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Preface

This book is the outgrowth of an outline of
laboratory methods prepared for the use in the
teaching of medical students and laboratory tech-
nicians, It is not designed to be a textbook of
Clinical Pathology in zi:t it does not discuss, ex-
cept incidentally, the clinical significance of the
results of the tests. In most instances only one
method is included for each determination. The
procedures are given in outline form so that they
may be easily followed step by step in the labora-
tory.

The author especially desires to express her
appreciation and thanks to Dr. J. P. Simonds
for his encouragement and helpful suggestions
in the preparation of the manuscript; to Dean
J. R. Miller for his interest in the book; and to
all the individuals whose interest and suggestions
have been of assistance. Special thanks are given
to Miss Edna Murmann who carefully proof-
read the manuscript and made many helpful
criticisms, and to l&.l&s Lucille Cassell and &ISS
Rosamond Howland who made most of the il-
lustrations. The author is deeply grateful to the
following technicians for valuable suggestions:

Mrs. Arlene LeSuer, Miss Dorothy Siemsen, Miss
Annie Laurie Peeler, and Miss Helen Gurley on
Chemistry; Mrs. Eleanor Mﬁ?rmrd on Hematol-
ogy; Miss Eleanor Strack on Electrocardiography;
Miss Alyce Anderson and Miss Esther Cheatle
on Tissue Sectioning; and to Miss Betty Matz and
Mrs. Jean Zieke for help in typing the manu-
script.

The writer is greatly indebted to the Common-
wealth Fund for the use of the five colored plates
on the morpholegy of blood cells from Black-
fan, Diamond, and Leister’s Atlas of the Blood
in Children; to Miss Louise Endicott of the

‘National Institute of Health, United States Pub-

lic Health Service for the use of the three colored
plates on malarial parasites from Miss Aimee Wil-
cox’s Manual for the Microscopical Diagnosis
of Malaria in Man; and to Dr. A. C. Cartis,
Professor of Dermatology, University of Michi-
gan, for the use of his excellent pictures of fungi.

The author wishes to thank the publishers for
their co-operation and helpful suggestions in the
preparation of this manuscript.

OraL E. HepLER



Foreword

The clinical laboratory is an essential part of
current medical practice. Through its use, mod-
ern medicine is approaching the status of an exact
science. The extent and manner of use of the
clinical laboratory is a measure of the quality of
medical service rendered by the staff of any hospi-
tal. Since the actual work of such laboratories is
usually done by technicians with varying degrecs
of training and experience, the more detailed and
explicit the available instructions for the per-
formance of the various tests, the more accurate
and dependable the results of such tests are likely
to be.eE].'his Manual of Laboratory Procedures is
intended to be just such a guide.

As stated in the Preface, this Manual is the
outgrowth of an outline prepared several years
ago for use in the laboratory by medical students
in the course in Clinical Pathology in Northwest-
ern University Medical School. By gradual ac-
cretion it has grown to its present size. The
method of presentation of the subject matter is
the result of the author’s extensive experience
-in teaching medical students and student techni-
cians and in directing the clinical laboratories
of the Montgomery Ward Clinics and of Pas-
savant Memorial Hospital. This method of pres-
entation is based upon the principle that explicit
directions are necessary, particularly for begin-
ners, if laboratory tests are to be done with ex-
pedition and accuracy. Each test is, therefore,
treated as a unit; that is, the principle of the test,
the various steps in the order of their perform-
ance, the calculation of results and their interpre-
tation and significance, the sources of error and
the formulae of the solutions used, are all given
in systematic order and in simple language. This

by step method is a unique feature of this
R :

This Manual has gone throu%h several previous
editions in planograph form. Of the last edition
there were four reprintings. Without advertisin
of any kind and without review in any medi
journal, the demand for it became so great that
its publication in book form seemed desirable,
It been used in many civilian hospitals
throughout the United States. During World
War II requests for it came from numerous mili-
:{ hospitals in South America, North Africa,
I ¥ France and the Western and Southwest
Pacific areas, It has, therefore, proved its value
under the most varied working conditions. The
Frcsent edition is much larger and more extensive-
illustrated than any previous one and its use-
ess should be proportionately enhanced. The
illustrations and <Eagrams of different types of
complicated apga.mtus—such as the electrocardio-
graph and the Van Slyke machine—should enable
any technician to understand the principle upon
which the particular apparatus is based and to use
it with increasing assurance and accuracy.
This is not a textbook of Clinical Pathology.
Its sole purpose is to improve the work of lgg-
oratory technicians and medical students by fur-
nishing them with explicit, step-by-step direc-
tions for the performance of the different tests.
References to the practical application and clini-
cal significance of a particular test are inserted
for the purpose of stimulating the interest of the
technician in her work. Intelligent employees
do better work if they undexstand the use that
will be made of the product of their efforts.
James P. StmonDs



CONTENTS

FOREWORD............. N s Ry e AT TR TR LAY T ST I

URINALYSIS
‘Table 1. Recording Routine UrinalysiS s« cvavssusessssaracsnamsrsuecsusorsessness
General Considerations. . v« voueuesesreceeaneoceerenesnetecassoeeescrnssnesssssanns
Collection of Urine Speciiient. « s« o s i asmmssons imaseees 5as 656 6smws agee s /banesdnas
Phytical Propetties. «'c cuss e sssssnsssvasssesonoensssmoenssnssosssssssosssssssses
CREIITA] TRBME 601555, 5 5 550 0 w1 e A T 88 W W ST SISO,
Fig. 1; Omione Crystalli:  vosvmsu@inhe samsmsames soasmessse s smvssms et see-swe sutes
Asnlyxis of Utiongy Caletll iouissconvasesn onck smpsmm s binsilh st s i e Hoi for i Sia s B
Table 2. Analysis of Urinary Calculi. ... ... ....ciiiiiiiiiiiaiiiieisoiacrnancans
Microscopic Examination of Urine Sediment. ... .....ccceiviieiircacirasiinnceaneianas
Table 3. Normal and Pathological Findings for the Addis Sediment Count..............
Renal FOrction TOBB. oo s cicva o snds o ssinsssssdssasssonsseessveeesssssassseass
Correlation of Clinical and Laboratory Findings with the Pathology of the Kidneys. ...........
Table 4. Laboratory Findings in Kidney Disease. . ......coivvevriiececrciinnnnnnan

HEMATOLOGY
Table 5. Normal Hematological Values in Adults........ T T Ty THR WP,
Collection of Blond.. . « & - viiieiiinvasamsamumsasmasdses ass ous 2eemes s s sena s nae o
Counting of Blood Cellic s vs.0 505 00 s sies vwannsus sromn siaanmssmss enes fmsame s s b oowsss
Fig. 2. Improved Neubauer Ruling on 2a Hemocytometer. . . .v.vvvviierinrnninnennn

Fig. 3. Method of Counting Cells Touching Double Lines on a Hemocytometer......... '

HemOSIODIN < o+ .6 6 16,5 5o ¢ ms o 500 1 010 8 618 5,808 8. 18 €/815 016/5 688 3183 87610 9196 8168 55 » 916 S48 > 516 A 08 848 085
Table 6. Normal Blocd Count in Children. . .......ccivneiiiiiiiiinrieeeirineennns
Indices, Cell Pack, and Total Blood Volume. ... ....ciiniiniiiiiiiiiiiiiieeninnnnnnnns
Fig. 4. Nomogram for Calculating Indices. . .....covveriieerineiriereranenanneeans
Fig. 5. Nomogram for Calculating Mean Corpuscular Values. . ............c.........
Table 7. Hemoglobin Content, Volume, and Size of Erythrocytes in Anemlas ...........
Fig. 6. Price-Jones Curve. . . c.cooviiiiiiieriiiiiiieiiiianieresnsenesanesansnnnns
Preparation and Staining of Blood Smears ...........................................
Fig. 7. Preparation of 2 Blood SmEar. ..o sssissnsnasonassssonsesaassansosssnsses

Fig. 8. Satisfactory Thin Blood Smear, Method of Labeling and Examining Smear.......
Examination of Blood Smears. . .. ....icuiiiiiiiiiiieiiciiieiiitatieate i
Table 8. Schilling’s Hemogram (Modified) ... ....0ioutienieiiiiiiinniiieinennns,
Table 9. Reticulocyte Response in Trutment (afterHaden)..........coivvvvnennnnn.
Examination of Bone Marmow . . ...v.vieiiininenerioneiseesecnonnnnnneaseensnnennnnns
Table 10. Morphology of Blood Cells (Wright Stain) . .....ccvvvvvvreinnnnes vowis % b

Fig. 9. Development of Blood Cells. .. ...c.ciiiirtiiiieiiiiniiinitcnierenennnns
Plate 1. Maturation in Erythrocyte Series....c..oivviiieniiieiininneennnnnn.
Plate 2. Maturation in Myeloid Series.....oovueeiieiiniiaieerenennrrennsonrennnns
Plate 3. Marturation in Myeloid Series—(continaed) . .. ......cvvireineennnecnnnnnnn.
Plate 4. Maturation in Lymphoid Series. . . coovintiiniiieiineeiiseeseeeenseenen.
Plate 5. Maturation in Monocyte and Thrombocyte Series. .o.oovvviieineeennnneenn.
TRIOOd PATERIERE <. o i w05 w0 57005500 w0, 0 W 80 M 580 57000 0
Fig. 10. Temperature Curves in Malaria Showing Relation to Growth and Schizogony of
Malarial Parasites. ... c.coveenoeuecnuoocoecsossessnsasassssssesssssssnssoss

Table 11. Principal Differential Points of Malaria (Stained Smear)....................
Plate 6. P. VIV i0ci o bt bialees s mms w mem v s aEs SR N RS ST S BRI SA eE

iv



Vi CONTENTS

Spirochetal DiSeases. . .ovvvinsrrririiieraraniiaensenesnas i S s ST 6% S— 81
Tests for Hemorrhagic TnERICIER .« o+ v o v mrasomme e s e s names snsaenannnesnanan 82
Table 12. Blood Findings in Spontaneous Bleeding.........cecvveriiniiinianiennnans 86
Sedimentation and Fragility of Erythrocytes............... VR S8 8 WL eI ST B SR R e 87
‘Table 13 Eragiiey Tt o sei e sfi-wmne v sy sils. b SaTdmnrs e ek 86 s e eimarbs 88
Fig. 11. Chart for Correction of Sedimentation Rate for Variation in Room Temperature. . 89
Fig. 12. Chart by Wintrobe and Landsberg for Correction of Sedimentation Rate Accord-
ing to Volume of Packed Red Blood Cells.........ccooieiieiiiieniienecancnness 90
Table 14. Values for Fragility Test.......ovvvieiiennneennn s AT BT B sesnas 91
Blood FiIndings 10 DISERBE,. .- o5 «ou 5o sinse piseisis snnasio s o o asis 515 dads sios s aismios i s wns 91
Table 15. Average Blood Findings in Different Forms of Leukemia. ......... ceeerena. 93
Table 16. Differentiation between True Leukemia and Leukemoid Reactions. .......... 94
Table 17. Average Findings in Different Forms of Anemia........cvovvuerrinnnnnnnn 96
GASTRIC AND DUODENAL CONTENTS '
General Considerations. . . .....veeveueereeensecsrrercoccsascacancnns e T 97
Obtaming COMDRIEE. « - wix 556 o 50 b &ai o600 50w o855 68 008 605 @i s 50510 iR @ W6 01816 5 4ia 8916 8 518 556 97
Different Types of Tests...vvvrinrrrerererrrenrerasennas Furerusrsiainein 2B Sows soasynarewnt 99
Routine Examination of Gastric Contents. . ........iouunueeeeresncereoacsonsnnenaennns 99
Examination of Fasting Contents..... o 67 w0 518 0 4 b W 16 0 ) N v AV SR Sy A B SR 4 8 6 R o 103
Examination of Duodenal Contents.. .....oooiuiviniinirnninennnaennnans T T T T V—— 103
Examination Of BIIE: : . cs o55 56 seisieim s vis 5 5065 s s s vsisio sne s s & 5560 oo el sins oo sz 105
LIVER FUNCTION TESTS
General Considerations. . .. .vvvieeieransnenesteuaneereseoosenasesssssasnssananns .. 106
Tests for External Secretory Function.................. N 5 0 A O R SR AT & 106
Table 18. Differential Diagnosis of Jaundice........covuieniiiiiiiaiinerinnnnnnn. 110
Fig. 13. Comparator Block, ... vcccnesmsneecvaecinnasesopensnsnsssasssssannsasss 117
Test for Function of Detoxification. . . ...veevsveesoanisnesss R B S SR 3 e S R .. 118
Tests for Function of Metabolism. . . ... cuiiiiiniiiiiieiiiieianenseseerannnesnesnnas 119
Tests for Regulation of Compositionof Blood. . ......c..coiiiiiiiiiiiiiiiiiiinanaannn 121
Miscellancons Teat « v s5v s sawsiawsns vve snsmsasnws W AR e S S e § A vo 121
FECES .
General Consideration . « s voc oo e oonionaesnasesonsonssssssnenssvasssssssssnssassssss oo 124
Macroscopic BERATINALIO . v 55 ireisras oo s sureois, fane e e 6 e §1am e e s 545, 55 me s 6 5. 124
Chemical EXamination. . . . ouuueeretorunnneeeesiaennsnssrasessnsseseecasesnnsnsnanns 125
Microscopic Examination: . s ccciccevisscisssnississsssssosscessanscs 55 ) I e B B e 126
PADRBIOIOR s.x5 56 ¢ w0 46500 5w il & 6158 0By ava Sk 510 U1 B 526 .68 W-STmne i ) Wi, B 5 W 128
F e s o 5 B Db wna g e T B e f ety B o3 AR userpuomemsri R I e B sremararmrerans 128
Table 19. Life Cycle of the Nematodes (Roundworms).......cvovveverennnneinnanns 129
Fig. 14. Nematodes—Roundworms. . .....c.uiirititiininienerinnnnnenceneesnnnns 130
Table 20. Differential Characteristics of Nematodes (Roundworms).................. 131
Fig. 15. ‘Cestodes—Tapeworms.. . « cssssssssssnenssonesosssaaniesssassscssssionps 132
Table 21. Differential Characteristics of Cestodes (Tapeworms) . .. .....covveveennn. 133,
Table 22. Differential Characteristics of Trematodes (Flukes)..... £ S e SR e o e eee 137
Fig. 16. Trematodes—TFRkes. . i om0 o0 smsnimaes aumasic nemsiensss o o wes o6 u o5 5 96 0.5 138
PLODOTOR s« x = 1156 05 415 mye mwcarmnin s 8186, oum & 510w wom w5002 0 WS 0756 Rrmin i 0186 818 8 UB0S 610 370 w18 0916 B 500 138
Table 23. Types of Stools in Dysenteries and Ulcerative Colitis........... T S—— 141
Table 24. Differential Characteristics of Flagellates. . ............. LT TP 142
Fig: 17, PEOOZOR. o s oansnsiniasiasisihs sy vayhbasseseesess R TR e ST O/ 143
Table 25. Differential Characteristics of Amoeba. . . ....viviiereeeeriiiiieenrennnns 144
SPUTUM
Macroscopic Examination. . ... oovveeniernnrrerenennennnas R srags e woied Bk U I .. 146
Microscopic Examination. ... .cccvvveeeicrvivsiiaccnnanssones s gy ¢ 8 [ s E B Bl o 147
Digestion Methods. .. cuvviiitennnieninetoeieenusnassnunnsennsasansssosssnsnssnces 149
CEREBROSPINAL FLUID
CSeneral ConBIBetBIMONG . » < 6 v s wws save ane st s w568 5.5 o 0/ e 5565 406 56 0% 406 V@ 0 's ... 150

Macroscopic Examination......... N T TN SO VT R e e e eess 151



CONTENTS Wil

Chemical Examination. . . ccccovivassnnerncsasnssnanas IR TR TN YRR CTTE 151
CYt0lOZY e ¢ ¢t v eeveersnonsoronsenncnnscersnsssssanseassssasasscsnssasassssssssasss 152
Bacteriology and Serology . .. .o.ccvieiiiiiieirasniiacrsiotionssstscsancnanssonisanns 153
Lange’s Colloidal Gold B s s S s, some Ttbi & momereimn, e Vel uh Tl an ae el B Sl 7 ha 153
Table 26. Cerebrospinal Fluid Findings in Disease............oieiiiiiiiiiiiiannnnn. 154
Fig. 18. Typical Curves in Lange’s Colloidal Gold Test........ccvviiiriiiiiiiinnnn. 156
BODY FLUIDS
Transudates and EXudates. . . ....ououiinenieneianinensicncassnononsenassonnnennasans 158
Table 27. Differentiation of Transudates and Exudates.........c.coooviviiiniiieniinianns 159
BYROPR IO« <55 0 5.5 5153 sssroudin swsmss. orssshiite Biauis wrrw iU ERm D v wer BFNE SR s 159
Semen. . .....oucurinnrnn. L R 160
PREGMANCY TESTS. oo usu s ae0iss s ammse e smssinsss s aesas sases visesees seis ve s 161
Fig. 19. Rabbit Ovaries showing Corpors Hemorrhagica and Corpora Lutea in a Positive
Friodiniaes TORE: <ia wo e e 5oce 545 56 wmren wd 5 38 § 5 B s & wid 508 5 53 870 8 50k o, i [ 8 5 058 4 Bk 959 161
BACTERIOLOGY
General Considerations. . «.ouovvseereenensreonoaencncnsossssansaassasas oo T e [axslove 163
I ICITE 5 515 e 116 51 o B 5 0 T AT b 505 W RN ST SSTR A SRR AL 5 BRI S8 57678 163
SERINB .. ¢ o 5v 0 e0 50155 018 0578 m 006 @508 01570 sia s 6160 arm o §.8 o+ o 48 /8 418 & 4810 0188 10 olm 21010 @ 06 &80 464 e wmin s 164
COLERTEE ; aeeuerns  3EEEVLE Budninnnue Sha o555 15 S¥aysnmannoBIEVE iR HlS-ealE © ord BMiVRa8 oSl TS hind 4TS BT e gnT, 803 166
Table 28. Choice of Culture Media for Different Materials. ............ccvviinnnnn. 166
Fig. 20. Method II for Inoculating Plates. . .......ccovviiinierivisnaneiannennnenns 168
Fig. 21. Microscopic Slide (3X1 inch) Marked for Smears and Showing Gram-positive
and Granvoegative Controls. ..o vissisvusssss cwnans owssessss e sensessaie s 169
Table 29. Appearance of Organisms on Blood Agar and Morphology ona Smear.......... 170
Table 30. Differentiation of Clostridia.........cviiinininianiioesncreeneeaennnas 173
Table 31. Differentiation of Streptococei. . . . cvvveerr i enneereasnaneecnannas 174
Table 32. Distinguishing Characteristics of H. pertussis, B. parapertussis, and Br. bron-
CRABEPUIC s «is. s, 507075 5758 5,506 o N 6600 . 3,950, B s [ W 6 175
Table 33. Gram-negative Intestinal Bacilli............... s Lerounqept s s SRR {3 181
Table 34. Differentiation of INeisseria. . .. vvvverrerreereraeerrennanssrnnssnasenas 183
SPectal TOB. . .« 5 o050 5,50 55 0.0 5. 5500700 24055 5786, 5578 S0 T B 67 516 B AT T B e 184
Table 35. Dilutions of Dilute Standard Penicillin Solution........... WIS (6308 6 B i e 6 8% 186
Table 36. Penicillin Assay of Unknown Fluid..........c.coieieeiiinnneeneina., 187
Table 37. Therapeutic Value of Penicillin, Streptomycin, and Sulfonamides. ............. 188
Table 38. Test for Penicillin Sensitivity. ... .ovveieiirensireiinriisiirnesenenenes 189
Table 39. Dilutions of Working Standard Streptomycin Solution. .................... 189
Table 40. Test for Streptomycin Sensitivity.........evuneiennnnnnn T S 190
Quellung Reaction (Capsular Swelling) . ...ovvininin i iiiinieneieieiseiinnnnnnnenns 190
Agglutination Tests for Bacterial Antibodies............cceeiiiiiiiininnnnieninennnnns 192
Table 41. Agglutination Test for Bacterial Antibodies...............cooiiviunnna... 195
Agglutination Test for Heterophil Antibodies. . ... .vvviiiiniiiiiiinriieriirnreenneenns 195
Table 42. Interpretation of Agglutination Tests. .. .....ovviuieiiieneenninnnnninennnn 196
Table 43. Agglutinins for Sheep Erythrocytes in Human Serum. .........cccvvvvunn ... 196
Table 44. Agglutination Test for Heterophil Antibodies.........ccvvvviienrennnnn.. 197
NacoIDLs and FIMTULOR ... - x oo w5106 510 5 p 5 208 5005 500 15 500 505 8% 91m 00 o5 506 9 5.8 41876 516 6 am 5 ais o 576 5 & ‘oo 197
Table 45. McFarland’s Nephelometer.......ocoiiviiininriinnreinneenerienerneinans 199
Guinea Pig Inoculation for Tubercle Bacilli...........ccviiiieiiiairiiiiiiaiiinnnnn.. 199
DEphEleTin VIPGIENOE TTOBE oo s o o 55y 0n 400 e s 70071000610 018 5 0 8 . 69 6 S T3 201
Darkfield EXamination. . ... .vueuureuteneiansenseesneseenrsressosseennssenseecennnas 202
MYCOLIODGY ;& o0 6.5000 5000 8050560 5508 68 650 5555 sl co-1 975051651585 5 @ pomin 838 51575 508 wrnmavbe i 16 s mios 204
Fig. 22. Illustrations of Terms Applied to Fungi......c.coviveiiiiiiiiierinnnnnnnnn.. 205
Fig. 23. A. Actinomyces bovis. B. Madcromycosis. C and D. Blastomyces dermatitidis.
E. Coccidioides immitis. F. Cryptococcus neoformans. ..........ceovvuiennvnnnn... 210
Table 46. Differential Diagnosis of Species of Candida......couivvvviiniiinnniinnn.n. 213

Fig. 24. A and B. Histoplasma capsulatum. C and D. Candida albicans. E. Sporotrichum
schenckii. F. Trichophyton mentagrophytes...........c.ccciiiiivneinnninnnn... 214



vii: CONTENTS

Fig. 25. A. Trichophyton rubrum. B. Trichophyton sulfureum. C. Microsporum canis.

D. Epidermophyton floccosum. E and F. Hormodendrum pedrosoi...........cu.... 218
SEROLOGY
General Considerations. . . oo s sossiis 0w 55505 5 5500w sin a0 o051 se 650 ai's 6o we 2iie sismarsa s 221
Sources of Error in Serology Tests. .. vvvetineniineiateneesoesstesessessoaceenssncas 221
Theory of the Wassermann Test. . ...ovuntruneeinnenasscocsonconacsssssconenssnannas 221
Eagle’s Modification of the Wasserman Test. .. ......cveiiiaiereeinieienaeransonsonnes 222
Table 47. Amboceptor Titration. . .. .o.cuvetiiinrararacesssessassssansesasnnnas 224
Table 48. Optimum Titration of Antigen. . ......coiiiiuieiiiirariianirnncacanannns 225
Table 49. Hemolytic Titration of Antigen. . .....ocovenereeeiineeuinniannesasonnes 225
Table 50. Anticomplementary Titration of ADHZEn....cvvvunnirnnnneesenres csaves B8Y
Table 51. Example of Optimum Titration of Antigen. . ........coiiiuieinnernacnanns 226
Table 52. Patient’s Serum—Test Proper........veeiimeiierinnrrcnriensenncannans 227
Table 53. Complement and Antigen Control.........iviiiiiiiiiiiiaiineeneennnnns 227
Table 54. Spinal FIaid—Te8t ProOPer -« cocousonsssdovsmesinsoias son s baseessesavss 228
Table 55. Quantitative Serum Test (Eagle) . ..o.vviiiiiiiianiiniiiniiinneannaenes 228
Table 56. Complement-fixation Test for Gonorrhea. . ......ccvvieiiininiiiainenns 229
Kalimer's Completmeat-ation Tert: . vaswuinins om oo ssaasusmes it dnes snssmyenh 229
Table 57. Antigen Titration. ....oovviivivnernrnernennns O i A B ke e R 230
Table 58. Reading of Antigen Titration (Example).........oviiiiiiiininniiiinnann. 231
Table 59. Dilutions for Amboceptor Titration. ... ..vuuveiseeeeeeerenanosecaaassans 231
Table 60, Amboceptor Titration. « v vveeeeverveessrosersnsesarsearsooascsonsasens 231
Table 61. Preparation of Amboceptor for Test Proper. .......ccoviireiiencnnarnonnss 231
Table 62. Complement TItIration. ... ..vveeeunroarerenensnsasresseasssesnassssnsns 232
Table 63. Dilution of Complement for Test Proper.......cccvviieriiniiiiiennnanasn 232
Table 64. Qualitative Test (Kolmer) . ......ccvvniiinnnncreneneenss TEN SO T Y 233
Table 65. Anticomplementary Titration of Gonococcus Antigen............ Rl aangue e 235
Table 66. Antigenic Titration of Gonococcus Antigen. . ..couvvucenecearereneeannnss 235
Kahii Flooenlation Te8E: .« « <o < b5 5 5 5 505 w006 6.5 5747 5785 w510 5 8in 5w 5 055 aras $10's 574 676 5 70 & 0¥ 234
Table 67. Preparation of Serum Dilutions. . .o veveerreerrennrierererssansssscssanes 237
Supplementary Kahn TestB. .. cocneemnnmasenmosioisinnmee s asssossssissssnasssswos 237
Kalin Vertication TeBt. uuis ix can smbs s sm sie s s ses swe s 5o a56 6o o.hs 4,88 & Saaeisame o . 238
Kline Flocculation Test........... ks ey e wreg g Y TR e ST ST ST S ATE B Sk 239
Mazzini FIooctlotion Teat. .. 550 v0ms 50 aimeihs siew ssie e 5o 5656w oas swis 355 an e sasaes 241
BLOOD GROUPS

General Considerations.. . ... .c..uueeneenrnnrnnanerannnnnnns o e O 00 (e R T T 244
Table 68. Blood Groups and Their Incidence.....ocueeiiriiieriiareisnennnennnnss 244
Blood TYDINE . ... uos 6 imse s emsjne e smmme smsen:s e nesiee st bms il e kosmmdes e 245
Table 69. Titration of Typing Serums. ... ....c.uuiieiinierereneeennseesnonsancas 246

Table 70. Reaction Between the Agglutinogens and Agglutinins of the Blood Groups.... 246
Fig. 26. Reaction of Group A and Group B Serums with the Corpuscles of the Four Major

Blood Groups........ TS 5 Ruicm mgmesnBEETing bS8 SIS R85 55 TR AATEToRTE ST6/% swi e e 247
IO NISTEIR, o vl shudes ot v sws smssm s S0 SERamRmens A naed bk T asive Sgre nemsma 248
Rhand Hr Factors. .. ...covinieriietieeieiininnnsansanacasnnnans T TS e ymmans 249
Table 71. Classification of Rh-Hr Blood Types and Subtypes. . ....ovvuvenvinrninnes 249
Medicolegal Use of Blood Groups or Grouping. . . .. ...cvueerenreeennrtenneionseenannas 253
Table 72. Heredity of the Landsteiner Blood Groups. ........ccoiveiriernranneenens 253
Table 73. Heredity of the M, N, and MN Blood Groups........c.vvvevuerernscnasass 253
Demonstration of Cold Agglutinins. .......cutrerenreeeneeeeeresneeeansonnsennsanassas 253
Table 74. Test for Cold Agglutinins. . ........vveereerenrenninnnnennesnsassnnssns 254
CLINICAL CHEMISTRY
General InstruCtionS. . .o ivvev v iinteaesineseatennsssennasasesnansasassonnssssssanans 255
Table 75. Quantity and Type of Blood and Normal Values for Chemistry Determina-
BV 555 5.t 005 5106 T AL 5.0, 80T 0057 B R 89 5w A 1 256
Table 76. Blood Anticoagulants, . ....vvvvvuueienaeesressvesosnesransosasssnssns 257
Table 77. Atomic Weights Commonly Used. ........ccciviniiiiiiiiiiiiiinnninannnn 259
Table 78. Normal SOIGONE, & « 555 0 v mgumaan vssvmmmam AT oM oS e S 259



CONTENTS ix

Protein-Free FlltHate. . ccussunesssovomssannnnnssachsessisonnsens w e e 3 B i U 0 ol R 263
CATDOBNLALER., oo s viain 50 & 015 48 5010 o 678 % v ais & 600 3.6 4158 50 @ 0 3 ik 1 900 20 5 508 3 06 047 0370 e 265
Fig. 27. Typical Glucose Toleranoe CRIRVER o otamiion wos wsisiy 5w & 060 518, 80608 wiainel o biecs, Siniaih s 270
Nitrogenous Constituents. ... .. coveeeeboncaseeststostnsnsstssssessonnsesannansnsnssss 272
Table 80. Significance of Blood Protem FIDAIDEE . 50 s o6 6 o 50 sworm 50w 0 wa sre s 5008 i 665 9.0 278
Fig. 28. Distilling Apparatus for the Determination of Blood Urea Nitrogen. ........... 279
Table 81. Normal Urea Clearance Values. . . ...ovviiiiiiiiierinecneeninnennnnnn 283
AT o oo T ST 0 5 0 5608 5505 A, B W T8 AR, 09,59 70,0 5L 288
GAN ATRIEI: o:o6 555 4% xwmens s 58 50 8505 @ WS RHAEUHHE RE vEE T TR NP 293
Table 82. Correction Factors for Barometer Reading. . ............... Mg ol E Al 296
Fig. 29. Apparatus for Gas Analysis........c..coiiiiienereoneninetsannnnnnncnnens 297
Table 83. Calculation of Carbon Dioxide Combmmg Power of Plasma................. 298
Inorganic ConStitUENTS. . .. ..ot tute i ieaneresseoeenonsasanecasesaeseanessnsenneens 296
Table 84. Inorganic Phosphorus Content in Milligrams per 100 cc. Corrected for Devia-
tion from Beer’s Law. .. ....oiiiiiiiiiiiiiiii ittt it is e 308
Table 85. Diseases with Disturbed Calcium and Phosphorus Metabolism............... 310
Blood Enzyfties.. ; «is.isss weswsivis s nas s s ains LR A S AT, 516 AR S— 310
OIS oo opuare=dios SR TR o ri s By R S aparegarensysrsceninope e B popessTet T i amepntor wpnmsorsrauvramsts RobudySn Sels 316
Fig. 30. Apparatus for the Titration of Ascorbic Acid. ., .........ccoioannnn.. i S 317
Fig. 31. Example of a Chart to Obtain the Amount of I.U. Per Cent of Vitamin A in
(CArOtenE: e . ST L 0 s TR e s mrssceosoyone B B P ST S ST T S ey an s rmr o LA P ¥ e 320
Chemotherapy ... swisevssssswsssnssiis P B (ER Py 323
Toocolopithl TEL: « 505 v shman pue o wommsswe S G Same semspse e amesnbiniasy s 329
Fig. 32. Method of Preparing the Roll of Filter Paper for the Determiration of Ethyl
BICOROL.« 5 io o6 e w0 wmim maws: 5o 08 5w 516 5578 § S W B T R S S W 6.8 5 B 329
ALLERGY EXTRACTS
Extracting and Diluting Solutions. . . .cvuiiet it ettt iiiiecieieieeraieanennaaaaa 332
BTG 5. 1 5 5500 s 7.8 sis 919 50mis 60 559 8 $165) SIBRT5.6 06 4060 516 K SO SIS I SUSIR BN 5168 SRS 6 B 332
TISSUE SECTIONING. ...t tttttiettaisanennassesaeaneesaseneransonssanassnseesesnns 336
BASAL MET ABOLISM. .. itiitiiiitianiasnseeseasesaseessenannsnsssssseasasseanens 343
Fig. 33. Basal Metabolic Machine and Sample Tracings. .........ccoevviennneennn... 344
Vital Capacity..... w0 e A SR €, A S B R IR ST N R e e R e 347
ELECTROCARDIOGRAPHY
Fig. 34. Diagram of the Principal Parts of a String Electrocardiograph Machine.......... 349
Fig. 35. Place of Application of the Electrodes in the Different Leads. . ............... 352
Fig. 36. Relation of the Electrocardiogram to the Excitation Wave and to Diastole and
Syatole OF the FHERTE i o s i 5 v 55 5 55 615 5560 516 5 510 5 bs o516 505 ¢ 518 916 w1 msm o ive 5058 5.8 i o 5 353
SOLUTIONS USED IN ROUTINE TESTS
Solutions for Urinalysis. . ... ..ouruininin ittt iieteerennaseenarseeeenseesannsns 355
Solutions for Hematologyc s sases e@ e smeimssnsessssiesansssssssessseeneessssassaas 356
Normal SolutIoNS. . oot ettt it itciiiies st eeereennaeetasnnaaeasnnecnssnnnnennsnnn 357
IR ICTIOTR s e e neat MG FDTDEE B S T SR (5 Eibssmensrarens B S VR 3 TR BTS RhsssyepsnarsspersusmenhridinTiined 358
R o5 10618, 50 550 5 S S O A B R R ST SBT3 VIR, SR i s AT 359
Table 86. Range of Indicators. .. ...cuuturnieeeiineeieisesrenennnnesosesonnanns 359



MANUAL OF CLINICAL
LABORATORY METHODS






Urinalysis

TaBrLe 1. RecorpiNG ROUTINE URINALYSIS

COLOR: Colorless, pale straw, straw, light amber, amber, reddish amber.
SP. GR.: 1.001-1.060. _
REACTION: pH determined with nitrazine paper.

occulent sediment, or shreds.

APPEARANCE: Clear, white or o
CLOUDINESS: Amount present; + (slight), + -+ (moderate), + + -+ (cloudy), + + + + (very cloudy).

ALBUMIN: Ring test.

g doudim;gpuu‘ gt Ofbm?kgro d (less than 0.05 gm.%)

.= ring is just ible against a black background (less gm.%).

+=ri;n3‘ is] istinct against'a black background and can barely be seen when held up to the
light (0.05 to 0.2 gm.% ).

+ <+ =ring is very definite against light, fainty visible when viewed from above (0.2 to 0.5 gm.%).
+ + + =ring is heavy against light, distinct cloudiness when viewed from above (0.5 to 2 gm.%).
+ + + + =ring is thick and dense against light, opaque when viewed from above (2 gm.% and over).

2

Heat test.
_N_:_g.= no cloudiness is perceptible.
r.= cloudiness is just percegﬁble against a black background (less than 0.01 gm.%).
-+ =cloudiness is disunct but not granular against a black background and can barely be seen
when held up to the light (0.01 to 0.05 gm.%).
=+ -+ =cloud is distinct and ular against light (0.05 to 0.2 gm.%).
+ + 4+ =cloud is heavy with distinct flocculi (0.2 to 0.5 gm.%).
+ 4+ + =+ =cloud is dense with large flocculi, may solidify (0.5 gm.% or higher, 3 gm.% albumin becomes
solid on boiling). .
SUGAR: Benedict’s test (read before precipitate settles).
Ne_|g_.= clear blue to marked cloudy green.

= owish green (0.5 to 1 %).
++=yell ish yellow (1 to 1.5 g:'nl..%)- ;
=+ + -+ =yellow (1.5 to 2.5 gm.%).

=+ + 4+ + =orange (2.5 to 4 gm. %), red (4 gm. % and over).

ACETONE: Specimens positive for sugar and all specimens from prenatal patients and patients in acidosis must be
examined routinely for acetone.

DIACETIC ACID: Test only specimens positive for acetone.

MICROSCOPIC EXAMINATION (sediment of centrifuged specimen): )

CASTS: Identi ?pe-—hyahne, finely granular, coarsely granular, etc. Report number on slide or average per
low power field.

ER OCYTES and LEUKOCYTES: Average range per high power field.

EPITHELIUM (low power): -+ (occasional), + + (few), + + -+ (many), -+ + ++(great many).
Identify uamous, transitional, renal, etc. 1

CRYSTALS (low power): - (occasional), -+ -+ (few), + + <+ (many), + <+ <+ = (great many).
Identify type—calcium oxalate, uric acid, etc. .

AMORPHOUS (low power): - (occasional), + -+ (few), -+ + -+ (many), + + ++(great many).
Urates in acid, phosphates in neutral or alkaline urine. -

BACTERIA (!u? _Eower) and MUCOUS THREADS (low power): + (occasional), + -+ (few), + + +

(many), + + (great many).

General Considerations cellular elements. As this filtrate passes down the

tubule, the water is almost completely reabsorbed

The primary function of the kidney is to main-
tain the chemical and physical qualities of the
blood plasma within normal limits by excreting
metabolic wastes, especially those of nitrogenous
composition. The fluid filtered from the blood
plasma through the glomeruli contains all the sub-
stances present in the blood except protein and the

and the solid elements in solution (glucose, bi-
carbonate, phosphates, urea, sodium, and potas-
sium) are selectively reabsorbed in ing
amounts according to each individual threshold
value. In this manner about 150 liters of plasma
are purified each day by the process of glomerular
filtration and tubular absorption. It is estimated
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that each kidney has a million nephrons (glomer-
uli with tubules) only a part of which act at one
time; therefore in normal kidneys there is a re-
serve of 60 to 75 per cent.

A.
1.

fe—
.

Collection of Urine Specimen

I. Single Specimen.
Qualitative Tests.

When it is desired to make only qualitative
tests, a specimen voided at random is satisfac-
tory. It should be examined within 1 to 2
hours after voiding.

Urine passed about 3 hours after a meal is
most likely to contain pathological substances,
First urine voided in the morning is least likely
to contain them.

To diagnose cyclic albuminuria, samples ob-
tained at various intervals during the 24 hours
must be examined.

Bacteriological Examinations.

The urine must be a fresh, catheterized speci-
men obtained under aseptic conditions.

If cultures cannot be made immediately, place
specimen in the refrigerator.

II. Twenty-four Hour Specimen.

Quantitative tests are of value only on 24
hour samples.

Collection.

The patient should be instructed to empty

the bladder at the beginning of the period

(8 A.M.) and discard the urine.

Save all urine passed until 8 o’clock the next

morning, emptying the bladder at that time

and adding urine to the 24 hour speci-

men.

It is sometimes desirable to have the day and

night specimens examined separately.

a. Day specimen—obtain as for the 24 hour
specimen, including the specimen voided
3 hours after the evening meal.

b. Night specimen—save all urine voided
during the night and empty bladder at
8 A.M,, adding this to the night specimen.

If the amount is important, the patient should

bring the pooled specimens to the laboratory;

if not, 8 ounces of the specimens, well mixed,

are sufficient.

The urine should be kept in a clean recepta-

cle and in a cool place.

Physical Properties
L Quantity,
Normal.
The 24 hour specimen for adults contains 800

to 1600 cc. (varies greatly with the liquid
intake, perspiration, etc.).

Specimens from children, 6 to 12 years, con-
tain 500 to 1500 cc.

Specimens from children, 1 to 6 years, con-
tain 300 to 1000 cc.

The day volume is usually 3 to 4 times the
night volume.

Abnormal., .

Increased quantity (polyuria) is found in dia-
betes mellitus and insipidus, chronic nephritis,
certain nervous diseases, during disappearance
of an edema, and during convalescence from
an acute febrile disease.

. Decreased quantity (oliguria) is found in

uremia, acute nephritis, eclampsia, severe di-
arrhea, excessive vomiting, pl};fusc sweating
in fevers, cardiac decompensation, calculus or
tumor of the kidney, nephrosis with edema,
atrophic hepatic cirrhosis, and acute yellow
atrophy of the liver.

. Total suppression (anuria) occurs in “col-

lapse” with systolic blood pressure below 70
mm. of mercury, severe acute nephritis, and
in poisoning with bichloride of mercury.
Residual urine is that obtained by catheter
immediately after the patient has emptied the
bladder voluntarily.

II. Color.

A. Normal,

1.
2.

Straw to amber.

Colorless to straw indicates low specific grav-
ity and large quantity (except in diabetes
mellitus).

Amber indicates high specific gravity and
small quantity.

Pathological Coloration.

. Reddish amber may indicate an increase in

urobilinogen or porphyrin.

Brownish yellow or green with a yellow foam
when shaken may indicate bile pigments.
Red to smoky browm may be due to blood
and blood pigments.

Milky may be due to large amounts of pus,
bacteria, fat, or chyle.

Brownish black may indicate melanin which
may appear only after the urine stands and
the chromogen melanogen is converted into
melanin. If present a gray precipitate, which
blackens on standing, forms when a few drops
of 10% ferric chloride is added to 10 cc. of
urine.

Black may indicate homogentisic. acid which
occurs in alkaptonuria. Urine becomes black
after standing or after it is alkalinized. Homo-
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gentisic acid reduces Benedict’s solution.

Nonpathological Coloration—following the
ingestion of various drugs and foods.
Red—beets, mercurochrome or prontosil in-
stillation, phenolphthalein, selenium.

Blue or green—methylene blue.
Brown—rhubarb, senna, cascara, argyrol in-
stillation.

Yellow—carotene, santonin, or pyridium.
Green—acriflavine.

III. Specific Gravity.
Method.

. Fill the container three-fourths full of well

mixed urine, remove all foam with filter paper.
Float the urinometer in the urine by rotating
it rapidly to prevent its touching the bottom
or the sides of the container.
The specific gravity is obtained by reading
the gradation on the stem of the instrument at
the level of the lower part of the meniscus.
Each urinometer is calibrated to give readin
at a definite temperature, usually 25°C.
the temperature of the urine is above or below
this, a correction of 0.001 must be added for
each 3°C. above or deducted for each 3°C.
below. :
If the quantity of urine is small and the spe-
cific gravity i1s important, the urine may be
diluted with distilled water and the specific
gravity read; to obtain the correct number,
multiply the last two figures of the ds;feciﬁc
%_ravity number by the amount of di
bis diluted urine cannot be used for qualita~
tive or quantitative iests.

Normal.

For a 24 hour specimen—1.015 to 1.025. It
varies inversely with the volume and directly
with the amount of salt, urea, and protein in
solution. For each gram of albumin per 100
cc. of urine, the specific gravity is increased
0.003.

Single specimens may range from 1.002 to
1.030.

Pathological Significance.
Varies from 1.001 to 1.060.
Low in chronic nephritis and diabetes insipi-
dus.
High in diabetes mellitus, fevers, and acute
nephritis.
See Renal Function Tests, page 27.
IV. Reaction.

Nitrazine Paper.

. To determine pH of urine, use one of the

following methods:

ution.

a. With a clean glass rod transfer a drop of
urine to the surface of a piece of nitrazine
Fapcr.and spread evenly by stroking or
eave a small drop as such on the paper.

b. Dip paper into urine three consecutive
times and then shake off excess liquid.

One minute after placing urine on paper, com-

pare color with color chart.

Litmus Paper.

Test urine with neutral litmus paper dipping

a strip of the paper into the urine.

a. Pink color—acid.

b. No change in color—neutral.
c. Blue—alkaline.

. When the test is alkaline, dry the litmus paper
alka-

with heat. If it loses its blue color, the
linity” is due to a volatile substance, ammonia;
if a nonvolatile alkali the paper remains blue.

C. Normal Values.

Freshly voided urine is usually acid in re-
action, the pH ranging from 4.8 to 7.5 with
an average of 6.

It may be alkaline after a full meal, after tak-
ing large quantities of citrus fruits, or as a
result of taking alkalies.

. Twenty-four hour specimens are less acid

than freshly passed specimens and may be-
come alkaline after standing due to the de-
composition of urea by bacteria and the liber-
ation of ammonia.

Pathological Significance.
Acidity is increased in acidosis, fevers, and a
diet with an excess of protein.

. May be alkaline in chronic cystitis and urine

retention due to decomposition of the urine
in the bladder. Same reason as in C3.
Fixed alkaline urines are associated with ane-
mia, rapid absorption of transudates, some
nervous diseases, obstructing gastric ulcer, se-
vere vomiting, and alkaline therapy.

V. Cloudiness.

Report as -}-, ++, ++-, or -+ after
suspending the sediment in the urine by shak-

ing. See Table 1 on page 3.

Freshly voided urine is usually clear; but is
sometimes cloudy due to the following sedi-
ments which are identified with the micro-
SCOPC.

. Amorphous phosphates form a white cloud

or precipitate in neutral or alkaline urine.
This cloud disappears upon addition of dilute
acetic acid. ‘

Amorphbous urates form a white or pink cloud
of sediment (brick dust deposit) in acid urine
which disappears on heating.
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Epithelial cells and mucus give cloudiness to
urine when present in large amounts.
Blood gives urine a2 red or brown smoky

color.

Pus makes urine turbid, but clears up on fil-
tering or centrifuging. ) )
Bacteria produce a uniform cloudiness which
does ot settle out and cannot be filtered out.
Fat and chyle may render urine turbid.
Shreds are often present in chronic gonorrhea.

Vi. Odor.

Normal.

Aromatic, due to volatile acids. More marked
in concentrated urine.

Various articles of diet and drugs impart pe-
culiar odors, especially asparagus and turpen-~

tine.

. Abnormal.

It is ammoniacal after decomposition; impor-
tant only in fresh urine and found in cystitis
and urine retention.

It is fruity in diabetes if ketone bodies are
present.

Chemical Tests
1. Protein.

Albumin in the urine is derived from a num-

ber of sources.

Physiologic albuminuria appears after exces-

sive muscular exertion, prolonged cold baths,

excessive ingestion of proteins, etc.

Orthostatic or postural albumrinuria appears af-

ter a person has been in an erect position and

disappears with rest in bed.

Accidental or False Albuminuria.

a. Due to pus, blood, and vaginal discharge.

b. Found in pyelitis, cystitis, and chronic
vaginitis.

Pathologic Albuminuria.

a. Albumin in kidney disease is derived from
the blood plasma and indicates increased
germeabilit:y of the glomerular filter. Al-

umin, because of its smaller molecule, is
excreted in larger amounts than globulin
or fibrin, markedly decreasing the albumin-
globulin ratio in the blood plasma when
albuminuria is of severe grade. See Table
4 on page 31.

b. Also present in febrile diseases, toxemia
of pregnancy, passive congestion of the
kidneys, and anemias.

Principle of the Tests: All methods depend

upon the precipitation of Erotein by chemical

agents or coagulation by heat.

C. Qualitative Tests.

.

3.

General Considerations.

a. Urine must be clear; if not filter or centri-
fuge. -

b. If the urine is alkaline, add acetic acid
drop by drop until slightly acid.

Robert’s Test.

a. Place 3 to 5 cc. of clear urine in a test tube
three-fourths to an inch in diameter.

b, Place the tip of a 5 or 10 cc. volumetric
pipette containing Robert’s reagent to the
bottom of the tube and allow about 3 cc.
of the reagent to layer beneath the urine,

c. If several tests are being done, wipe off
the tip of the pipette before inserting it
into the next tube. '

d. A positive test is indicated by a white
ring at the zone of contact.

e. The ring must be read within 3 minutes
after adding the reagent and with the eyes
on the level of the contact ring. In order
to observe a faint ring create a dark back~
ground by placing a finger between the
tube and source of light.

f. Rings that are 1 to 2 mm. above the zcne
of contact are due to mucin and nucleo-
albumin; rings 1 to 2 cm. above the zone
of contact are due to urates, uric acid, urea,
and bile acids. These are not to be reported
positive for albumin.

g- The test may be performed by holding a
test tube containing a few cc. of Robert’s
reagent in an inclined position and allow-
ing filtered urine to run slowly down the
side of the tube from a pipette or medi-
cine dropper. It is diﬂiculit to get a good
contact ring this way.

h. Record the result according to Table 1
on page 3 (ring test).

i. Robert’s reagent:

Saturated magnesium sulfate (U. S. P.
MgSQ4+7H20) sol. (add 1 liter of
water to 800 gm.) ..........iiniaiann 5 parts
Nitric acid (conc.) 1 part

Heller’s Nitric Acid Test.

a. Perform the test as directed under Robert’s
test using conc. nitric acid instead of
Robert’s reagent and read the white ring
at the zone of contact in the same manner.

b. A red or reddish-violet ring which tends
to extend downward into the acid is some-
times obtained with normal urine, but this
ring is due to the reaction of the urin
pigments with nitric acid and is below the
white one produced by albumin.

c. If bile is present, a play of colors (red,
violet, blue, and green) will be found at
the line of contact.

...................
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Interfering rings outlined under Robert’s

test also apply to the nitric acid test.

A less accurate but rapid method of per-

forming a series of tests is as follows:

1) Use a piece of glass tubing with an
inside diameter of about 5 mm.

2) Immerse this tube in the urine to about
an inch, wipe off the outside, and im-
merse in a test tube containing 2 inches
of conc. nitric acid.

3) By holding the finger over the top un-
til the upper level of the urine in the
tube is just below the surface of the
acid in the test tube and then remov-
ing the finger and lowering the tube
to the bottom of the test tube, the
nitric acid rises in the tube and forms
a sharp line of demarcation between
the two.

4) Place the finger over the upper end
of the tube while removing it, hold up
to the light, and read the width of the
white ring in terms of --, 4+, etc.

5) Rinse out the tube and fill with an-
other urine, using the same test tube
of nitric acid for a number of tests.

4. Sulfosalicylic Acid Test (Exton’s Method).
a. Mix equal volumes of clear urine and Ex-

b.

C.

ton’s reagent in a test tube.

If no cloudiness develops, albumin is ab-
sent.

If cloudiness appears, warm gently but do
not boil.

If the cloudiness persists or increases on
heating, albumin is present.

Read while warm and record result ac-
cording to Table 1 on page 3 (heat test).
Proteoses will cause a cloud on cooling.
Bence-Jones protein causes a heavy pre-
cipitate which clears partially or wholly
upon boiling.

Exton’s qualitative reagent.

Sodium sulfate, anhydrous ............ 88 gm.

Sulfosalicylic acid ..eeeveeresvrconarans 50 gm.
Distiliedc{vater to make 1 liter. e

1) Dissolve the sodium sulfate in 800 cc.
of water with the aid of heat.

2) Cool, add the sulfosalicylic acid, and
make up to volume with water.

S. Heat and Acetic Acid Test.
a. Fill a test tube three-fourths full of clear

urine and gently heat the upper portion
to boiling; boil for 1 or 2 minutes being
careful not to shake the tube more than
necessary. Rotate the tube to prevent
cracking.

6.

(=

b. A turbidity is due either to phosphates,
carbonates, or albumin.

c. Add 3 drops of 10% acetic acid drop by
drop, boiling between each drop.

d. A white cloud now disappearing is due
to earthy phosphates or carbonates.

€. A faint trace of albumin may appear only
upon the addition of the acid. Larger
traces appear upon boiling and may be-
come heavier upon addition of the acid.

f. The addition of too much acid may dis-
solve faint traces of albumin and give a
falsely negative reaction.

g In order to detect slight traces, the tube
must be held against a black background.

h. See Table 1 on page 3 (heat test) for re-
cording amount present.

Purdy’s Test Modiﬁ‘;lc'i.

a. Fill a test tube half full of filtered urine.

b. Add about one-fifth of its volume of sat-
urated aqueous solution of sodium chlo-
ride to raise the specific gravity (high spe-
cific gravity prevents the precipitation of
mucin).

c. Add 2 to 5 drops of glacial acetic acid.

d. Mix well and boil the upper portion
gently. Rotate tube to prevent cracking.

e. A cloud denotes the presence of albumin.

f. Record amount present according to Ta-
ble 1 on page 3 (heat test).

. Quantitative Tests.

Esbach’s Test (Tsuchiya’s Modification).

a. The urine must be filtered until clear.

b. If the qualitative test for albumin is 3 plus,
make a 1-5 dilution; if 4 plus, make a 1-10
dilution with distilled water.

c. If not acid, add 10% acetic acid drop by
drop to give a pH of 5.0.°

d. Add enough powdered pumice or barium
sulfate to an Esbach’s tube to just cover
the bottom of the tube. This increases
the rate of sedimentation.

. e. Fill tube with urine to mark U and add

Tsuchiya’s reagent (or Esbach’s) to mark
‘R

o

Close tube with a rubber stopper and in-
vert slowly 10 times.

Place in a test tube rack and keep in a
cool place for sedimentation.

The height of the sediment must be read
at the end of 30 minutes.

If pumice is not added, read at 24 hours.
The readings on the tube indicate grams
of albumin per liter of urine. To cEange
to per cent divide by 10.

k. If the urine has been diluted, multiply the
final reading by the dilution.

A

e
.
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