chlornlormA -

6. The method is applicable to the 2 -hour urine provided ‘l' 3
following sules for the collection of urine are adhz:ml ;o slni :(
The prine must be collected in a dark botile to which F'”""ﬁm
sodium carbonate and about 25 ml of petraleum cllhlcr ‘:" e
sdded. If these precautions are not followed. the u;o n; "mT;:).yde
be oxidized to urobilin which does not react with the ak

reagent
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TauLe 57.—~Bile Pigment Values in Various Types of Jaundice

Prehepatie Hepatic I Posthepatie

Constta-
Hemo- yional Hyper. Hepato | Hepato-| Tncom. | Com.
iyuc bilirubin- |Cellular|Canahe-| plete | plete
emz ular
—_—
Urine biltrubin )] 0 0 o b
Urine urobilmogen [01—15] 5-20 01-15 101-10f0-) | 01-5] 602

EU/2 brs.
Stool urobtlmogen | 50-300] 400-2000] 50300 |10-200] 0-200 | 10-200] 0-5

EVU/100 6m

Determination | Normal

The ranges grven are representative and are not ghsolute Repested detrrpuns
tions Are more valuzble than a single determmation

Saturated agueous solution of sodwm acetate
Sodium acetate (3H,0) C.P. 100 Gm
Distilled water to make 100 ml.
Heat to 60 C. and allow to cool to room temperature
A large excess of crystals should be present in the hottom at
all times.
Urobilinogen standards and comparator blocks
The comparator block is manufactured by W. A. Taylor Co.,
Baltimore, Md., and can be purchased from the Wil Corporation,
Rochester, N. Y. The Will Corporation supplies the parat
blocks filled with vials of dye standards and water. The accessory
pipets, rubber bulbs, cork stoppers and wide-mouth bottles are
procurable from this source. The solutions of dye are stable. and
if contamination and unnecessary exposure 10 hght are avorded.
the color densities should remain unchanged indefimiely.

REFERENCES
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pen VA sunple method for the quantative recording of the Ehrbih ge
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interpretation

L A positive test is indicated by the rapid appearance of a
blue or purple color on the mat around the tablet. The color which
develops is stable over a cousiderable period and delayed color
reactions are rarely observed so that precise tuning is not essential,
The intensity of the color reaction may be graded from = {trace)
to -++--F~+. Color appearing on the tablet is disregarded. If no blue
or purple color appears on the mat, the test is negative.

2. The test is extremely sensitive and is capable of detecting
0.125 pg. of bilirubin. By the use of a dilution procedure it is
possible to determine roughly the amount of bilirubin present in
urines ining high ions of the pigment. The urine js
diluted with water until a faint positive test is obtained. This dilution
contains approximately 0.05 mg. per 100 ml. and the concentration
may be calculated by the formula

Dilution factor X 0.05 = Conc. in mg /100 ml.

3. Traces of protein gise a pink color which is readily distin-
guished from the color produced by bilirubin However, the presence
of protein reduces the intensity of color at all concentrations of bili-
rubin and reduces the sensitivity of the test.

4. When urine is exposed to room temperature, there is a pro-
gressive loss of detectable bilirubin. Urine must be analyzed
within 30 minutes after voiding or stored in the refrigerator. At
5 C. no loss occurs over a period of 16 hours.

Reagents
The tablets and mats are marketed under the trade name of
*Jetotest” and may be purchased from the Ames Company. tne.

819 MeNanghton Ave., Elkhardt, Ind

REFERENCES
1 Fazs, A H avp Fagg, JI M A simple tewt for bilirubin Gastrormrrology 24
53 .
2. K:::s'xllz G anp Buncaros, L An improved test for bilirutna 10 urme New
d J Med 248- 712, 1933
3 <a§:::::. H, L(;s;m Orren, A V., avp Revwn, M A qew teat for Waliruban
1n vrme Am J. Cln Path 27 607, 1933
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Hemosiderin

Ron SULFIpe TEST

Technie

1 Ccntri!uge 2 specimey, of urine and place one drop of urine
Sedimeny On a glagy shde,

2 A one drop of 30 per Cent aqueqys Ammonjyg, sulfide
solution,

® ron jn the hcmasiden'n reacts wip, 2mmonjy, stlfide 4,
form blacy 8ranuleg of ferrjc sulfide of Yarying Sizes, Tp, blacy
Branyjeg may pe ound scparately or inclyg, in €pithelia) cells,
casts, op 2Morphoyg debrig, Hemog 0bin does not give 5 Posttive oy

PRUSSIAN Blyug REACTION
Technic

1 Cenmfugc 15 mi, of Unine 1 4 raduateq 15 m} centrifyge
tube,

2 Dray, off ang discarg the SUpernatap, solutioy, dowy o the
Imi mark,
3 Suspenq the Seditneny n the SUpernagang olution
4 n eqya) Volume o Per ceny l:ydxoch)onc acid apg i
5 Ad, ml of 4 0 per cent aqueoy, solution of Potassiyp,
g

1 Hemoszderm appears 5 deep blue Particleg i, the sedimeny
If the color iy R0t vigrhle BTossly, (he ediment shoylg be EXamineq

zcrosl:oplcally. Hemoslderin 2Ppears g4 blue 8ranyleg i
thel;a) cells, g AMorphoy, sediment, and occasiona"y as blue»pig-
Mented casts,
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2. The amount of hemosiderin may be graded as follows: 1+,
blue-stained granules visible microscopically but not grossly; 2+,
blue granules in the tip of the centrifuge tube; 3+, a blue button
in the tip of the centrifuge tube; 44, blue pigment visille before
centrifugation.

Interpretation

Hemosiderinuria occurs (a) in patients with intravascular
hemolysis, and (b) in patients with hemochromatosis. Except in
patients with } b is, h inuria is usually asso-
ciated with hemoglobinemia. H iderinuria is 1 with

hemoglobinurra in patients with a marked degree of intravascular
hemolysis,

Reagents

Ammonium sulfide solution (30 per cent)
Ammonium sulfide {conc ) 30 ml
Distilled water 70 ml.

Hydrochlorie acid {5 per cent)
Concentrated hydrochloric actd 525 ml.
Distilled water to make 400 m!

Potassium ferrocyamde solution (10 per cent)

Potassium ferrocyanide solution 10 Gm.
Distilled water to make 100 ml.

REFERENCES

1 Crossy, W H asp Dastesuen, W The wignificance of hemoglobinemts and
awactated hemoglobmuna with particular refereare to sarioge types of
hemolytic anemra J Lab & Clin Med 33 829, 1951_

2 Han, T H Hemoglobmuna Am J Med 28 99, 193%

Porphobilinogen
Technic
1. To 5 ml of freshly voided urine in a test tube add 5 ml.

of Ehrlich’s reagent and miv.
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TABLE 88 —Clinical Manfestations and Laboratory Findings in Various Forms
of Porphyria and Plumbism®

Enythro- Hepatic Porphyria
potetic Acute Cutanea Plumbiee
Porphynis | Intermutent | Tardg | Mived Type
Age Infants Adults Adults | Adualts All Ages
Photosensitryity Present Absent Present | Present Abseat
Red teeth and Present Absent Absent | Abment Absent
bones
Psychiatnic dis- Absent Usually Absent | Absent Present
turbances present
Abdominal symp- | Absent Usually Abeent | Occasionally | Present
toms present
Neurologic signs | Absent Usually | Absent [ Qccaswonally | Present
present
Color of urine Red Brownish- | Red Usually por- | Normal
redt mal, rarely |
red I
Porphobimogen | Negstve | Posve | Negamne| Poumven | Negame
Yofpse !
! | tients
Uroporphyrmn Absent Present | Present . Usually | Absent
zinc-complex | ! present
Coproporphyrizunia j Present l Present | Present | Preseat , Present

*Modified from S. Schwartz, Clinwal Aspects of Porphynn Metabolim, Yet
erans Adm Technical Bullenn, TB-JD-94, Dec 1, 1953

tThe color of the urine vares from brown to red and 1¢ often described v
“port wine ™ Frequently the fresh urine 19 more or less normal in color, but on
standing sm the lrght alowly darkens so that in a few hboury it 15 deep hrowneke
red or even black Ths 13 due to porphyrin precursors and other chromogens of
unkniown constitution which are slowly changed 1n hght and air to the corre
sponding porpbyrins and pigments To produce the change rapudly the unne
ray be boued for 30 muutes, the darkeming starts m s few minutes and 1s con-
plete in half an houn. A symilar color change will eccur in the urime of panents
with alkaptonuria or melanuna

Reagents
See p. 223
REFERENCE

Watson, C- J. aND Scawantz, S A simple test for urmary porphubilinogen Peoc
Soc. Exper. Tiol & Med, 47 373, 1981
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REFERENCES
! Scumygy, o Chmical gypecrs of porppy,. Betaboy, CteTang Ay Tech
Buyr g 1094, pe, . 1953, Goy pp, 178 Offce, "ngton 25 1y
2y I Porphy e " Ady Iy y  €dited by <k ang 1 Snappe
W York, Year Boog Pubpy, 954, v,
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Technj,
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5. Add 5 ml. of distilled water, shake for 30 seconds, draw off
and discard the lower aqueous layer.

6. Repeat the water washing tno more times,

7. Add 10 ml. of 5 per cent hydrochloric acid.

8. Shake for 3 minutes.

9. Draw off the lower acid layer into a test tube and examine for
red fluorescence under 2 Wood’s lamp* (Ultraviolet),

Interpretation

1. Normal urine when studied in the above fashion gives little
or no fuorescence. I brilliant red fluorescence appears, especially
when the hydrochloric acid is diluted 1:10 or 1:25, the presumptive
test for coproporphyrinuria is positive. A control (normal) urine
should always be run simuttaneously and the highest dilution of the
unknon n which will give a comparable degree of fuorescence should
be determined.

2. This test is markedly positive in plumbism and i patients
with porphyria (table 58). Coproporphyrinuria, of lesser degree, 15
also present in patients with liver disease. pernicions anemia,
aplastic anema, infectious diseases, acute rheumatic fever and potio-

myelitis.

Reagent
Hydrochloric acid, 5 per cent 115 N)
Concentrated hydrochloric acid (38 per cent] 52.5 ml.
Distilled water to make 100 ml

Hemoglobin, Methemoglobin and
Methemalbumin

Pipet tho ml of urine nto each of four small test tubes IWaw-rl-
man tubes). If the wrne contains sediment it should be ("t‘r:’lnfugm
hefore use. Examine as outlmed under “Methemathumin” 10 the
section on “Examination of Blood Pigments Related to femo-

*A very atsfartory lamp, the “Inepectohtr * may be purchased Trom the Han
ovta Chemical and Manufactunng (o, Newark, NJ
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ment. First 2.5 ml. of the solution of sodium acetate is added 2nd
the contents are mixed thoroughly. With constant shaking, slowly
add 1.25 ml. of Ehrlich's reagent.
11. The blank and reaction tubes are placed in two adjacent
openings in the comparator block, and the sliding scale of dye
dards is adjusted as y to bring the standard first selected
for matching behind the blank and a vial of water behind the
unknown tube. If the match of colors obtained by holding up the
set in front of a light is not satisfactory, a stronger or weaker color
standard is moved into position behind the blank umil the best
match is found. Interpolation may be made if it is evident that
the color intensity lies between the two standards. 1f the blank
develops a pink color or if the intensity of the unknown is higher
than that of the most concentrated standard, the filtrate should be
diluted 1:10 with water. Since matching the densities of color js
most difficult 1n the lower range (0.1 mg. per 100 ml. and below),
it js advisable to use the diution of filtrate, if possible, which
will produce densities comparable to those found in the higher range

on the block.
12. The total amount of urobilinogen 1s calculated as follows-

Standard Any
reading X 160 X Further = Ehrlich units per 100 Gra. of feces,

(mg./100 ml.) Dilution
Example: Stapdard reading, 0 5; filtrate dhluted 1-10
0.5 X 160 X 16 = 860 Elirlich units 100 Cm of feces

Precavutions
1. These are the same as described under the determination of

urobilinogen m wrine (p 2215.
2. It should be noted that the ferrous sulfate solunon must be

prepared fresh each time

Inferpretation
1 human adults excrete from 50 to 300 Ehrlich units per

alues above 400 units per 100 G, irtdicnlc
jon on

Normal
100 Gm. of feces. V .
an increased rate of hlood destruction. A single determmal

one day is insufficient to prove the presence of complete biliary
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obslrucu’on, such ag g c)mmcterisu'c of cancer of the bxliary tract,
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hrlich (Ielermmahon °" a randon, sample vy often giye all of
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CRtesentatyy values 1 Various types of Jaundice are give i

table 57,

Rengems
See p, 223
REFERENCES
See p 221
Hemoglobin
Technic

L By the use of 5 Wooden applicator, 4 thin Jaye, of stool s
Smeared gy o, 2n areq of about ope Mg the center gf 5 Prece
of cleay filter

2 Adg Wa drops of guajae solutjon
3 Adg o dropg of Blacya} acetic acyq,
4 Adg 10 drops of hydmgen Peroxide (3 per ceny

’nlerpretution

€ Tesult is Positive 1f o blue or datk green color APPears, The
Tesults May pe ded Toughly 44 follows. mmediage deep blye,

gra
3 moderalely deep blye color 3Ppearing ,, about g9 seconds,
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2 or 8+; slight but definite blue color developing in 1 to 3 minutes,
1 or 24; slowly developing faint blue color, trace; no blue ealor,
negative. The blue color which develops fades progressively with
time to green-blue and finally blue-green. A faint green color occa-
sionally appears if the stool contains jron but no hlood,

Comments

1. The reagents must be added in the above order and in the
approsimate volumes given.

2. If the result is negative, it must be established that the
reagents are active jn detecting hemoglobin. This is done by per-
forming the test on one drop of diluted blood {one drop of normal
blood in 25 ml. of water) added to n piece of filter paper.

3. Certain batches of filter paper may give a trace reaction, This
can be easily checked by performing the test without adding
the stool.

4. Care must be taken to avoid contamination of the filter paper
with blood from the bench or glassware.

5. It must be stressed that thus simple, crude test will not do
the thinking for the clincian. The test must he perfornted on a
number of stool specimens before it can be concluded that there
is no gastrointestinal bleeding. Consideration must he given to
the possibility that gastromntestinal bleeding occurred in the past
but not during the few days preceding the examnation or that a
nonbleeding gastrointestinal lesion 1s present Finally, for un-
explained reasons, either false posttive or falke negatite tests may
he obtamed in a small number of patients

Reagent
Guaiac solution )
Saturated solution of guaiac erystals m 95 per cent ethyl

alcohol.

REFERENCES
1 Hotmr, § O, Buss, W R, avo Kacrrwan, J Chinecal evaluation of ranous
tests for occult blood i the fecea JAMA 111 1213, 1919
2 Pemasto, A asp Baccer, M The detection of occult bloed mn feren mrlu\d[m:
obseryations on the ingestion of iron and whate blond § Labh & Chin Ve

38 433, 1951
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myeloma, Raynaud’s syndrome, purpura, chronic Iymphocytic leu-
kemia, and a variety of other disorders. The most prominent symp-
toms attributable to eryoglobulinemia are sensitivity to cold,
Raynaud's syndrome, purpura or urticaria and a tendency to exces-
sive bleeding from the mucous membranes, Retinal vein “throm.
bosis,” arthritis, and progressive deafuess have also been described,
Search for cold precipitable proteins should be made in all cases of
peripheral vascular disease, of multiple myeloma, p i
purpura, oozing or hemorrhages from the mucous membranes with.
out obvious cause, and in all patients who present symptoms refer-
able to exposure to cold.

6. Cryoglobulins may be semiquantitated by filling a hematocrit
tube with serum. The hematocrit is then placed in the refrigerator
for 3 days, after which it is centrifuged for 30 mnutes at 3000
R.P.M. in a refrigerated centrifuge at 4 C. The per cent volume
of the sedimented and packed cryoglobulin is then read as a
“eryocrit.”

REFERENCE

Mackay, I R., Estxsen, N, Morvisky, A G, axo Voueirer, W: Cryouand
Macroglobulnemia, Am J Med. 20 564, 1956,

Euglobulin Test

Technic
One drop of serum is allowed to drop into a cylinder filled with
distilled water to a depth of about 25 ¢m.

Interpretation

1. The test is posiuve when a massive precipiate appears im-
mediately and settles rapidly to the bottom of the vessel mlhlou!
formation of any diffuse cloudiness behind lh? sedx.mrnh'ng ﬂn‘c)t;; es.
The precipitate is readily soluble i physiologic saline l ll u:
cloudiness in the water is observed with many different pathology
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REFEREN, CES

1 Luuu., Cp, L‘rntu, H, anp Wu.nnmau. 1 clycapmum. in serym
from Pabirnpy with myelom,, m-ooglobuhnemu 20d relareg €ondition, Am.
I Meg, 22 23, 1957

2 WAlntvsrén, 7 Abnnrmxl Proteins mycloma, 7, Ady Iy, Med. editeq by
w Doct and f Srupper, Clucagy, Year Book Pubblherl, Inc, 1952, yop 5

Bence-Jones Proteins
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Interpretation

1. In a urine initially containing no albumin, or one from
which albumin has been 1, the § of Bence-Jones pro-
tein will be indicated by increasing tucbidity when heated at lower
temperatures (approximately 45 C. to 60 C.), followed by com.
plete solution of the precipitate at higher temperatures (80 C to
160 €.), and reappearance of the precipitate on cooling to 85 C.
to 65 C.

2. The urine must be heated in a water bath, slowly raising the
temperature to 100 C. during a period of 15 to 20 minutes. More
rapid heating may result in a false-negative reaction,

3. The albumin must be filtered off while the urine is boiling.
This can be done by bLoring two holes in a rubber stopper. The
funnel stem is inserted into one hole, A glass tube with nn angle
is inserted into the second. The rubber stopper is then fitted tightly
into a wide, short tube. The entire tube and about two-thirds of the
funnel are immersed in boiling water contained in a beaker. Boiling
urine is then poured onto the filter paper and albumin-free urine
is collected in the collecting tube belaw.

4. If the above lest is negative for Bence-Jones prateins and the
diagnosis of multiple myeloma is suspected, it 15 desirable to add
several drops of Pandy's reagent isaturated aqueous solution of
phenol made by melting 6.7 G, of phenol and dissolving in 100
ml. of water) to the albumin-free urme and repeat the test This
may enhance the detection of small amounts of the protem.

5. Bence-Jones protein will be found m the vrine in approvi-
mately 40 to 47 per cent of the cases of multiple myeloma Bence
Jones protein has very rarely been found 1 disorders other than
muyltiple myeloma: leukemia, polycythemia vera, carcinoma n
hone, senile osteomalacia, multiple bone fractures anil tuhercujosis.

REFERENCES

1 Avsws, W, 5. Aring, E Lo, awo Lawngucr, § § Mutuple aneloma Am J

Med o 141, 1949 o 1
2. Savkufter, S A ainple amd senwitne test for Beace Jones proten 4m

Chin Path 22; 282, 1932
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3. Add 0.2 ml. of inactivated serum (56 C. for 30 minutes) to
each tube.

4. Shake the tubes well and Jet stand for 3 minutes.

5. Centrifuge at 1500 R.P.M. for 10 minutes,

6. Remove the supernatant fluids with a capillary pipet. Make
sure to transfer only clear supernatant fluid without particles,

7. Set up two rows of ten tubes each (10 x 75 mm.).

8. Add 0.25 ml. of physiologic saline to all tubes except the
first tube in each row.

9. Add 0.25 ml. of the serum absorbed with guinea pig kidney
antigen to each of the first two tubes in one row and mix.

10. Add 0.25 ml. of the serum absorbed with beef cell antigen
to each of the first two tubes in the second row and mix.

11. Transfer 0.25 ml. of the contents of the second tube in each
row to the third, mix, etc, Discard 0.25 ml. from 1he Jast tnbe,

12. Add 0.1 ml. of a 2 per cent suspension of sheep cells to
each tube in both rows. Shake the tubes. The final serum dilutions
are 1:7, 1:14, 1:28, 1:56, 1:112, 1:224, 1:418, 1:896, 1:1792,
and 1:3584.

13. Let the test tubes stand at room lemperature for 2 hours,
Shake the tubes to resuspend the cells and read for agglutination
with the naked eye. If no agglutination is visible in any of the
tubes it 1s desirable to place the tubes in an almost horizontal
position on the stage of a microscope and read with a low power
objective.

Comments

1. A 2 per cent boiled suspension of horse kidney can be sub.
stituted for the gumea pig kidoey antigen.

2. Tt 15 recommended that every time new reagents are usfd.
a positive control serum of known titer be run The use of a poutive
control serum in the pesformance of the tests assures that the technic
is being performed correctly and serves as a check on the potency

of the reagents.

tnterpretation

1. Heterophilic antibodies are antibodies that have the abahity
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pig kidney (i e., in twofold serial dilutions the drop does not exceed
3 tubes) and the amisheep agglutinins are completely removed after
absorption with beef red cells. Interpretation of the differential test
is summarized in table 59, Examples are given in table 60.

Reagents

Guinea pig kidney antigen, beef erythrocyte antigen, sheep ery-
throcytes, and positive control serum may be purchased from a
number of sources and are entirely satisfactory. Examples of satis.
factory sources are as follows: American Hospita) Supply Corp.,
Evanston, lil. (these products are prepared by the Mount Sirai
Medrcal Research Foundation, 2750 West 15th Place, Chicago, 1L,
under the direction of Dr. I. Davidsohn}, Ortho Pharmaceutical
Corporation, Raritan, N. 1., and Certified Blood Donor Senvice,
Inc., 146-16 Hillside Avenue, Jamaica 35, N. Y.

Taere 59 —Diferential Test for Infections Mononucleoss

Heterophil Antibody Abrorbed fy

Heterophil
Antibod, o
Gromp T C P Kudney |Beel Eryihrocytes
0% 17 ~12 Complete o
Normal m%~—— Complete Partial’
Complete or
Othes Diseases’ 17 —18% Complete Partual®
i
Serum Suckness 11—t | Complete 1 Complete
e e
afesous | 2% 17 13 eplete | Gomplte

Mononucleosts '™ 75g5 11 224 — 1 200,000
! — -
“ires hepatin viras prewmam, haphoma, Jeukemis, polyerthemna, toberee
losis, ete. X
"acomplete removal 1n sbout s of indwviduste

*The titer may decrease 110 1 tubes (2 lold dilotionsd
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o H 1t Negative foq 1 4y
154 o Pouite 7o
17 [ DPosttive for 14
[ ! 0 Negative for 1 4
0 17 Vegative for 1 yy
i T 0 e
17 [ DSitive for 1 3y
[3 o Negative for 1 41
0 / 17 ecative fog 1 47
EFERENCES
Drvinsgyyy o Teet foy infectiog, oNCeng g Clin Payy 4 56,
153
2 K an Hiwsct, ¢y hllerentia ey 1, "eCt0NS Mmooy,
cleosty 4 ha Py 101, 195,
3 2 Corpry, 3y The uee of horee Kuney the differeny, test for 1
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sources (for example, Fisher Scientific C mpany, St. Louis, Mo,}.
1t is not ded that the physician or student prepare his
own standard solutions,

Physiologic Saline (0.85 per cent sodium chloride)

Sodium chloride 8.5 Gm,

Distilled water to make 1000 ml.

The sodium chloride must be chemically pure (C.P.) and must
be dried in a desi prior to weighing. If the solutions are stored
in glass-stoppered, tightly closed bottles they will remain standard
for months.

Cleaning Solution

Dissolve 100 Gm. of powdered potassium dicl in about
200 ml. of water. With caution, slowly add about 800 ml, of tech-
nical grade sulfuric acid to the dichromate solution in a pyrex
container,

Silicone Glassware

Needles are prepared by routine cleaning methods and then
bailed in a 1 per cent solution of “Arquad—2C"” (Armour) for 2
minutes. They are then rinsed with distilled water, allowed 1o dry
and may be autoclaved as desired. The silicone surl_nce shoutd be
applied after each use. Arquad 1s removed by washing the needle
in soap and warm water.

Syringes are prepated by placing a small amount of Dow.Corn-
ing® Silicone Stopcock Grease in the bore of the syringe. The grease
is spread by moving the bore in the syrnge.

Centrifuge tubes, test tubes and other glasswufc are prcpar'!i'd
by dipping them in a 1:100 dilution of Dow-Corning Z 4131 aih-
cone solution, followed by a water rinse. The water rinse removes
excess solution from the glass surface, and thereby presents spot-
tng. The glassware may then be dried in the air for 21 hours

or dried at 100 C, for 10 minutes. Glassware prepared in this
umber of times before it must be

manner may be washed a n
coated again
*Midland, Michigan
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Corpuscular constants, 41
normal values, 48

Cover glasses, 69

Cryoglobulins, 237

Donath Landsteiner test, 158
in disease, 138
Drabkin's solution, 36

Ehrlich alderhyde, reaction, 203
reagent, 223

Elhptocytes, 76, 77, 79, 133

Eosinopluls, enumeration of, 66
normal values, 86

Erythrocyte, abnormal forms, 13, 77
count, technic of, 15
motphology, 13, 47, 77
normal values, 48

Euglobulin 1est, 238

Fetal hemnglobin, determinanion of, 166
Fibrinogen, test for, 130

Gower's solution, 22
Guaiae solunon, 236

Haptoglobm, 201
Hayem's solution, 23
Hemnz hodies, 90
Hematoenit, 8
Heme pigments 1 <erum, 213
Hemocytometer, 3
cleaning of, 3
cover glass, 3
Fuchs Rocenthal ruling, 67
Speirs Levy chamber, 67
Hemoglobin, apnormal, 133, 168
catabolism, 199
carbon monoxide, 210
cyanmethemoglobin, 27
determination of, n bloed, 23
m serum, 213
m stool, 235
n unne, 232
feral, 166
formula, 199
methemoglobea, 211
normal values 10 blood, 48
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Sahli method, 23
sulthemnglobin, 211
Hemoglobinometers, 6, 27
standardization of, 20, 29
Hemoglolinopathies, 133, 16§
Hemolysins, cald, 156
complete, 150
defimition, 136
Donath Landuteiner, 158
in hemolytic ancanta, 136
Hemoly«is, auto, 164
antravascular, 203
test for 1n PN H. 159
Hemolytue anemua, Iule prgment meta
bolism in, 206, 223
blood emear tn, 131
bone marrow jn, 188, 191
cfasafication, 132
dragrastie leatures, 130
Hemolynie index, 209
Hemophilia, tests for, 127
Hemorrhage, bone maccew 1a, 183, 191
causes of, 101
Hemorrhagie drorders, 100
bone marrew 1w, 188
cause of, 101
classification of, 101
Hemouderin, 1 bone marcow 183
m urnme, 131 227
Heterophtl entibody test, 231

Teterys Jndex, determenation of 43
m hemolytse anema, 131
normal valuex 18

Infectious mononucleeus 241
buone marrow an, 197

Jaundice  binchemutry of 193
clasafication of, 206
pathophystulogy of 203

Leail poreoning 230
bone mrarrow in U2

L.E. cell. %

Leukerma 86
alkaline phosphatsse 1 93
bone matrow . 191
perouidase reattion, 91
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Standard deviation, 1

Statistieal method, 1

Sternal punciure, examinanon of smear,

182

preparation of acpirated material, 182
techmic of, 180

Stoo]l pigments, 233

Sullkeraglobin, 211

Target cefls, 76, 77, 79, 134
Thromboptastin, preparation of, 118
Tourniquet test, 107

altesations 1, 103
Trypaen test, 147
Turk's diluting Rud, 66

Urine prgments, 220
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Urabtlinogen, formation of, 200
in stool. 233
W unne, 20

Uraporphyrin, 231

Van der Bergh 12xt, mechanism of, 202
n serum, 217
Vetapuacture, technic of, 10
Volume of packed platelrts, $3
Volume of packed red cells, determina
tion of, 39
normal values, 41, 48
Volume of packed white cells, 42

Wet blood, examination of, 13
Wright's stan, 71






