
Anemia Detection Methods in Low-Resource Settings:
A Manual For Health Workers

December 1997

path
4 NIckerson Street

Seattle, Washmgton 98109 USA
Tel (206) 285 3500
Fax (206) 285 6619

E-MaIl mfo@path Olg
WWW http Ilwww path org

U S Agency for InternatIOnal Development

ThIS pubhcatIOn was made possIble through support provIded to the Opportumtles for Micronutnent
InterventIOns (OMNI) project by the OffIce of Health and NutntIOn, Bureau for Global Programs,
FIeld Support and Research, US Agency fOl InternatIOnal Development (USAID), under contract
number HRN-C-00-93-00025-08 The opmIOns expressed herem are those of the author and do not
necessanly reflect the VIews of USAID

Cover Photo MotherCare Project



Acknowledgments

As anemia persIsts m bemg a health concern throughout the world, we have attempted to wnte a
manual that can be used by laboratory and health workers m many settmgs The manual was sent to
two locatIOns m IndonesIa and to Kenya and Tanzama for reVIew by people famIlIar wIth varIOUS
methods of detectmg anemIa under dIffICUlt workmg condItIOns We would lIke to thank the follow­
mg people for contnbutmg to the development of the manual by thoroughly and thoughtfully re­
vIewmg ItS contents, shanng theIr mSIghts regardmg testmg for anemia, and offenng suggestIOns so
that the manual addresses the realItIes faced by laboratory and health workers m low-resource
settmgs

Indonesla
Dr Anton WidJaya, Vanda Momaga, Dr Witono Santoso, Dra Lma Yusuayantl,
Dr WIdIyati SuraJI, Ida Pasanbu, Dra Wieklatl, Dr DraJat NendrosuwIto, MUJIharho,
Warso, Js Gatot, Sunaryoto, Ans Wmata, Agus Supnyono, Nur Listyanm, and
Joko BIdIyono

Kenya
Dr Jane Carter, Orgenes Lema, Chnstme Adhiambo, ViterlIs SitatI, VItalI Kangero,
Paul Kitenge, Clement Ngando, Cnspus Matano, Melda Wafula, DaVId Makau,
and Emmanuel Shungu

Tanzanza
DaVId Ocheng, Vmcent Mgaya, J SImahke, W Lova, VICky Nalyanga, Dr Nkya,
Sabas Mrma, DonatI Mlay, V Assey, Alex Msauka, S Mattaro, M Chonde, and F Msami

Other contllbutors and revlewers mclude
Arnie BIshop, Rae Galloway, Dr MIlton Tam, Debra Knstensen,
Dr S M LeWIS, Dr Jean C Emmanuel, and Dr D J 0 Robbm-Coker

AppreCiatIOn IS also gIVen to our colleagues at OMNI and PATH for theIr support and guIdance
dunng the wntmg of thIS manual

Techmcal EdItor Dr Penelope Nestel
Research and Wntmg Heather Taylor
FIeld CoordmatIOn Scott Wittet
IllustratIOns Hua GraphICS & DeSIgn
DeSIgn and Layout NanCee Sautbme and Douglas R Swan



Table of Contents

IntroductlOn

Chapter I-General ConslderatlOns m AnemIa Testmg

DefimtlOn of Anemia

Scope of the Problem

Mamtenance of Eqmpment

Waste DIsposal

Good Laboratory Practices

Quality Assurance

Record Keepmg

Chapter 2-Safe Blood CollectlOn and Handlmg

AVOldmg InfectlOn Dunng Sample CollectlOn

ConslderatlOn& for Collectmg Blood Samples

InstructlOns for Collectmg Blood

Chapter 3-Common Anemia DetectlOn Tests

Chmcal SIgns

FIlter Paper Method

Copper Sulfate Method

Hematocnt by CentrIfuge

Lovibond Type Comparator

Grey Wedge (BMS) Photometer

Sahli Method of Hemoglobm EstimatlOn

Portable Hemoglobmometer (HemoCue)

Colonmetry-Hemiglobmcyamde Method

AppendIx-Factors InfluencmgAnemm DetectiOnTests

Glossary

BIbliography

1

2

2

2

3

3

5

7

7

8

11

14

17

21

24

28

32

35

38

43

47
49



IntroductIOn

ThIS manual descnbes common anemIa detectIOn tests for health workers m settmgs WIth lImIted
resources such as rural clImcs and hospItals The manual provIdes mstructIOns for performmg the
tests, suggestIOns for Improvmg test performance, descnptIOns of test charactenstIc&, advantages and
dIsadvantages of each test, and the eqUIpment and supplIes needed for each test

A manual aImed at helpmg admmlstrators select tests appropnate to theIr sItuatIOns, Anemza
DetectIOn m Health Servzces Guzdelmes for Program Managers, was publIshed m 1996 EnglIsh,
Spamsh, and French edItions can be obtamed from OMNI (OMNI ProJect/JSI, 1616 N Fort Myer
Dnve, 11th Floor, ArlIngton, Vlrgmia 22209, USA)

Although many laboratory manuals proVIde mstructIOns on how to perform anemIa detectIOn tests,
they generally cover only a few of the methods aVaIlable Perhaps more Importantly, few eXIstmg
manuals prOVIde mformatIOn on how to optimIze test performance under dIffIcult fIeld condItions,
WhICh are common m many developmg countnes Laboratory techmcIans, servIce prOVIders, and
program supervISors often find eXlstmg reference matenals cumbersome and at tImes mcomplete
WIth regard to anemIa detectIOn tests

In thIS manual, step-by-step, Illustrated mstructIOns are prOVIded for nme anemia detectIOn methods

• ClImcal SIgns
• FIlter Paper Method
• Copper Sulfate Method
• Hematocnt by CentrIfuge
• Lovibond Type Comparator
• Grey Wedge (BMS) Photometer
• SahlI Method of Hemoglobm EstImatIOn
• Portable Hemoglobmometer (HemoCue)
• Colonmetry-Hemlglobmcyamde

ThIS manual has been extensIvely reVIewed by mternatIOnal anemia experts and field tested by
laboratory personnel m AfrIca and ASIa As part of thIS process, mformatIOn was solICIted about the
key barrIers facmg laboratory workers conductmg anemIa tests, as well as the approaches they
mcorporated mto thelf procedures to overcome 01 prevent dIffIcultIes that typIcally anse,
partIcularly m lower-resource settmgs TheIr suggestIOns for optImIzmg test performance have been
mcluded

Chapter 1 prOVIdes baSIC but essential mformatIOn on waste dIsposal, qualIty assurance, and record
keepmg as relevant to anemia detectIOn Chapter 2 focuses on safe blood collectIOn and handlIng,
and Chapter 3 presents mstructIOns for usmg the nme tests A glossary of commonly used terms and
an appendIX descnbmg key factors to conSIder when evaluatmg anemIa detectIOn tests are mcluded
at the end of the manual



Chapter I-General ConsideratIOns In Anemia Testing

DefimtIOn of AnemIa
AnemIa IS defined as havmg below normal values for the total volume of red blood cells, the number
of normal led blood cells, or the amount ofhemoglobm m these cells Normal values are defined as
those found m healthy populatIOns AnemIa results from one or more of the followmg processes

• DefectIve red cell productIon due to lack of essentIal nutnents m the dIet, poor bIOaVaIlabIhty of
Iron, or Increased utIhzatIOn of nutnents such as dunng pregnancy, lactatIOn, or rapId growth
penods

• Increased red cell destructIon (hemolysIs) due to parasItIC dIseases such as malana or genetIc
condItIons such as SIckle cell anemIa or thalassemIa

• Blood loss, resultmg from mtestmal worm mfestatIOn, notably hookworm, or heavy menstrual
flow

AnemIa IS most commonly detected by measunng hemoglobm (the oxygen-carrymg component m
red blood cells) or by determmmg the hematocrIt (the volume of red blood cells expressed as a
percentage of the total blood volume)

The normal range for hemoglobm and hematocnt vanes by age and sex as shown m the table below

Normal Hemoglobm and HematocrIt Ranges

PopulatIon Hemoglobm HematocrIt

Infants (full term) 105 -195 g/dl 32 - 60%

ChIldren (1-9 years) 11 0 - ]40 g/dl 33 - 40%

Chtldren (10-12 years) 11 5 - 15 0 g/dl 35 - 45%

Men (adults) 13 0 - 180 g/dl 40 - 50%

Women (adults) 120 - 160 g/dl 36 - 44%

Pregnant women 11 0 - 140 g/dl 33 - 42%

Hemoglobm Ranges for AnemIa
ChIldren under five and pregnant women

MIld anerrua 90- 11 0 g/dl

Moderate anerrua 70- 90 g/dl

Severe anerrua <70 g/dl

Very severe anerrua <40 g/dl

Hemoglobm Ranges for Anenna
ChIldren over five and nonpregnant women

MIld anerrua 90- 120 g/dl

Moderate anerrua 70- 90 g/dl

Severe anerma <70 g/dl

Very severe anerma <40 g/dl

Note Hemoglobm levels are mfluenced by altItude The formula developed at the US Centers for
DIsease Control for calculatmg hemoglobm based on altItude, where altItude IS known, IS mcluded
m the AppendIx
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Hazardous Waste

Chapter 1 - General Considerations in Anemia Testinz

Scope of the Problem
Nearly one quarter of the world's populatIOn IS anemIC The groups most at nsk of developmg
anemIa mclude women of reproductIve age (because of menstruatIOn), pregnant and lactatmg
women, and chIldren from 6 months to 2 years of age (because of rapId growth) One half of the
pregnant women m the world are anemIC m developmg countnes between 55% and 60% of
pregnant women are affected whIle only 18% are affected m developed countnes

Mamtenance of EqUIpment
Routme mamtenance of the eqUIpment used to detect anemIa IS cruCIal to obtam accurate and
conSIstent results Cleamng eqUIpment after use IS et>sentIaI to proper mamtenance ThIS mcludes
cleanmg pIpettes and cuvettes

Ifmstruments reqUIre calIbratIOn, thIS must be done on a regular baSIS usmg standard calIbratmg
deVIces A preventIve mamtenance plan should be Implemented to ensure that proper cleamng and
calIbratIOn of the eqUIpment are done on a regular baSIS and an mventory of parts that aIe lIkely to
need replacement IS aVaIlable It IS Important that a record book be kept of mamtenance actIVItIes
that mclude the date, type of mamtenance, and any follow-up reqUIred

Waste DIsposal
Waste dIsposal IS an Impmtant consIderatIOn when choosmg anemIa detectIOn methods The amount
of waste generated vanes dependmg on the method Waste should always be rendeled nomnfectIOus
by autoclavmg or mcmeratIOn, or buned m a specIfied and safe SIte when no other optIOns are
aVaIlable Waste dIsposal should be done on a daIly baSIS, eIther ImmedIately after work or before
work the next day

• Needles and shmp ztems
Proper dIsposal of sharp Items protects the health care worker from
possIble mfectIOn from an aCCIdental cut or needle pnck Sharp Items, such
as needles and lancets, must be collected m a puncture-proof contamer
(plastIC, glass, or metal such as a used coffee can), then autoclaved,
mcmerated, or buned The contamer should be eaSIly recogmzed (orange
or red coimed contamers are good) and clearly marked as contammg
bIOlogIcally hazardous waste (FIgure 1)

• Blood collectIOn tubes, sYringes, and used cotton wool FlgUie 1

Where blood collectIOn tubes and reusable synnges are reused, they should
fIrst be nnsed thoroughly WIth water, soaked m detergent for two to three hours. and dned
DIsposable syrmges and cotton wool should never be reused These Items should be placed m a
cardboard contamer before bemg mcmerated or buned

• DIsposal ofblood and Infected materwls
Blood and processed blood speCImens can be dIsposed of m a plastIc bucket
WIth a lId contammg a 0 5% hypochlonte solutIOn (bleach) (FIgwe 2) If
local health codes permIt, the bucket can be poured mto a smk and flushed
WIth runnmg water Ifnot, dIspose of the matenals as mt>tructed by the
local health code

ImmedIately after completmg the screenmg tests, the work area must be
dIsmfected WIth 0 5% hypochlonte solutIOn All wrappmgs and SOIled
cotton wool should be put m the appropnate receptacle PIpettes and tubes
should be nnsed m water, then soaked maO 5% hypochlonte solutIOn for at

2
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Chapter I - Gen~ral Consid~rations in Anemia Testing

least 30 mInutes Blood spIlls or centnfuge tube breakage should be cleaned USIng a 05%
hypochlonte solutIon Hypochlonte solutIons should be prepared freshly each day and kept m
contamers wIth secure lids

Good Laboratory PractIces
Good laboratory practIces mclude usmg establIshed gUIdelmes to ensure that standard laboratory and
safety procedures are followed It IS Important that there IS adequate work space to aVOId crowdIng,
whIch, In turn, WIll reduce the nsk of accIdents The laboratory room should be adequately
ventIlated Laboratory surfaces and floors should be made of matenals that can be easIly cleaned and
dlSlnfected EatIng, dnnkmg, and smokmg should not be permItted In the laboratory at any tIme
Adequate and convemently located puncture proof contamers for the dIsposal of bIOlogIcal
contammated matenals must be avaIlable

QualIty Assurance
QualIty assurance IS a concept that covers all aspects that can Influence the qualIty of a product or a
process QualIty assurance, as related to anemia detectIOn, mcludes correct blood collectIOn and
handlIng, adherence to proper testmg procedures, the use of relIable Instruments and reagents, proper
eqUIpment maIntenance, adequate record keepIng and reportIng, correct InterpretatIOn of laboratory
test results, and systems to check the relIabIlIty of results

Accuracy and preCISIOn are Important In all laboratory work Accuracy IS a measure of how close an
estImated value IS to the true value P, eC1SlOn IS the degree of agreement between values obtamed
for repeat measurement of the same sample Two Important elements of overall qualIty assurance
mclude znte, nal qualzty control, WhICh evaluates and controls preCISIOn, and exte, nal qualzty control
WhICh evaluates and controls accuracy

Internal QualIty Control to Ensure Test StandardIzatIOn
Internal qualIty control measures are peIformed WIthIn the laboratory to ensure test-to-test
conSIstency StandardIzatIOn of test procedures IS essentIal

The anemia detectIOn methods descnbed In thIS manual are standardIzed USIng a calIbrator or
reference standard A calIbrator IS a deVIce that conforms to a reference standard and IS used to
calIbrate, or adjust, an mstrument so that ItS readmgs are accurate Reference standards, whIch are
blood samples WIth a known hemoglobIn concentratIOn, are used to ensure that eqUIpment and
reagents are functIOmng correctly and that personnel are performmg the procedures correctly and
maIntaInIng accuracy If a reference standard IS not avaIlable, blood samples can be obtamed from a
central laboratory where the hemoglobIn values have been prevIOusly determmed by an accurate
method A good method of checkIng day-to-day reproducIbIlIty, 1 e how well the test IS performIng,
IS to make three separate assessments on three dIfferent blood samples

It IS helpful If laboratory personnel are famlhar WIth baSIC statIstIcal concepts, such as calculatIng
means, standard deViatIOns, and coeffICIents of vanatIon The AppendIX descnbes these concepts
more thoroughly

A control chart IS a useful tool for momtonng trends WIth the use of reference standards
The mean and standard deVIatIOn for the reference standard as determIned by the supplIer are plotted
agamst time m days The lIne above the mean represents two pOSItive standard deViatIOns (+2SD)
and one below the mean represents two negatIve standard deVIatIOns (-2SD) Each tIme the reference
standard IS used, ItS value should be plotted on the chart Trends can be eaSIly seen to determme
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Chapter I - General Considerations in Anemia Testinlf

whether errors are random or whether readmgs have a tendency to nse or fall The precIsIOn of the
test should be questIOned when reference standards devIate from the mean m the followmg ways

• A value hes entIrely outSIde the +/-2 standard devIatIOn (SD) hmits
• Values are conSIstently m one dIrectIOn and fall outSIde +/-2SD
• Several consecutIve values lIe on one SIde of the mean
• Two or more results per 20 tests lIe on the +2 or -2 SD lInes

Anemia detectIOn tests must be done wIth care, and tests wIth questIOnable results should be
repeated It IS Important to proVIde trammg so that laboratory personnel are able to recogmze when
results are not preCIse

Control Chart

+250
150 g/dl

Baseline • • • 145 g/dl• • • •• •• • 140 g/dl•
-250 1 2 3 4 5 6 7 8 9 10 11 12

Weeks

External QualIty Control
External qualIty control determmes the umformity of test results between laboratones To determme
the accuracy of SImple anemIa detectIOn devIces, a portable mstrument capable of provIdmg preCIse
and accurate measmements, such as a hemoglobmometer, can be used as the standard method A
regIOnal or dIStrICt hospItal can prOVIde blood samples wIth known hemoglobm values as a
reference Individuallaboratones as~ess the hemoglobm concentratIOn of the blood samples usmg
theIr own test method to determme whether theIr method IS accurate If the results dIffer from the
refelence values by more than 05 g/dl for any of the photometrIC methods or by 1 0 g/dl for the
VIsual comparator methods, then the sources of error must be determmed as well as the correctIOnal
procedures

Sources of Error
Errors can be eIther systematIC or random SystematIC errOls are mtroduced when thmgs such as
pIpettes are Improperly calIbrated or reagents whose shelf lIfe has expIred are used The error IS
systematIC because It wIll occur every tIme the test IS conducted untIl the source of error IS
dIscovered and corrected Random errors are mIstakes that occur by chance An example of a
random error IS a sudden vanatIOn m ambIent temperature that mfluences the test result

4



Chapter 1 - General Considerations in Anemia Testin~

The control of errors can be dIvIded mto three categones and mc1ude

P1e-analytlcal En or Control Procedwes
Propel sample labehng
Proper collectIOn of the blood sample (wlpmg away the first drop, aVOldmg exceSSIve
squeezmg)
Collectmg accurate blood volumes, aVOldmg bubbles where relevant
Not usmg chIpped or broken pIpettes
Wlpmg the outsIde of the capIllary tube
Usmg properly prepared reagents that are not outdated
Usmg clean, dIstIlled water
Proper mlxmg of the sample

AnalytIcal EnOl ContlOl P10cedwes
C01rect use of the mstrument, allowmg suffICIent time for warmmg up, cahbratmg, and
takmg the baselme measurements
Checkmg that solutIOns are not turbId
AVOldmg the use of dIfty cuvettes, usmg dry cuvettes so that blood samples are not dIluted

Post-analytzcal E1 ror Contlol Procedwes
Proper recordmg of results
Proper dIspatch of results to chmclans and health personnel

Whele there are SIgns that error may have been mtroduced dunng the test procedure, the test must be
repeated after the source of error has been elImmated

Record Keepmg
Proper record keepmg IS essentIal m any laboratory as It helps to ensure accuracy m dlagnosmg
anemIa and determmmg If treatment IS effectIve Blood speCImens must be labeled WIth the date of
collectIOn and WIth eIther an IdentIfIcatIOn number 01 the patIent's name, dependmg on the system
used

It IS Important to keep a daily record oftest Iesults m a bound laboratory notebook m a central place
m the laboratory, as loose reports are eaSIly mIsplaced The notebook should contam the followmg
details date, laboratory record number, patIent's name, age, sex and reSIdence, tests performed, the
pelson who performed the tests, and test results It IS Important to note any unusual findmgs on the
speCImen, such as the presence of clotted blood 01 hPld, as thIS may mfluence the result In addItIOn,
records of all quahty assurance and quahty control exelCIses should be kept m a separate notebook

5



Chapter 2-Safe Blood CollectIOn and Handling

Because the mfectIOus potentIal of any patIent's blood or body flUIds cannot be known wIthout
testmg, all blood speCImens and body flUIds should be treated as though they are mfectIOus Health
care workers must observe UnIversal precautIOns when collectmg and handlmg blood specImens
That IS, the health care worker should aVOId dIrect contact wIth any body flUId mcludmg blood
specImens

GUIdelmes for safe handlmg of blood products should be taught to all personnel who come m
contact wIth blood These gUIdelmes should be posted vlSlbly m the laboratory or clImc as a
reference for staff Health care workers must be tramed m the safe collectIOn, handlIng, and dIsposal
of blood products and Items WIth blood on them, as descnbed below

AVOIdmg InfectIOn Dunng Sample CollectIon
1 Health care workers should always wear a fresh, dIsposable pair of gloves when obtammg blood

samples from patIents, regardless of the method used to obtam the blood sample If dIsposable
gloves ale not aVailable, dlsmfect reusable gloves by swabbmg them wIth 70% alcohol after each
use wIth a patIent ThIS WIll protect both the health care worker and the patIent from accIdental
contammatIOn WIth blood from a prevIOUS patIent

2 Pipettmg of blood, blood products, or chemIcals by mouth IS dangerous and must never be done

3 Always wash hands and other skm surfaces ImmedIately after contact WIth blood or body flUIds

4 Ifblood IS spIlled on a surface, wear gloves to clean It up and wash the surface WIth a 05%
hypochlonte SolutIon

5 In the case of aCCIdental puncture WIth a used shaIp object, Immediately wash the affected area
gently m runnmg water whIle squeezmg to ensure a free flow of blood Cover the affected SIte
WIth a bandage Record all aCCIdents however mmor, m the aCCIdent book and report them
Immediately to your supervIsor

6 Clean all workmg surfaces WIth a 0 5% hypochlonte solution after each use DIspose of all used
matenals promptly and appropnately

ConSIderatIOns for Collectmg Blood Samples
The amount of blood needed to measure hemoglobm or hematocnt levels WIll vary dependmg on the
method used

Capzllary blood samples, obtamed by fmger, heel, or earlobe pnck, are adequate for most anemia
detectIOn methods, although they are 1% to 3% lower m red cell volume than venous blood When
anemIa IS severe, results denved from capIllary blood are less accurate than those from venous blood

venous blood samples are collected by vempuncture for other tests and placed m tubes contammg
antIcoagulant These samples can also be used for anemIa detectIOn

1["1\ ~-
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C'haptt!f 2 - Saj~ lJiood Coll~ction and Handlin~

InstructIOns for Collectmg Blood
Prepare all supphes m advance and deternune how much blood wIll be reqUIred for the tests to be
performed Havmg an adequate quantIty of blood IS Important for gettmg an accurate result

Reassure the patIent that the blood draw may be slIghtly pamful but WIll not take long Tell the
patIent how much blood WIll be drawn

CapIllary Blood CollectIOn
CapIllary blood IS obtamed m adults and chIldren from the fingertIp or earlobe In mfants, the SIde of
the heel IS the pleferred SIte To ensure an adequate amount of blood from a fmgerpnck, run warm
water over the fingertIp, vIgorously rub the fingertIp, or shake the wnst to Improve blood flow pnor
to capIllary blood collectIon WIth chIldren, espeCIally those who are malnounshed health care
workers may obtam the speCImen from the earlobe because thIS area IS not as senSItIve as the finger
tIp NeIther the lancet nor the blood are VISIble to the chIld If the worker stands behmd the chIld
whIle takmg the speCImen To ensure an adequate amount of blood from the earlobe, rub the earlobe
before punctunng

ReqUIred Supplles
• 70% alcohol and cotton wool (to clean the skm)
• stenle, dry lancets (to make the mCIsIOn)
• capIllary tubes or SahlI blood pIpette (to collect the blood sample)
• rubber tubmg Ifusmg the SahlI blood pIpette (to draw up the blood)
• beaker of sahne solutIOn (for flushmg SahlI blood pIpette after use)

PlOcedure
I Swab the SIte usmg cotton wool soaked WIth 70% alcohol Allow the SIte to dry

2 Usmg a stenle, dry lancet, puncture the skm deeply enough so that
large drops of blood emerge slowly but spontaneously (FIgwe 3)

Do not squeeze the fingertip as thIS wIll dIlute the blood sample WIth
tIssue flUId and result m an maccurate low readmg

3 WIpe away the fIrst drop of blood, as It IS contammated WIth skm
partIcles, 011, and sweat

4 Ifusmg a capIllary tube, hold the capIllary tube honzontally and allow
the blood to flow mto the tube untIl It IS 75% filled

Figwe 3

Ifusmg the SahlI blood pIpette, fill the tube to the level reqUIred for the test Do not pIpette b)
mouth Attach a pIece of rubber tubmg WIth a knot at one end to the pIpette and dlaw up the
blood by gently squeezmg the rubber tubmg Keep a beaker of salIne for flushmg the SahlI
pIpette after use

5 After collectmg the sample, place cotton wool on the puncture SIte and apply hght pressure to
stop the bleedmg

6 Attach the capIllary tube to a pIece of paper marked WIth the patIent's IdentIfIcatIOn untIl the test
IS performed

8



Chaptf!r 2 - Safe Blood Collection and Handling

Vempuncture Blood CollectlOn
Reqwred Suppbes
• 70% alcohol and cotton wool (to clean the punctme sIte)
• stenle needle (19- to 23-gauge, 25 to 40 mm long) and synnge or stenle vacutamer needle
• blood collectIOn tubes contammg EDTA anticoagulant
• plaIn capIllary tube (used to collect a sample of blood from the EDTA tube)
• tournIquet

Procedwe
1 Have the patIent SIt comfortably at a table WIth the arm extended to form a straIght hne

2 Ask the patIent to form a fISt Select a vem m the bend of the elbow

3 Place the needle on the synnge

4 Wrap the tournIquet fIrmly around the arm three or four Inches above the elbow Form a loop
WIth one end, so It can be eaSIly removed

5 Feel the arm until the SIte where the blood WIll be drawn from IS located Cleanse the SIte WIth
cotton wool soaked WIth 70% alcohol Allow the alcohol to dry

6 Introduce the needle bevel SIde up at a IS-degree angle mto the skm and
through the top wall of the vem Pull the pIston ofthe synnge slowly to
prevent hemolysIs whIle obtammg the amount of blood needed
(Fzgwe 4)

7 Once the blood starts to flow release the tomlllquet by pullmg on the
looped end

8 Once the reqmred amount of blood has been drawn, apply dry cotton
wool over the hIdden pomt of the needle, and rapIdly remove the needle

Flgwe 4

9 Have the patIent apply pressure on the cotton wool for three mInutes to stop the bleedIng

10 Mark the blood sample WIth patient IdentificatIOn mformatIon

9



Chapter 3-Common AnemIa Detection Tests

ThIS chapter descnbes mne of the most commonly used tests for detectmg anemIa The tests are

presented m order of complexIty of the test procedure or eqUIpment reqUIred

1 CLINICAL SIGNS

NomnvaSIve test based on clImcal sIgns No blood sample IS reqUIred

Prmclple

A clImcal evaluatIOn of the patient may be used to detect anemIa ThIS method IS more sensItive m
detectmg sIgns of severe anemIa, and IS less relIable m detectmg moderate or mIld anemIa The mner
eyelId, lIps, tongue, gums, and the area under the fingernaIls are exammed and the degree of pallor
mdicates the seventy of anemIa Symptoms of anemIa may mclude weakness, tiredness, headaches,
and shortness of breath

Test Charactertstlcs

Appropnate settmgs

Space reqUIrements
Accuracy

EqUipment and Supplies

Routme screenmg dunng physIcal exammatlOn
VIllage level settmgs where drawmg blood IS not possIble,
and/or where cultural belIefs agamst blood drawmg eXIst
Well-lIghted enVIronment
SenSItivIty 64% m severe anemIa (hemoglobm level
below 7 0 g/dl)
SpecIficIty 70% to lOO%

Requlled Small flashlIght (torch) or other lIght source

Test Plocedures

Note Ideally, the health care workel should wear gloves when pelformmg the evaluatIOn

1 Assess the overall condItIon of the patient, note whether the patIent reports tIredness or
weakness, or appears pale

2 To evaluate conjunctIval pallor (degree of paleness and color), gently
pull down the lower lId and determme If the membranes of the mner
eyelId appear pale (whIte - pmk) mstead of red (Fzgure 5)

Fzgure 5
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3 To assess tongue pallor, use a small flashlIght (torch) to examme the top
surface of the tongue The lIps, tongue, and gums wIll appear pale when
anemia IS present (Figure 6)

Flgwe 6

4 To assess pallor of the area under the fmgernaIls, gently rotate the front
surface of the hand towards you and observe the area under the
fmgernaIls dIrectly Do not apply any pressure to the hand (Figure 7)

Figwe 7

5 To assess the pallor of the palm of the hand, open the patient's hands
and partIally extend the fmgers (Figure 8)

InterpretatIOn FIgure 8

• The pallor of each sIte exammed can be graded as defmIte, probable, or absent
• The presence of defimte pallor at any sIte that has been exammed means the patient IS anemIC
• If the pallor of several sItes IS defmlte or probable, the presence of anemia IS lIkely
• Ifpallor IS absent, thIS does not rule out moderate or mIld anemIa
• If anemIa IS suspected, particularly m patients who are hIgh nsk for anemIa, confirm WIth a blood

test whenever possIble

SuggestIOns for ImploVlng Test Perf01 manee

• The conJunctivae, lIps, tongue, gums, palms, and area under the fingernaIls should all be
exammed

• ClImcal exammatIOn of all SItes IS Improved by good lIghtmg and, where possIble, by usmg a
small flashlIght to examme the top surface of the tongue

• Trammg m dIstmguIshmg color shades and mmimIzmg vanatIOn m color perceptIOn may Improve
the accuracy of thIS method

12
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• Accuracy also may be Improved If actual hemoglobm values can be determmed for companson
and used dunng tIammg

• The conjunctIvae of crymg chIldren or persons wIth Imtated or mfected eyes may not appear to
be pale, although anemIa may stIll be present

Advantages

• Mimmal eqUIpment reqUIred
• Very low cost

Disadvantages

• Method IS hIghly subjective and wIll vary accordmg to the vIewmg angle of the observer
• MIld to moderate anemia may not be detected
• Not SUItable for follow up of patIents receIvmg treatment for anemia
• An adequate lIght source IS reqUIred
• The presence of eye mfectlOn, allergIes, or other condItions may mfluence the shade of the

conjunctivae, whIch may make thIS method less accurate
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2 FILTER PAPER METHOD
Formerly TallqvIst

ThIS method does not reqUIre lYSIS or dIlutIon of blood

Plmclple

The red color of blood corresponds to the amount ofhemoglobm present The degree of anemIa can
be VIsually assessed by matchmg the color of a drop of blood on filter paper agamst a standardIzed
color chart The color chart has been developed to represent the color range of normal to anemIC
blood on fIlter paper

An Improved method, the World Health OrgamzatIon (WHO) Haemoglobm Colour Scale, IS
expected to be avaIlable m 1998 A bnef descnptIOn of the WHO Haemoglobm Colour Scale IS
descnbed at the end of thIS sectIOn

Test Charactellstlcs

Appropnate settmgs
Space reqUIrements
Amount of blood sample
PreparatIOn/processmg tIme
Sample/test stabIlIty
Accuracy

EqUipment and Suppltes

Most useful for screenmg m rural settmgs
Well-lIghted enVIronment
One drop of capIllary blood
5 mmutes
10 mmutes
SenSItIvIty 60% at 10 0 g/dl
SpeCIfiCIty 60% at 10 0 g/dl
Accuracy mcreases WIth hemoglobm levels below 9 0 g/dl

Required FIlter/blottmg paper that allows absorptIOn and rapId drymg of blood drop
A standardIzed color companson chart that represents ranges ofhemoglobm levels
Stenle lancets
70% alcohol and cotton wool

Mamtenance and Storage

• Do not leave the color charts m the sun for extended penods of tIme as they may fade
• Do not leave filter paper m the sun or m hIgh humIdIty because the heat and humIdIty wIll

damage them
• Store color charts and filter paper at room temperature

Test Plocedures

1 Clean the earlobe or fingertIp WIth cotton wool soaked WIth 70%
alcohol Allow the alcohol to dry Obtam a drop of blood by puncturmg
eIther the earlobe or fmgertIp WIth a stenle lancet (Fzgure 9) WIpe away
the first drop of blood

Fzgwe 9
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2 Collect the next drop onto the filter paper and WaIt a few seconds untIl
the blood spot has almost dned (Fzgure 10)

" I > '"
Figure 10

3 When the blood spot IS no longer shmy, hold the fIlter paper behmd the
standaIdized chart so that the blood spot IS vlSlble through the hole m
the chart (Fzgures 11 and 12)

After the blood IS dropped onto the fIlter paper, the readmg must be
performed wlthm ten to fifteen mmutes because the color of the blood
spot on the filter paper WIll contmue to darken as It dnes

4 Fmd the color on the chart that most closely matches the color of the
blood on the filter paper and record the result If the color of the blood
spot falls m between the colors on the chart, use the lower readmg as
the result

Interpl etatlOn

Figure 11

Figure 12
Some charts provIde readmgs m grams per lIter, whIle others provIde
readmgs m ranges ofhemoglobm that mdlcate normal (>120 g/dl), mIld
anemIa «11 0 g/dl to 9 0 g/dl), moderate anemIa «90 g/dl to 7 0 g/dl), or severe anemIa
«7 0 g/dl) If a result mdlcates moderate to severe anemIa, follow up wIth a more accurate test
where possIble

Suggesnons for Improvmg Test Performance

• Use only the fIlter paper prOVIded wIth the chart Other papers, such as newspnnt paper, wIll gIVe
maccurate readmgs because they are not calIbrated wIth the chart

• FIlter paper that has become dIscolored or has developed brown spots should not be used
• Natural, dIrect hghtmg condItIons are Important for conSIstent color matchmg
• The color chart WIll be more durable If It IS lammated (sealed m a plastIC covenng)
• ObservatIOn of the patIent's condItion (clImcal sIgns) WIll prOVIde addItional mformatIOn to help

determme whether or not anemIa IS present

Advantages

• InexpensIve
• RapId
• SImple
• No reagents reqUIred
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• Portable
• Electncity not reqUIred
• FIlter paper and color chart are durable If properly mamtamed and stored

Disadvantages

• The chart IS supplIed wIth a lImIted quantIty of fIlter paper Other types of paper can not be
substItuted because they are not calIbrated wIth the chart

• The scale may become contammated wIth blood over tIme
• Lightmg condItIOns mfluence mterpretatIOn of the result
• SIze and thIckness ofblood spot, temperature, and humIdIty all affect drymg time, whIch, m turn,

affects color

Special Update WHO Haemoglobm Colour Scale

As thIS manual IS bemg pnnted, a new color scale method IS under development by the WOlld
Health OrganIZatIOn In the new method, a capIllary blood spot collected dIrectly on a specIfIc
absorbent paper IS compared WIth a set of pnnted color standards Many of the sources of error
IdentIfied WIth other filter paper methods are elImmated m the WHO Haemoglobm Colour Scale
by the use of carefully chosen absorbent paper, an Improved durable color scale, and detaIled test
plOcedures The senSItIvIty and specIficIty from mitIal evaluatIOns are both 90%

TechnIcal mquIrIes should be sent to

Dr S M LeWIS
WHO Collaboratmg Centre for

Haematology Technology
Royal Postgraduate MedIcal School
London W12 ONN
UNITED KINGDOM

Fax 44 181 9469146

QuestIOns about aVailabIlIty should be sent to

World Health OrganIZatIon
Programme on Health Technology
1211 Geneva 27
SWITZERLAND

Fax 41 22791 4836
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3 COPPER SULFATE METHOD

This method does not reqUIre lysIs or dIlutIOn of blood

Prmclple

The specIfic graVIty of blood IS mfluenced by led blood cell volume The copper sulfate test IS based
on the fall (or flotatIOn) of whole blood when dropped mto a copper sulfate solutIOn of a known
speCIfIC graVIty The drop of blood wIll eIther float or smk dependmg on whether It IS hghter or
heaVIer than the copper sulfate solutIOn Standard copper sulfate solutIOns are used to determme a
partIcular hemoglobm level

Test Chal acterzstlcs

Appropnate settmgs

Space reqUirements
Amount of blood sample
PreparatIon/processmg tIme

Sample/test stablhty
Accuracy

EqUIpment and Suppites

SCleemng programs, such as for blood donors or antenatal
chmcs
Well-hghted enVIronment, flat surface
One drop of capIllary blood
20 mmutes If stock solutIOn must be prepared, 10 mmutes If
only the standard solutIOns are prepared from the stock
10-15 seconds
SenSItIVIty 87 5%
SpeCIfiCIty 99%
Test IS more senSItIve at hemoglobm levels below 9 0 g/dl

Requued AnalytIcal-grade copper sulfate (CuSO/5H
2
0)

Welghmg scale
Amber-tmted cyhndrlcal bottles, 100 ml
Graduated transfer pIpette
VolumetrIC flask, I hter
Volumetnc flask, 100 ml
Clean dIstIlled water
Hepanmzed or EDTA capIllary collectIOn tube
Stenle lancet, or needle and synnge

OptlOnal StIr plate
Hydrometer to measure speCIfic graVItIes for the copper sulfate solutIOns
EDTA blood collectIOn tube and needle

Mamtenance and StOiage

• TIghtly seal stock and standard solutIOns and store where they WIll not be exposed to heat or
dIrect sunlIght m order to prevent evaporatIOn
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Test Procedures

PreparatIOn of stock solutIOn wIth specIfic graVIty of 1 100
1 WeIgh 170 0 grams of copper sulfate and add thIS quantlty to a large flask

2 Add 1 lIter of dIstllled water to the copper sulfate m the large flask Rotate the flask to dIssolve
the copper sulfate

3 If a hydrometer IS avaIlable, confirm that the specIfic graVIty of the solutIOn IS 1 100

4 Store the stock solutIOn m an amber bottle and label It as "Stock Copper Sulfate SolutIOn" WIth
the date of itS preparatiOn

PreparatIOn of standard solutiOns fOl qualItatlve assessment
Note To detect the presence or absence of anemIa (but not to dIscnmmate between moderate and

severe anemIa), three standard solutIOns can be used, one for pregnant females, one for
nonpregnant females, and a thIrd for males

The specIfic graVity of the standard solutiOn for pregnant females IS 1 050, whIch IS eqUIvalent to
11 0 g/dl hemoglobm The specIfic graVity of the standard solutiOn for nonpregnant females IS 1 052,
WhICh IS eqUIvalent to 120 g/dl hemoglobm The specIfic graVity of the solutiOn for males IS 1 053,
WhICh IS eqUIvalent to 125 g/dl hemoglobm InstructIOns for prepanng these solutiOns follows

To determme the hemoglobm range WIth more preclSlon, a set of standard solutIOns can be prepared
representmg additIOnal hemoglobm values (see chart on next page)

To prepare the standard solutiOn to assess pregnant female patIents
1 Usmg a graduated transfer pIpette, release 49 2 ml of the stock solutIOn mto a 100 ml volumetnc

flask

2 Add dIstllled water m a rapId, steady stream to the 100 ml mark of the flask Gently rotate the
flask as the water is bemg added

3 After the final volume is reached, place the standmd solutiOn m an amber bottle, cap the bottle,
and mvert it once to miX the solutiOn

4 Label the bottle With its gram eqUivalent ofhemoglobm (11 0 g/dl)

To prepare the standard solutIOn to assess nonpregnant female patIents
1 Usmg a graduated transfer pIpette, release 51 25 ml of the stock solutIOn mto a 100 ml

volumetrIC flask

2 Add dIstIlled water m a rapId, steady stream to the 100 ml mark of the flask Gently rotate the
flask as the water IS bemg added

3 After the final volume IS reached, place the standard solutIOn m an amber bottle, cap the bottle,
and mvert it once to mIX the solutIOn

4 Label the bottle WIth itS gram eqUivalent ofhemoglobm (12 0 g/dl)
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To prepare the standard solutIOn to assess male patIents
1 Usmg a graduated transfer pIpette, release 52 25 ml of the stock solutIOn mto a flask

2 Add dIstIlled water m a rapId, steady stream to the 100 ml mark of the flask Gently rotate the
flask as the water IS bemg added

3 After the final volume IS reached, place the standard solutIOn m an amber bottle, cap the bottle,
and mvert It once to mIX the solutIOn

4 Label the bottle wIth Its gram eqUIvalent ofhemoglobm (125 g/dl)

SpecIfic GraVIty
1040
1044
1048
1052
1056

Volume ofWater (ml)
608
568
528
4875
447

PreparatIOn of addItIonal standard solutIOns for semI-quantItatIve assessment of hemoglobm

Volume of
Stock SolutIOn (ml)

392
432
472
5125
553

Hemoglobm Level (g/dl)
60
80

100
120
140

Test Procedures

I Clean the earlobe or fingertIp WIth cotton wool soaked wIth 70% alcohol Allow the alcohol to
dry Obtam a drop of blood by punctunng eIther the earlobe or fmgertIp wIth a stenle lancet,
wIpe away the first drop, and collect the next drop of blood m a capIllary tube or EDTA treated
capIllary tube If a plam, untreated capIllary tube IS used, the test must be performed rapIdly
before the blood starts to clot

2 Select the standard solutIOn that wIll glVe the cutoff value needed to
assess the level ofhemoglobm of the patIent Release a small drop of
whole blood from 1 cm above the standard solutIOn (Fzgwe 13)

3 As soon as the blood enters the copper sulfate solutIOn, observe the drop
for 10 to 15 seconds

4 If the blood drop smks ImmedIately, ItS hemoglobm value IS
greater than that of the hemoglobm gram eqmvalent of the copper
~ulfate solutIOn If the blood drop floats for 10 to 15 seconds, the
hemoglobm value IS equal to or less than the hemoglobm gram
eqmvalent of the copper sulfate solutIOn

5 After each blood-drop test, mark the label on the bottle to record the
number of uses (Fzgure 14) DIscard the solutIOn after 50 blood drops
have been mtroduced to the solutIOn

InterpretatIOn

Select the copper sulfate solutlOn representmg the nonnal or expected level
of hemoglobm for the patIent If the first assessment md1cates the
hemog10bm IS less than the cutoff value of the copper sulfate solutlOn (the
blood drop floats m the copper sulfate solutIOn), thIS md1cate~ the patIent's

FIgure 13

FIgure 14
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hemoglobm value IS less than normal Usmg a range of copper sulfate solutIOns representmg
addItIOnal hemoglobm levels wIll allow a more accurate assessment of the hemoglobm value

SuggestIOns fOi Improving Test Performance

• A pIece of paper can be taped to the bottle to record the number of blood drops put mto the
solutIOn After 50 blood drops have been mtroduced, the level of accuracy of the reagent
decreases and fresh solutIOn must be prepared

• The standard solutIOns should be mIxed thoroughly
• The blood should be used ImmedIately after bemg drawn so It does not clot, unless It IS drawn

wIth antIcoagulant
• Both the water and the stock solutIOns should be at room temperature before use
• The bottles contammg standard copper sulfate solutlons should be clearly marked wIth

hemoglobm gram eqUIvalent amounts
• The blood sample should be dropped from a capIllary tube, a sYrInge, or a dropper It must not be

dropped dIrectly from the fmger
• Blood collected m a capIllary tube from a fmger, heel, or earlobe prIck, or from a vempuncture

sample put mto an EDTA blood collectIOn tube, can be used
• The blood sample must be large enough to form a free-fallIng drop and dropped from an optlmum

dIstance of I cm above the solutIOn
• Check the speCIfic gravIty of the stock and standard solutIons wIth a hydrometer perIodIcally to

be sure they have not changed

Advantages

• InexpensIve
• Performmg the test IS rapId and SImple, though mitIal preparatIon of the solutIOns can take 10 to

30 mmutes
• InterpretatIon IS more ObjectIve than VIsual color matchmg methods ~uch as the filter paper

method, Lovlbond, and SahlI
• Several solutIOns can be prepared to measure a lange of hemoglobm levels
• SolutIOns have a long shelf lIfe If theIr contamers are tIghtly sealed to prevent evaporatIOn
• A 100 ml volume of solutIOn can be used as many as 50 tImes
• ElectrICIty IS not reqUIred

DIsadvantages

• It IS often dIffICUlt to obtam analytIcal-grade copper sulfate chemIcals m rural areas
• PrOVIdes only ranges of hemoglobm levels
• Several solutIOns need to be prepared to meaSUIe a range ofhemoglobm levels
• Stock solutIOns and standard solutIOns must be prepared WIth preCISIOn and stored correctly to

prevent evaporatIOn (whIch may reduce theIr accuracy)
• Stock solutIOns should be obtamed from facIlItles able to make accurate solutIOns
• Laboratory workers must plOperly dIspose of standard solutIOns contammg blood
• Unless fresh solutIOn IS used, error IS mtroduced after 50 tests have been pel formed as the speCIfic

graVIty of the standard solutIOn WIll be altered Error mcreases progreSSIvely WIth contmued use
of old solution
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4 HEMATOCRIT BY CENTRIFUGE

This method does not reqUIre lysIs or dIlutIOn of blood

Prmclple

The hematocnt level, or packed cell volume, IS a measure of the ratIO of the volume of red cells to
the total volume of whole blood (plasma, whIte blood cells, and red blood cells) and IS expressed as
a percentage The ratIO IS determmed after centnfugatIOn The hematocnt level IS approxImately 3
tImes the hemoglobm level

Test Charactertstlcs

Appropnate settmgs
Space reqUirements
Amount ofblood sample
PreparatIOn/processmg time
Sample/test stabIlIty
Accuracy

EqUIpment and Suppizes

Health clInICS
Flat surface, access to electncity or battenes
CapIllary tube (length 70-75 mm, diameter 1 mm)
Average centufugatIOn time IS 5 mmutes at 10,000 XG
The sample IS stable for up to 6 hours
SenSItivIty IS greater than 90% If centnfugal speed IS
conSIstent

Requl1ed DIsposable, standard-sIze, hepanmzed, capIllary tubes (length 70-75 mm, diameter
about 1 mm) or blood collectIOn tubes treated WIth EDTA
Clay sealant
Microhematocnt centnfuge WIth followmg specIficatIOns
• RadIUS greater than 8 em
• Able to achIeve maXImum speed withm 30 seconds
• Able to mamtam a centnfugal force of 10,000 XG for 5 mmutes WIthout exceedmg a

temperature of 45°C
Anthmetic (graph) paper or reference chart to calculate hematocnt value based on packed
cell volume
Electncity or battery power
Stenle lancets

OptlOnal CapIllary tubes Impregnated WIth hepann (anticoagulant)
Tachometer or strobe lIght

Mamtenance and Storage

Check the centnfuge for accuracy by runmng several blood samples WIth known hemoglobm values
from several hemoglobm ranges (50-10 0 g/d1 and 100-150 g/d1) Operate the centnfuge at a range
of speeds and times (5, 10, and 15 mmutes) to determme the best conditlOns for maXImum red blood
cell packmg
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Test Procedures

1 Obtam a blood sample from the fmger, earlobe, or heel The blood should be flowmg freely It IS
Important to centnfuge the tubes wlthm 6 hours after the blood sample IS taken

2 Holdmg the capIllary tube honzontally, fIll It WIth blood untIl It IS 75%
full The tube fills more easIly If It IS kept honzontal so It IS not workmg
agamst graVIty (FIgure 15)

If you are fillIng the capIllary tube from antIcoagulated blood collected
by vempuncture, be sure to mIX the blood m the antIcoagulated tube well
filSt

3 After blood IS collected, place one finger over the dry end of the
capIllary tube, keepmg the tube m a honzontal pOSItIOn

4 StIll holdmg the tube honzontally, remove your fmger from the dry end
and plug It WIth 2 mm of clay sealant (Flgul e 16) If clay sealant IS not
aVaIlable, the tube may be sealed by heatmg the dry end of the tube
rapIdly m a flame

5 Record the patIent IdentIficatIOn WIth the numbel of the slot where each
tube IS placed m the centnfuge

6 Place the capIllary tube mto the slot m the centnfuge head The
plugged end of the tube should be placed away from the center of the
centnfuge (FIgure 17)

7 Centnfuge at hIgh speed (10,000 XG) for fIve mmutes (Flgwe 18)

8 Remove the capIllary tubes m order, one at a tIme and read the results
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InterpretatIOn
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FlgUle 19If usmg anthmetic paper
• Measure the length of both the red-cell level and the total level of red

cells and plasma m the tube
• Use the followmg formula to calculate the packed cell volume (peV)

pev length of red cell column (mm)
length of red cell column (mm)+ plasma column (mm)

If usmg the reference chart
• Lme up the bottom of the red cells at the zero mark (Pomt A, Flgure 19)
• SlIde the capIllary tube along the scale untIl the top level of plasma

reaches the 1 0 mark (Pomt B, FlgUle 19)
• The lme passmg through the top of the red cell column WIll mdicate the

packed cell volume (Pomt C, FlgUle 19)
• Do not mclude the buffy coat as part of the red cell level m the readmg

Suggestions for Improvmg Test Performance

• Attach the capIllary tube to a small pIece of paper on whIch the patIent's name or IdentIfIcatIOn
code IS wntten to aVOId sample mIX up untIl the test IS performed

• IndIVIdual specImens must be clearly labeled WIth patIent IdentIficatIOn and WIth numbers
correspondmg to theIr placement m the centnfuge

• Perform weekly mamtenance of the centnfuge by checkmg the accuracy as descnbed m the
Mamtenance and Storage sectIOn

• Plam capIllary tubes can be used to determme the hematocnt level when blood has been collected
by vempuncture usmg tubes contammg EDTA antIcoagulant

• It IS Important to have a constant source of power when runmng the centrIfuge

Advantages

• RapId
• SImple
• Several speCImens can be measured at one tIme
• Accurate compared WIth the vIsual comparator methods
• Useful for valIdatmg the accuracy of other methods

Disadvantages

• EIther antIcoagulated blood or capIllary tubes contammg antIcoagulant must be used
• Electncity or battery power are reqUIred
• Power supply must be conSIstent to get a true mdicatlOn of packed cell volume
• Heatmg of the centnfuge may cause some red blood celllY~Is, whIch may result m an mcorrect

readmg
• Glass capIllary tubes are fragIle and may break when centnfuged
• Glass capIllary tubes contammg antIcoagulant must be dIscarded after each use and must be

dIsposed of safely
• The use of slower centnfuges may result m maccurate readmgs due to trapped plasma, and IS not

recommended
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5 LOVIBOND TYPE COMPARATOR

ThIS method reqUIres dIlutIOn and lYSIS of blood

Prmclple

The LovIbond VIsual color companson method IS based on comparmg the depth of color that results
when an accurate measurement of blood IS added to a dIlutmg flUId wIth a set of colored glass
standards The hemoglobm m the blood IS converted to oxyhemoglobm or hemIglobmcyamde
dependmg on whIch dIlutmg flUId IS used The color of the test solutIOn IS VIsually compared wIth a
set of glass standards set m a dISC that match the dIluted hemoglobm flUId The mtensIty of color m

the test solutIOn corresponds to a specIfic hemoglobm level

Test Charactellstlcs

Appropnate settmg
Space reqUIrements
Amount of blood sample
PreparatIOn/processmg tIme
Accuracy

Health clImcs
Flat surface, adequate lIght
005 ml
5 mmutes
SenSItIvIty 100% dIlutIOnal method
SpeCIfiCIty 60% dIlutlOnal method

Equipment and Supplles

Requzred Comparator
Colored glass standards
Glass tubes or Lovibond type cells to make dIlutIOns
A calIbrated blood pIpette able to accurately measure 0 05 ml of whole blood
Hemoglobm dIlutmg flUId ammoma or ModIfIed Drabkm's dI1utmg flUId

OptIOnal Parafilm or alummum foIl

Mamtenance and Storage

• Keep the glass dISCS clean, WIpe WIth a cloth If they become dIrty
• Store the dISCS m a box when not muse
• Keep the dISCS out of a humId enVIronment by stonng m a deSIccator and away from heat and

dIrect sunlIght
• The ammoma solutIOn can be stored m a polyethylene wash bottle for up

to one week but should be fIltered before use If It appears cloudy

Test Plocedures

Prepare eIther dIlute ammoma or ModIfIed Drabkm's dIlutmg flUId

Preparmg the dIlute ammoma
I FIll a one-lIter cylmder WIth 1,000 ml of water (Fzgure 20)

Figure 20
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2 Add 0 4 ml concentrated ammoma usmg a pIpette ThIS wIll provIde enough dilutmg flUId for
100 tests

Note A smaller batch can be made by addmg 0 I ml of concentrated ammoma to 250 ml of water m
a wash bottle

Warnmg' Concentrated ammoma IS hazardous and should be handled m a well-ventIlated area
Ideally, It should be handled under a fume hood or wIth use of a respIrator mask where
aVailable

Prepanng the ModIfIed Drabkm's dI1utmg flUId
In laboratones eqUIpped wIth an accurate balance, ModIfied Drabkm's dilutmg flUId can be prepared
as follows

IngredIents PotaSSIUm ferncyamde
PotaSSIUm cyamde
PotaSSIUm dlhydrogen phosphate
Surfactant (such as Nomdet P40 or BnJ 35)
DIstIlled water

1 DIssolve the first three chemIcals m the water and mIX

04g
o1 g
028 g
2ml
2,000 ml

2 Add the surfactant (such as Nomdet, Storex, or BnJ) and mIX gently

3 The reagent should be clear and pale yellow m color

4 Store m a brown bottle If the reagent appears cloudy, It may have mIcrobial
growth and should be dIscarded

Warnmg' PotaSSIUm cyamde IS a hIghly pOIsonous chemIcal and should be used only by
expenenced chemIsts When not m use, It should be kept m a locked cupboard After
usmg the chemIcal, wash your hands thoroughly

Measurmg hemoglobm
1 FIll the Lovlbond-type tube WIth exactly 10 ml of the dilutmg flUId you have prepared Use only

Lovibond-type tubes WIth thIS method If too much flUId IS added, use a pIpette to remove the
excess flUId

2 Clean the eaI10be or fingertIp WIth cotton wool soaked WIth 70% alcohol Allow the alcohol to
dry Obtam a drop of blood by punctunng eIther the earlobe or fmgertIp WIth a stenle lancet
WIpe away the fIrst drop of blood

3 Collect the blood mto the blood pIpette and fill to the 0 05 ml (or 50 ~) mark Keep the pIpette
m a honzontal pOSItIOn to aVOId spIllIng the blood WIpe any excess blood from the extenor of
the pIpette Do not pIpette by mouth
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4 Expel the blood mto the hemoglobm dl1utmg flUId and flush the pIpette
m the flUid several tImes to make sure all the blood IS released
(Fzgure 21)

~
I Blood

I 005ml
I

r W~

l
Standard

Figure 21

5 Place parafilm or fOil wrapper ovel the Lovlbond-type tube and mvert
the tube gently a few times to mIX the blood and the dl1utmg flUId
(Fzgure 22)

Figure 22

6 Place the hemoglobIn dISC (Lovlbond 5 37X) Into the comparator

7 Place a clean tube wIth clear hemoglobIn dl1utmg flUid In the
Standard slot Place the tube contaInIng the blood and test solutIOn m
the Test slot (Fzgure 23)

Figure 23

8 Hold the comparator up to the lIght and tum the dISC untIl the colors
from the two VieWS match each other It IS helpful to take the color
match to slIghtly below, then slIghtly above, In order to fInd the best
color match (Fzgure 24)

Figure 24

InterpretatIOn

Record the correspondmg level of grams of hemoglobIn per 100 ml of blood from the answer slot
Grams per 100 mIlS converted to grams per lIter by multlplymg by 10

26



Chapter 3 - Common An~mia Det~ction T~sts

If you do not have an exact match, IdentIfy the color on the hemoglobm dISC that IS slIghtly lIghter
than the blood sample and the color that IS slIghtly darker than the blood sample EstImate the value
based on the midpomt between the two dISC colors

SuggestIOns for Improvzng Test Performance

• Prepare and measure the reagents carefully for best results
• When samplIng the blood, hold the blood pIpette honzontally Use a tIssue to WIpe any excess

blood from the extenor of the pIpette
• Take duplIcate readmgs on each speCImen to venfy the results
• Small clots m the blood may cause uregular dIstnbutIOn across the chamber
• The results should be read withm 10 mmutes after the blood IS mtroduced mto the ammoma

dilutmg flUId The flUId wIll start to fade and gIve falsely low results after 10 mmutes
• If the sample IS paler than the lowest value on the dISC, repeat the test by addmg twIce the volume

of blood and dIVIde the results by 2

Advantages

• Uses a durable deVIce
• Useful for routme screenmg
• Does not reqUIre electncity
• SImple and rapId
• Measures a range ofhemoglobm values
• Comparator can also be used to measure blood glucose and urea WIth appropnate dISCS

DIsadvantages

• ReqUIres sUbjectIve color matchmg
• Cost of hemoglobm dISCS are hIgh
• ReqUIres preCIse dIlutIOns and calIbrated pIpettes
• ReqUIres a large drop of blood (50 ~)

• ReqUIres ammoma or ModIfIed Drabkm's dilutmg flUId
• Needs to be read m natural daylIght
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6 THE GREY WEDGE (BMS) PHOTOMETER

ThIS method reqUIres lysIs of blood

Prmclple

The grey wedge IS an optIcal wedge that ranges from very dark to very lIght and IS encased m a
vIewmg mstrument LIght IS absorbed sImultaneously by both a defined layer of blood (sample) m a
glass cell chamber and an empty glass cell standard The amount of lIght absorbed IS proportIOnal to
the amount of hemoglobm m the blood sample The wedge IS adjusted by movmg a pomter on the
scale untIl the colors of the two cells withm the mstrument match The hemoglobm level IS obtamed
by readmg the posItIOn of the pomter on the scale when the colors of the two cells match

Test Characteristics

Appropnate settmg
Space reqUIrements
Amount of blood sample
PreparatIOn/processmg tIme
Sample/test stabIlIty
Accuracy

EqUipment and Suppltes

Screemng m health clImcs and smalliaboratones
Flat surface for sample preparatIOn
o005-0 01 ml
5 mmutes (mcludes cleanmg chamber)
10 mmutes
SenSItIVIty of 77 5%
SpecIficIty of 96%

Requl1ed A BMS grey wedge photometer
Sapomn-treated stIcks
Glass chamber for confinmg the blood sample dunng readmg
CalIbratmg glass standard
"C" battenes (1 5 volt)
Detergent for cleamng the glass chamber after use

Mamtenance and StOi age

• Blood should never be allowed to dry m the glass chamber Clean the glass chamber ImmedIately
after use WIth cold, soapy water then nnse thoroughly WIth clean water

• The outer housmg of the photometer can be eaSIly cleaned WIth a soft cloth
• The grey wedge mSIde the housmg can be cleaned by opemng the housmg of the photometer and

wIpmg the wedge WIth a soft cloth

Makmg Saponm-treated stIcks
EqUIpment Bamboo skewers or toothpIcks cut mto 5 cm pIeces

Sapomn powder
EDTA powder
DIstIlled or deIOmzed water
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I Bundle together 100 of the 5 cm stIcks and tIe wIth stnng or rubber bands

2 WeIgh 600 mg of Sapomn and 200 mg of EDTA and mIX these amounts together

3 Add I ml of dIstIlled or delOmzed water

4 StIr gently untll the powder IS dIssolved and the solutlOn IS shghtly pasty Try not to agItate the
mIxture as thIS mcreases alr bubbles Cover the solutlOn so that It IS alrtIght It WIll dry out If not
covered

5 Allow the solutlOn to SIt for several hours or overnIght

6 Place the bundled stIcks m the Sapomn solutlOn so that I cm of the stIck IS Immersed m the
hqmd

7 Soak the stIcks m the solutlOn for 3 hours Dry the stIcks by mcubatmg overnIght (for 12 hours)
between 30 and 45 degrees CelslUs

FImshed Sapomn stIcks should lyse blood wIthm 60 seconds

Test Procedures

Checkmg the cahbratlOn of the Grey Wedge Photometer
1 Insert the cahbratmg glass standard mto the chp so that the label IS

closest to the chp handle (FIgure 25)

Figure 25

2 Insert the assembled chp and glass standard mto the blood chamber
compartment on the SIde of the photometer (FIgure 26)

If you have a glass block standard, msert the glass standard mto the test
cell

3 Operate the photometer by turnmg on the hght source

Figure 26

4 VIsually evaluate the cahbratmg standard through the VIewer and adjust
the grey wedge untll the two vIsual fIelds match (Flgure 27)

5 Read the hemoglobm level from the SIde of the photometer It should be
wIthm +/-05 g of the stated value on the glass cahbratmg standard

6 If the photometer does not gIve a readmg wIthm +/- 0 5 g of the
cahbratlOn standard, first change the battenes and recheck the readmg
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If the readmg stIll remams outsIde 0 5 g of the calIbratIOn standard, recalIbrate the photometer
before takmg any readmgs (see next sectIOn)

7 Remove the assembled clIp and glass standard when calIbratIOn IS completed

CalIbratIng the Grey Wedge Photometer
It IS a good practice to check the calIbratIOn of the grey wedge when the lamp or battenes are
replaced or when results do not match the glass calIbratIng standard

I Note the dIfference m grams from the readmg of the mstrument and that ofthe glass standard value

2 Pull off the clIp wIth the whIte IndIcator lIne

3 Open the photometer and work wIth the upper hOUSIng only Hold the housmg In your left hand
wIth the scale facmg you and your thumb preSSIng up on the slIde button to nnmobilIze It

4 WhIle the base IS ImmobIlIzed, loosen the two exposed screws and move the adjustable IndIcator
the correct dIstance (plus or mmus) as noted In step one

5 TIghten the two screws and push the IndIcator clIp back mto pOSItion

6 Snap the Instrument back together

7 Insert the calIbratIOn glass standard mto the photometer and take the readIng The result should
correspond WIth the value marked on the glass standard

PreparatIOn of the blood sample
The blood chamber conSIsts of an H-shaped glass chamber, a thIck glass cover slIp, and a metal clIp
to hold the two pIeces of glass together The chamber must be completely dry before addIng the
blood, as re::'Idual water wIll dIlute the sample and Influence the readIng

I PartIally assemble the two pIeces of glass Draw out the lower pIece of glass so that the chamber
IS stIll accessIble

2 Clean the fingertIp WIth cotton wool soaked WIth 70% alcohol Allow
the alcohol to dry ObtaIn a drop of blood by punctunng the fIngertIp
WIth a stenle lancet WIpe away the fIrst drop of blood Allow the blood
to freely flow onto the lower pIece of glass of the chamber (Fzgure 28)

3 Hemolyze the blood sample on the glass surface by agItatIng slIghtly
WIth a SaponIn-treated stIck ThIS takes 30 to 40 seconds to fully release
the hemoglobm mto the chamber Be sure the blood IS fully lysed so that
the hemoglobm IS fully released from the red blood cells and that the
glass chamber has an even, well-lysed sample of blood

4 Carefully push both glass chambers fully Into the metal clIp

HemoglobIn estimatIOn
I Insert the assembled chambers and clIp fully Into the blood chamber

compartment on the SIde of the Instrument or In the test cell (FzgUJe 29)
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2 Adjust the wedge untIl the color of the two VIsual fields match
(Flgure 30)

3 Read the result of the correspondmg hemoglobm level (or percent of
normal), dependmg on the scale on your mstrument

InterpretatIOn
Flgwe 30

Some mstruments may gIve the readmg as a percent of normal, rather than as grams ofhemoglobm
per deCIlIter The percent of normal can be converted to grams ofhemoglobm usmg a converSIOn
chart

SuggestIOns for Improvmg Test Performance

• It IS useful to have an addItIOnal glass chamber aVailable If many readmgs wIll be taken m one
seSSIOn

• AVOId allowmg the drop of blood to dry m the glass chamber Immediately after readmg the
result, remove and clean the glass chamber usmg cold, soapy water, then nnse WIth clean water

• To determme If the blood IS fully lysed, put the chamber on top ofnewspnnt Newspnnt can be
easIly read through the blood sample when the blood IS fully lysed

• Ensure there are no air bubbles m the chamber before readmg If air bubbles are present, repeat
the procedure WIth a fresh sample of blood

• The battenes should be changed regularly to aVOId unrelIable test results

Advantages

• Portable
• InexpenSIve
• RapId result

DIsadvantages

• Color matchmg IS sUbjectIve
• Glass chamber must be cleaned and dned thoroughly between uses
• The blood speCImen can dIsperse unequally across the chamber, leadmg to dIffIculty m

mterpretatIOn, espeCially WIth anemIC blood as the red cells settle dunng vIewmg
• Glass chamber IS tedIOUS to work WIth and clean completely because of ItS small SIze
• Can only process one speCImen at a tIme
• Sapomn powder may not be readIly avaIlable
• Results become less relIable when the battenes are low
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7 SAHLI METHOD OF HEMOGLOBIN ESTIMATION

ThIS test reqUIres dIlutIOn of blood and VIsual color match

Prmclple

The SahlI method IS based on convertmg hemoglobm to aCId hematm and then vIsually matchmg ItS
color agamst a solId glass standard DIlute hydrochlonc aCId IS added to a graduated cylmder contammg
a blood sample untIl the color of the dIluted blood sample matches that of the glass standard The
quantIty of dIlute aCId added WIll be determmed by the hemoglobm level of the blood sample

Test Characteristics

Appropnate settmgs
Space reqUIrements
Blood sample amount
PreparatIOn/processmg tIme
Sample/test stabIlIty
Accuracy

Equipment and Supplzes

Health clInICS, mobIle laboratones
Flat surface, dIrect, natural, hghtmg
o02ml
10 mmutes
10 mmutes
SenSItIvIty 85%
SpeCIfiCIty 85%

Requued SahlI hemoglobmometer (solId glass standard and a calIbrated gtaduated cylmder)
Sahh blood pIpette (calIbrated to 0 02 ml)
Small glass rod for stIrrIng or wooden applIcator stIcks If glass lOds are not aVaIlable
Dropper for addmg the hydrochlonc aCId
DIlute 0 1 M hydrochlonc aCId (0 1 N)
Detergent

Optzonal TImmg deVIce

Mamtenance and Storage

• The SahlI calIbrated graduated cylInder must be cleaned after each use by washmg WIth soapy water
and rmsmg WIth clean water

• Stonng the brown glass standard away from ~unlIght plevents the colm from fadmg

Test Plocedures

I FIll the Sahh graduated cylmder to the 2 g mark WIth dIlute 0 I M
hydrochlOrIC aCId (approxImately 0 15 ml) (Flgwe 31)

2 Clean the fingertIp WIth cotton wool soaked WIth 70% alcohol Allow
alcohol to dry Obtam a drop of blood by punctunng the fmgertIp WIth a
stenle lancet WIpe away the fIrst drop of blood

Flgule 31
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3 Draw the blood to the 0 02 ml mark usmg the Sahli blood pIpette Do not
pIpette by mouth (Flgure 32)

4 WIpe any reSIdual blood flOm the extenor of the pIpette Recheck that the
blood still reaches the 0 02 ml mark

Flgwe 32

5 Add the blood to the dIlute aCId MIX the blood and aCId thoroughly by
flushmg the pIpette several times (Flgwe 33)

6 Allow the acul/blood mIxture to stand for five mmutes

7 Place the tube mto the tube holder of the colored scale

Flgwe 33

8 Hold the scale up to the light (Flgwe 34)

9 If the color of the solutIOn IS the same or lighter than that of the colored
standard, the hemoglobm level IS 4 g/dl or less

If the color of the solutIOn IS darker than the colored standard, contmue to
add dIlute aCId drop by drop Stu the solutIOn WIth the glass rod after each
drop IS added, and compare the solution to the colored glass standard

10 Keep addmg the aCId until the color of the solution matches the color of
the glass standard (Flgure 35) Hold the scale up to a wmdow when
assessmg the color match

11 Once the colors match, hold the mstrument at eye level and record the value
of percent hemoglobm mdicated on the SIde ofthe tube by the level of flUId

SuggestIOns for Implovmg Test Pelfm mance

FIgure 34

FIgure 35

• PreCISe measurements of blood WIll Improve accuracy
• WIpe any excess blood from the extenor of the Sahli pIpette
• Addmg the dIlute aCId slowly and stIrnng the solutIOn after each new drop WIll mcrease accuracy
• Rmse the pIpette WIth cold water after use and allow to dry thoroughly before reusmg
• It IS useful to have several blood pIpettes and calibrated cylinders aVailable If many readmgs are to be

taken dunng one seSSIOn
• Inspect the solutIOn for cloudmess before takmg measurements If the solutIOn appears cloudy, add a

little surfactant (detergent)
• Allow a full five mmutes after the blood IS first added to the aCId for the reactIOn to be completed
• Practice domg the test WIth samples of known hemoglobm levels to Improve accuracy
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• VIsual matchmg should be taken facmg a wmdow wIth daylIght behmd the scale
• At the end of each day, fIll the graduated cylmder wIth 3% sodIUm hydroxIde and leave overnIght to

remove protemous deposIts, then nnse thoroughly wIth water Do not soak entIre gIaduated cylInder
m the sodIUm hydroxIde as thIS wIll cause the numbers on the tube to fade

Advantages

• Instrument and reagents are mexpensIve
• Test IS easy to perform
• ElectrIcIty IS not reqUIred
• Good method to have on standby m case more accurate methods faIl

DIsadvantages

• Color matchmg IS sUbjectIve
• The color of the glass standard IS not a true match for the color of dIluted blood
• Color of the standard wIll fade WIth tIme and needs penodIc calIbratIOn to determme the correctIOn

factor As descnbed m the mtroductIOn, qualIty control should be done by companng values obtamed
WIth the SahlI hemoglobmometer to known hemoglobm values determmed by a reference standard
The ShIft of the colored standard can be determmed by usmg a control chart

• Graduated tubes must be cleaned before use
• It IS easy to add too much dIlute hydrochlonc aCId dunng the color companson process
• ACId hematm IS not a stable compound and readmgs must be taken wIthm the recommended tIme

mterval
• Samples can only be measured one at a tIme
• After prolonged use, the numbers on the graduated cylInder fade and are dIffIcult to read
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8. PORTABLE HEMOGLOBINOMETER (HemoCue)

ThIS method reqUIres IYSI~ of the blood

Prmclple

The HemoCue IS an example of a rugged, portable, and accurate hemoglobmometer readIly aVaIlable
for use Other portable hemoglobmometers are aVaIlable, but theIr test procedmes may dIffer from
those presented here Consult the package msert that accompames your hemoglobmometer

The HemoCue uses a dIsposable cuvette that IS treated wIth chemIcals that rupture the red blood cell
wall and combme wIth the hemoglobm to form a compound that can be measured photometncally
The result IS dIsplayed m dIgItal form on the face of the mstrument

Test Charactellstlcs

Appropnate Settmg

Space ReqUIrements
Amount of blood sample
PreparatIOn/Processmg TIme
Sample/Test stabIlIty
Accuracy

Equipment and Supplzes

Requzred HemoCue mstrument
DIsposable cuvettes
NIckel cadmIUm battenes
Standard control cuvette

Mamtenance and Storage

Useful m rural settmgs, for surveys, and where hIgh accuracy
IS Important
MInImal
001 ml
1 mmute
10 mmutes
SenSItIvIty 85% m field settmgs

100% m laboratory
SpeCIfiCIty 94%

• Store dIsposable cuvettes m theIr contamer wIth desIccants (to keep them dry) They are stable for
three months after bemg opened

• Store cuvettes away from humIdIty and heat
• Store the HemoCue mstrument away from heat and hIgh humIdIty
• The mstrument should be carefully and regularly cleaned
• Careful cleanmg and mamtenance of the photometer IS cruCIal
• Take a reference standard readmg before each day's testmg and keep a record ofreadmgs m a

notebook to determme If the readout values vary over tIme
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Test Procedures

1 Move the sWItch at the back of the HemoCue Instrument to the "Power On" posItIon

2 Pull out the cuvette holder to InSertIOn posItIon ThIS IS noted by a
dIStInct stop WhICh should not be exceeded (Fzgure 36)

3 CalIbrate the hemoglobInometer USIng the standard cuvette provIded

4 Clean the earlobe or fingertIp WIth cotton wool soaked wIth 70%

alcohol Allow alcohol to dry Obtam a drop of blood by puncturmg
eIther the ear lobe or fmgertIp wIth a stenle lance WIpe away the fIrst
drop of blood

5 FIll the dIsposable cuvette wIth the blood drop by placmg the capIllary
tIp of the cuvette on the blood drop (Fzgure 37)

6 Be sure that the cuvette IS entIrely filled WIth blood, but do not overfill
It If aIr bubbles are present, dIscard the cuvette and fill a new dIsposable
cuvette

7 Place the filled cuvette m the cuvette holder and push It mto the deVIce
untIl It stops (Fzgure 38)

8 After 45 seconds, the hemoglobIn value IS shown on the dIsplay
(Fzgure 39)

The dIsposable cuvettes cannot be reused and must be dIsposed of
properly, as descnbed m the waste dIsposal sectIOn m Chapter 1

36

, '"t....- ......

Fzgure 36

Fzgure 37

Fzgwe 38

Fzgule 39



Chapt~r 3 - Common An~mia D~t~ctiol1 T~sts

Suggestions for Improvmg Test Performance

• Take the readmg withm ten mmutes of samplmg
• Replace the cap ImmedIately after cuvettes are removed from the contamer

Advantages

• Portable, lIghtweIght, and sturdy
• Accurate
• RapId result that reqUIres no calculatIOns
• Instrument IS sturdy and durable
• Complete WIth standard control cuvette
• SImple to use
• MInImIZeS exposure to blood

Disadvantages

• HIgh mIt1al cost of the mstrument
• HIgh cost of dIsposable cuvettes
• DIsposable cuvettes cannot be reused and create solId waste
• HIgh humIdIty can adversely affect performance
• DIsposable cuvettes have a shelf lIfe of three months once the contamer IS opened
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9 CO ,ORIMETRY-HEMIGLOBINCYANIDE METHOD

Th method reqUIres dIlutIOn of the blood

Prmc, e

The }- globmcyamde (or cyanmethemoglobm) method IS the most accurate method of measunng
hemoglobm and IS consIdered the "reference standard" The eqUipment IS also the most complex
among the mne tests descnbed

A measured sample of whole blood IS added to Drabkm's dIlutmg flUid The red cells are hemolyzed
and the hemoglobm IS converted mto a stable compound, hemiglobmcyamde The sample IS placed
m a colonmeter and the amount of lIght that IS absorbed by the blood sample at a certam wavelength
IS proportIOnal to the amount ofhemoglobm m the blood A reference solutIOn ofa known
hemoglobm level IS used to standardIze the method

Test Characteristics

Appropnate settmgs
Space IeqUIrements
Amount of blood sample
PreparatIOn/processmg tIme
Sample/test stabIlIty
Accuracy

EqUipment and Supplzes

DIstnct- and central-levellaboratones
A stable, flat surface, constant electncity source
002 ml
20 mmutes
Several hours
SensItivIty 100%
SpecIficIty 100%

ReqUIred Cuvettes
Test tubes
PIpettes calIbrated to delIver 0 02 ml (20 ~) accurately, such as the SahlI blood pIpette
PIpettes calIbrated to delIver 5 ml accurately
PhotoelectrIc colorImeter that transmIts lIght at 540 nanometers
Drabkm's dIlutmg flUid
Standard solutIOn ofhemoglobm at 150 g/dl
Graph paper
Watch or tImer

Mamtenance and Storage

• Keep the colonmeter clean and do not spIll flUids mSIde the test slot
• Power surges may harm the mstrument
• Store the colonmeter on a flat, stable surface
• CalIbrate the mstrument before use
• Drabkm's dIlutmg flUid must always be stored m a brown bottle, away from lIght
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Test PI ocedul es

Prepanng a standard calIbratIOn curve
ThIS plOcedure should be done frequently (every week or two) and when fresh reagents are prepared

1 Ensure that the colonmeter IS used wIth a yellow/green fIlter If a spectrophotometer IS used,
adjust the wavelength to 540 urn SWItch on the colonmeter or spectrophotometer and allow It to
warm up for ten mmutes before use

2 Prepare the Drabkm's dIlutmg flUId or ModIfIed Drabkm's dilutmg flUId (see page 25)

3 Label five tubes 1 through 5 Be sure the matched colonmeter test tubes or cuvettes are cleaned
before usmg Prepare the dIlutIons by addmg the standard solutIOn ofhemoglobm at 15 0 g/dl to
the Drabkm's dIlutmg flUId m the quantItIes mdicated below

Standard Drabkm's
Tube No SolutIOn (m1) Dl1utmg FlUId Hemog10bm (g/d1)

1 40 0 1500
2 20 20 750
3 1 3 27 487
4 1 0 30 375
5 00 40 000

4 MIX solutIOns and allow them to stand for fIve mmutes (Fzgure 40)

5 FIll a clean cuvette wIth the solutIOn from Tube No 5 (ModIfied
Drabkm's or Drabkm's dilutmg flUId) WIpe the outsIde of the cuvette
and remove any bubbles m the SolutIon by tappIng the cuvette Place the
cuvette m the colonmeter ensurIng the transparent SIdes are faCIng the
lIght path Adjust the colonmeter to zero absorbance

6 FIll four addItIonal cuvettes wIth solutIOns from tubes 1 through 4
Place each cuvette In the test slot and read ItS absorbance from the
colonmeter (Fzgure 41) Record the results

39

&':, .. tB
D b
Sit

Flgwe 40

Figure 41



Chapter 3 - Common Anemia Detection Tests

Prepanng a calIbratIOn graph
1 Plot the absorbance readmgs of the dIluted standards agamst theIr known

concentratIOns of hemoglobm (FIgure 42)

2 From the graph values, prepare a table ofhemoglobm values from 20 to
18 0 g/dl, WIth theIr correspondmg absorbance values

Hemoglobm estImatIOn
I Label tubes WIth patIent IdentIficatIOn numbers

0'
02

..
1

4..
2.5 50 75 100 12.5 150

HEMOGLOBIN

FIgure 42

2 Use the pIpette to add 50 ml of Drabkm's or ModIfIed Drabkm's dIlutmg flmd mto each tube

3 Draw venous or capIllary blood to the 0 02 ml mark of a SahlI pIpette Do not allow aIr bubbles
to enter

4 WIpe any excess blood from the extenor of the pIpette so as to delIver exactly 0 02 ml Be
careful not to absorb any blood from the mtenor of the pIpette

5 Place 0 02 m! of blood m 50 ml of the Drabkm's or ModIfIed Drabkm's dilutmg flmd Flush the
pIpette several tImes m the dIlutmg flUId to ensure delIvery of the entIre quantIty of blood
Inspect blood and dIlutmg flUId mIxture for c10udmess pnor to takmg measurements c10udmess
can be mmimized by the addItIon of a small amount of detergent to the solutIOn

6 MIX the contents of the tube thOloughly and let It rest for five mmutes at room temperature so
that the reactIOn WIll be complete FIll each cuvette WIth the amount speCIfied

7 Use Drabkm's or ModIfied Drabkm's dIlutmg flUId to zero the spectrophotometer at 540 nm or
for a control match m a colonmeter

8 Read and record the absorbance of each speCImen (Fzgure 43)

Figure 43

Intelpi etatlOn

Use the table prepared from the calIbratIOn gIaph (see Fzgwe 42) to determme the hemoglobm levels
from theIr correspondmg absorbance The results are reported m grams per deCIlIter (g/dl) of
hemoglobm
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Chapter 3 - Common Anemia Det~ction T~sts

Suggestions fOl Improvmg Test Performance

• Before performmg a hemoglobm estImatIOn, determme the hemoglobm concentratIOn m tnplIcate
of a known control sample The three results should not dIffer by more than 0 5 g/dl Ifthe
dIfference IS greater than 05 g/dl, carefully repeat the procedure, paymg careful attentIOn to
accurate volume measurement and thorough mIxmg of the control sample

• All solutIOns should be at room temperature pnor to takmg readmgs
• The blood and ModIfied Drabkm's dilutmg flUId must be thoroughly mIxed and allowed to SIt for

at least five mmutes before takmg measurements so that results WIll be accurate If usmg
"ordmary" Drabkm's dilutmg flUId WIthout surfactant, the blood and Drabkm's dilutmg flUId must
SIt for 10 mmutes before takmg measurements

• Drabkm's or ModIfied Drabkm's dilutmg flUId IS tOXIC and must be handled WIth care and
dIsposed of properly as descnbed m the waste dIsposal sectIOn m Chapter 1

Advantages

• ProVIdes the most accurate hemoglobm estImatIOns
• Many samples can be evaluated at one tIme
• Samples can be prepared several hours m advance of evaluatIOn
• Allows a stable, relIable standard to be WIdely aVailable

Disadvantages

• Method requIres extremely accurate measurements
• A stable electrICIty source IS reqUIred
• ReqUIres handlmg and disposmg of tOXIC chemIcals
• ReqUIres tIme to prepare the calIbratIOn curve usmg reference standards
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Appendix-Factors Influencing Anemia DetectIOn Tests

In evaluatmg the appropnateness of an anemIa detectIOn test, there are several factors to consIder
These mclude the test's senSItIVIty, specIfICIty, accuracy, reproducIbIlIty, range ofnormal, and
detectIOn lImIts In order to determme these, a few baSIC and essentIal statIstIcal calculatIOns have to
be done These mclude the mean, vanance, standard deViatIOn, and coeffiCIent ofvanatIOn Some
defimtIOns and pomts to consIder when decIdmg on whIch anemIa detectIOn test to use are descnbed
below ThIS IS followed by the formula for calculatmg hemoglobm at hIgh altItudes

Mean The mean, or average, IS a value WhICh IS typIcal or representatIve of a set ofdata It takes
account of all observatIOns and IS determmed by calculatmg the sum of all the observatIOns and
divIdmg by the number of observatIOns The followmg formula IS used to calculate the mean

x= (Xl + x2+ x3 + xn)/n

X IS the anthmetlc mean

x), X2, x3, and Xn represent the value of each mdividual observatIOn

n IS the number ofobservatIOns

For example, Ifwe WIsh to determme the average hemoglobm level from 8 dIfferent hemoglobm
measurements, 12 5, 125, 126,80, 125, 123, 12 6, 12 5

X"= (125 + 12 5 + 126 + 8 0 + 125 + 123 + 12 6 + 12 5)18

=119

Two other calculatIOns, the vanance and the standard deViatIOn, are used to determme how wIdely the
values scatter about the mean

Vanance Vanance IS a measure ofthe dIspersIOn ofresults around the mean It IS the average of the
sum of the squdres, 1 e the average ofthe squared deVIatIOns where the mean IS subtracted from each
value Because It IS a squared quantIty, the value of the vanance wIll not be assIgned the same umts of
measure as the mdividual observatIOns (e g g/dl ofhemoglobm) thus ItS use IS hmited
Vanance (V) IS calculated

L (x _X)2
V=----

n-l

Usmg the data from the first example

(Xl -xf + (x2- irK +(Xn - x)
n-l

V=(12 5-11 9)2+(125-11 9)2+(126-11 9)"+(80-11 9)2+(125-11 9)2+(123-11 9)2+(126-119)2+(125-11 9)2
8-1

=254

Standard DeVIatIon Standard deViatIOn IS also a measure ofdIsperSIOn about the mean and IS the
square root ofvanance The standard deViatIOn IS the most common measure ofdIsperSIOn because It
IS expressed m the same umts as the ongmal observatIOns It IS determmed by takmg the pOSItIve
square root of the vanance,

SD=..JV=~L (x -xi
n-l



Appendix

The standard deVIatIon wIll be small when the group ofobservatIOns are bunched closely about the mean
and large Ifthey are scattered

Usmg the data from the example above

SD= .JV =.J2 54 =1 6 g/dl Hb

The CoeffICIent ofVanatIon The coeffICIent of vanatIOn IS a measure ofrelatIve preclSlon that IS
determmed by divIdmg the standard deVIatIOn by the mean and IS expressed as a percentage The
coefficIent ofVarIatIOn IS normally used for determmmg the preCISIOn ofseveral measurements ofthe
same sample Generally, for tests to be acceptable, the COeffICient ofvanahon (CV) should be less
than 5%

SD
CV=-=-x 100

x

SenSItIVIty SenSItIVIty IS the abIlIty to accurately detect a condItIOn and IS expressed as a
percentage "POSItIveness of condItIOn" IS defined as the proportIOn of test results that are pOSItive
(true pOSItives) among all those WIth the condItIOn (true pOSItIves and false negatives) The hIgher
the senSItiVIty ot a test, the greater the abIlIty to mmimize false negatIves

SenSItiVIty = True pOSItIves
True pOSItives plus false negatIves

x 100

SpeCIfiCIty SpeCIfiCIty IS the abIlIty to correctly determme the absence of a condItion and can be
thought of as "negatIveness of condItIOn" SpeCIfiCIty IS defined as the proportIOn of true negatives
among the healthy (true negatives and false pOSItives) The hIgher the speCIfiCIty of a test, the greater
the abIlIty to mmimize false pOSItIves

SpeCIfiCIty = True negatIves
True negatives plus false pOSItives

x 100

Factors that WIll mfluence the senSItIVIty and speCIfiCIty of anemIa dIagnostICS tests Include

How the blood lS collected CapIllary blood dIffers from venous blood CapIllary blood IS 1% to 3%
lower In red cell volume than venous blood When anemIa IS severe, results denved from capIllary
blood are less accurate than venous blood

The type oftest used and the populatlOn studled If a test only detects severe anemIa but the
prevalence ofmIld to moderate, rather than severe anemIa, IS hIgh, then the actual number ofcorrectly
IdentIfied anemIC cases may be lower than If a test WIth a broader detectIOn abIlIty IS used
HemoglobIn values are more accurately measured when they fall In certaIn ranges for some
methods For example, the copper sulfate method IS more senSItIve for hemoglobIn levels below
9 0 g/dl

Lab01 atory versus field condltlOns In general, laboratory settIngs have a more controlled
enVIronment than fIeld settIngs Takmg duplIcate measurements, controllmg ambIent condItIOns such as
temperature, and followmg the proper test procedures mfluence the senSItIVIty and speCIfiCIty ofa test
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App~lldix

Reference Method The reference method serves as a companson agamst whIch new tests are
measured In determmmg hemoglobm values, the hemiglobmcyamde method IS consIdered the
reference method

Accuracy Accuracy IS a measure of closeness between an observed result and the true value An
accurate test IS free from both random and systematIc errors

PreCISIon or ReproducIbIlIty PrecIsIOn IS the degree of agreement between repeated measurements
of the same test Good preCISIOn, or reproducIbIhty, does not ensure the accuracy of the test, It IS a
measure of vanablhty of the test when repeated under the same condItIOns Factors that affect
reproduclbIhty mclude patIent and laboratory condItIOns

Range of Normal The range of normal values wIll vary from populatIOn to populatIOn-men,
women, pregnant women, chIldren, and those hvmg at hIgh altItudes WIll dIffer from one another m
theIr normal range ofhemoglobm values There may be overlap from group to group, but It IS
Important to acknowledge the varymg cutoff levels when diagnosmg anemIa

DetectIOn LImIts The detectIOn ltmIts, or senSItiVIty, ofeach method vary and IS an Important factor
when determmmg WhICh method IS most appropnate The hemiglobmcyamde colonmetnc method can
accurately measure hemoglobm to withm +/- 0 5 g/dl, whereas the VIsual colonmetnc methods detect ranges
ofhemoglobm to Withm +/-1 0 g/dl and are only useful for quahtatIve screemng The nonmvaSIve test based
on clmical SIgnS detects the presence ofsevere anemIa, but does not mdicate actual hemoglobm levels It IS
tmportant to acknowledge the varymg detection ltmlts ofthe dIfferent anemIa detectIon methods so that they
are used m appropnate SItuatIOns

In cases where severe anemIa IS suspected, It IS Important to accurately measure the level of
hemoglobm m order to aVOId unnecessary blood transfuSIOns Blanket Iron supplementatIOn
programs reqmre baselme hemoglobm data as well as follow-up data to capture changes m
hemoglobm levels m order to determme whether treatment was effective, thus a senSItive method IS
needed

When hemoglobm ranges are m the upper end ofnormal, as much as one-fifth ofthe blood volume may
be lost before anemia IS detected Usmg tests WIth more senSItive detectIOn ltmits can IdentIfy these
types of condItIOns Both case management and momtonng commumty-based mterventIOns reqmre
senSItive methods m order for the results to be vahd The VIsual companson methods are unsmtable for
thIS purpose as the hmits of detection are too WIde to gIve meanmgful results
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Appendix

Determmmg Hemoglobm Levels at HIgh AltItude LIVIng at a hIgh altItude results In Increased led
blood cell productIOn to compensate for the reduced level ofoxygen In the air, thus, the level for
normal hemoglobIn IS greater at hIgher elevatIOns than at sea level It IS Important to determIne
whether anemia eXIsts among populatIOns hVIng at hIgh altItudes An equatIOn has been developed to
adjust for the altItude effect on hemoglobIn, where the altItude IS known

Hb adjusted = Hb observed - Hb adjustment for AltItude

To determIne the Hb adjustment for AltItude
Hb adjustment for AltItude = 0032 XAltItude + 0022 X(AltItude XAltItude)

Therefore
Hb adjusted = Hb observed - 0 032 XAltItude + 0 022 x (AltItude x AltItude)

AltItude = AltItude In 1,000 feet umts or In 1,000 meter umts x 3 3,
e g 4,000 feet = 4 x 1,000 feet umt

For example A man hVIng at an elevatIOn of6,000 feet and wIth an observed hemoglobIn of 18 5 g/dl,
wIll have an adjusted hemoglobIn of 17 5 g/dl USIng the above formula

Hb adjusted = 185 g/dl- ((0 032 x 6) + (0 022 x (6 x 6)))
= 185 g/dl- (0 192 + (0 022 x 36))
= 185 g/dl- (0 192 + 0 792)
= 185 g/dl- (0 984)
= 17 5 g/dl

Where the exact altItude IS not known, the Centers for DIsease Control recommend that the follOWIng
altItude Hb adjustments be made by subtractIng the value hsted for each altItude value from the hemo­
globIn value obtaIned from the patIent

AltItude Db AltItude Db
(feet) (g/dl) (meters) (g/dl)

<3,000 0 <1,000 0
3,000 - 3,999 +01 1,000 - 1,499 +01
4,000 - 4,999 +02 1,500 - 1,999 +04
5,000 - 5,999 +04 2,000 - 2,499 +07
6,000 - 6,999 +06 2,500 - 2,999 +12
7,000 - 7,999 +10 3,000 - 3,499 +18
8,000 - 8,999 +12 3,500 - 3,999 +25
9,000 - 9,999 +15 4,000 - 4,499 +34

10,000 - 10,999 +19 4,500 - 4,999 +43
11,000 - 11,999 +23 5,000 - 5,999 +54
12,000 - 12,999 +28 >6,000 +66
13,000 - 13,999 +33
14,000 - 14,999 +39
15,000 - 15,999 +45
16,000 - 16,999 +51
17,000 - 17,999 +58
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Glossary

Absorbance

Accuracy

ACldhematm

Blank

Buffycoat

Colonmetry

Drabkm's dIlutmg
flUId

EDTA

Hematocnt

Hemlglobmcyamde

Hemoglobm

Normal reference

Oxymethemoglobm

A measure of the amount of lIght absorbed by a substance

The extent to whIch the measured value agrees WIth the true value

The compound that results when hydrochlonc aCId reacts WIth hemoglobm m
blood It IS used m the SahlI method

A method of establIshmg a baselIne or zeromg an mstrument so that subse­
quent measurements are of the substance

The layer of whIte blood cells whIch separates out when a blood sample IS
centnfuged, as m the hematocnt method

A procedure to measure the absorbance of specIfic wavelengths of lIght
passed through a solutIOn by means of a colored fIlter The amount of lIght
absorbed IS used to determme the concentratIOn of a substance m a solutIOn
Also called fIlter photometry

A flUId conslstmg ofpotaSSIUm ferncyamde, potaSSIUm cyamde, and sodIUm
bIcarbonate that IS used to convert hemoglobm to hemlglobmcyamde A
modIfIed Drabkm's dIlutmg flUId can be prepared by usmg a phosphate buffer
and surfactant, whIch results m a more rapId converSIOn of hemoglobm to
hemlglobmcyamde

EthylenedIamme tetra acetIc aCId The dIpotaSSIUm or tnpotassIUm forms used
m blood collectIOn tubes prevent blood from clottmg

A measure of anemIa, m whIch the volume of red blood cells IS expressed as a
percentage of the total blood volume

The compound that results when hemoglobm IS added to Drabkm's dIlutmg
flmd When measured photometncally at 540nm, and calIbrated WIth WHO/
InternatIOnal CommIttee for StandardIzatIOn m Haematology, InternatIOnal
Reference PreparatIOn, the method IS conSIdered the "reference method" for
hemoglobm measurement

The pIgment that gIVes color m the red blood cells Hemoglobm conSIsts of
protem chams and heme molecules contammg ferrous Iron Hemoglobm
carnes oxygen from the lungs to the tIssues and carbon dIOXIde from tIssues to
lungs

A substance or deVIce that conforms to natIOnal or mtematIOnal reference
standards

The oxygenated form ofhemoglobm used m several methods of anemia
detectIOn, mcludmg the BMS Hemoglobmometer, the Lovlbond Comparator,
and photometrIC methods
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Glossary

PreCISIOn The abIlIty of an Instrument or method to reproduce a measured value

QualIty assurance A system of actIvItIes that assures that tests are performed WIthIn defined
standards to assure qualIty

Reference standard A substance WIth a known concentratIOn of substrate that IS used to check the
preCIsIOn of a test procedure In routIne practIce

SaponIn A detergent that dISruptS the red blood cell wall and releases hemoglobIn Into
the plasma

SenSItIvIty The number of true pOSItIves correctly IdentIfied among all samples tested
Expressed as a percentage

SpeCIfiCIty The number of true negatIves correctly IdentIfied among all samples tested
Expressed as a percentage

SpeCIfic graVIty A measure of the denSIty of a matenal In grams per millIhter, compared WIth
the denSIty of water It IS ImpOl tant In the copper sulfate method

Spectrophotometry A procedure that uses a gIven wavelength of lIght from a contmuous spectrum
to measure the concentratIOn of a substance In a solutIOn by the amount of
hght absorbed

Surfactant A detergent used to decrease the surface tenSIOn of water

48



BIBLIOGRAPHY

Amencan ASSOcIatIOn of Blood Banks Techmcal Manual Amencan AssocIatIOn of Blood Banks,
10th Edltlon, 1990

Cannan, RK Laboratory Methods Proposal for d certIfied standard for use m hemoglobmometry­
second and final report Journal of Laboratory and ClImcal Medlcme 1958,52(3) 471-476

Carter, J and Lema, 0 PractIcal Laboratory Manual for Health Centres m Eastern Afnca NairobI,
AfrIcan MedIcal and Re~earch FoundatIOn, 1994

Chambers, LA and McGuff, JM EvaluatIOn of methods and protocols for hemoblobm screenmg of
prospectlve whole blood donors Amencan Journal ofClImcal Pathology 1989,91 309-312

Cheesbrough, M MedIcal Laboratory Manual for TropIcal Countnes-Volume 1 Cambndge, UK
Umverslty Press, 1991

Crosby, WH et al Standardlzmg a method for clImcal hemoglobmometry US Armed Forces
MedIcal Journal May 1954,5 693-703

DeMaeyer, EM et al Preventmg and Controllmg Iron DefIciency Anaemia Through Pnmary Health
Care A Gmde for Health Admlmstrators and Programme Managers Geneva, World Health
OrgamzatIOn, 1989

Dlscombe, Get al The accmacy ofhaemoglobm determmatIOns WIth the Spencer
haemoglobmometer Journal of College General PractitIOners 1966,12251-252

Doll, DC and Rmgenberg, QS Cardmal mamfestatIOns of anemIa a cntIcal reappraisal InfectIOns
m Medlcme December 1990,24-27

Ellers, RJ NotIficatIOn of final adoptIOn of an mternatIOnal method and standard solutIOn for
hemoglobmometry speCIficatIOns for preparatIOn of standard solutIOns The Amencan Journal of
ClImcal Pathology 1967,47(2) 212-214

Elwood, PC and Jacobs, A Haemoglobm estImatIOn a companson of dIfferent techmques BntIsh
MedIcal Journal 1966,1 20-24

Evatt, BL et al Fundamental DIagnostIcs Hematology AnemIa US Department of Health and
Human ServIces and World Health OrgamzatlOn, 2nd EditlOn, 1992

Gammon, A and Baker, SJ StudIes III methods of haemoglobm estimatlOn sUitable for use m publIc
health programmes Indian Journal of MedIcal Research 1977,65(1) 150-156

George, AO A sImple and readIly aVailable method for packed cell volume determmatIOn TropIcal
Doctor 1990,20 76-77

Ghosh, S and Man, M Screemng for AnaemIa (Lettel to the edItor) The Lancet Apn115, 1978,823

49



Bibliolrraphy

Gjorup, T et al A cntIcal evaluatIOn of the clInIcal dIagnosIs of anemia Amencan Journal of
EpIdemIOlogy 1986,124(4) 657-665

Glass, Ret al The value of sImple conjunctIval exammatIOn m field screenmg for anemIa NutntIOn
Reports InternatIOnal 1980,21(3) 405-412

Guha, SK et al QuantItatIve reflectance haemoglobmometry New DelhI, Centre for BIOmedIcal
Engmeenng, IndIan InstItute of Technology

GUjral, S et al Agreement between haemoglobm estImatIOn and anaemia recognItIOn card m
assessment of anaemIa m pregnant women European Journal of ClInIcal NutntIOn 1989,43473-475

Jacobs, SL and Fernandez, AA Hemoglobm m Plasma Standard Methods of ClInIcal ChemIstry
1970,6107-114

Johns, WL and LewIs, SM Pnmary health screenIng by haemoglobmometry m a tropIcal
communIty Bulletm of the World Health OrganIZatIOn 1989,67(6) 627-633

Kege1s, G et a1 Haemog10bm and packed cell volume measurement the relIabIlIty of some SImple
technIques for use m surveys or rural hospItals Annales de la SocIete BeIge de Medecme Troplcale
1984,64413-419

Kmg, M A MedIcal Laboratory for Developmg Countnes Oxford, Oxford UnIVerSIty Press, 1973

Lmegar, AG et al Accuracy of a portable haemoglobmometer m clInIcal practIce South Afncan
MedICal Tourna14 May 1991,79547-548

Luby, SP et al Usmg clInIcal SIgns to diagnose anaemIa m Afncan chIldren Bulletm of the World
Health OrganIZatIOn 1995,73(4) 477-482

Manual of BaSIC TechnIques for a Health Laboratory Geneva, World Health OrganIZatIOn, 1980

MIlls, AF and Meadows, N Screenmg for anaemIa evaluatIOn of a haemoglobmometel ArchIves of
DI~ease m ChIldhood 1989,64 1468-1471

NeVIlle, RG EvaluatIOn of a portable haemoglobmometer m general practIce BntIsh MedIcal
Journal May 16, 1987,294 1263-1265

PhIllIps, RA et al Measurement of speCIfic graVItIes of whole blood and plasma by standard copper
sulfate SolutIons Journal ofBIOlogIcal ChemIstry 1950, 183( I) 305-330

PolItzer, WM et al Haemoglobm estImatIOn-relIabIlIty ot the copper sulphate speCIfIC graVIty v
the cyanmethaemoglobm colonmetnc method South Afncan MedIcal Journal January 23,
1988,73 111-112

Sanchez-Carnllo, CI BIas due to conjunctIval hue and the clImcal assessment of anemia Journal of
ClInIcal EpIdemIOlogy 198942(8) 751-754

50



Bibliography

Sanchez-Carnllo, CI et al Test of a nonmvaSIVe mstrument for measunng hemoglobm
concentratIOn InternatIOnal Journal ofTechnology Assessment m Health Care 1989,5 659-667

Stone, JE et al An evaluatIOn of methods of screenmg anaemIa Bulletm of the World Health
OrgamzatIOn 1984,62(1) 115-120

Stott, GJ and LeWIS SM A SImple and relIable method for estImatmg haemoglobm Bulletm of the
World Health OrgamzatIOn 1995,73(3) 369-373

Strobach, RS et al The value of the phySIcal exammatIOn m the dIagnosIs of anemIa correlatIOn of
the physclal findmgs and the hemoglobm concentratIOn ArchIves of Internal Medicme 1988,148
831-832

Topley E Testmg degree of anaemia methods for use m developmg countnes TropIcal Doctor
1986,163-8

Van Kampen, EJ and ZI]lstra, WG DetermmatIOn ofhemoglobm and ItS denvatIves Advances m
ClImcal ChemI5try 1965,8 141-187

van Lerberghe, W Haemoglobm measurement the relIabIlIty of some SImple technIques for use m
pnmary health care settmgs Bulletm of the World Health OrgamzatIOn 1983,61(6) 957-965

Wmtrobe, MW ClImcal Hematology PhIladelphia, Lea and Febiger 1942,192-193

WoodfIeld, DG et al A new portable haemoglobmometer MedIcal Laboratory SCIences 1984,
41 414-416

WoodlIff, J et a1 The AO Spencer haemoglobm-meter The MedIcal Jorunal ofAustralIa July 29,
1967207-208

51


