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Anemia Detection In Health Services

Guidelines For Program Managers

INTRODUCTION

Iron deficIency IS the most common ffilcronutnent deficIency m the worldI and has
far-reachmg and senous adverse affects on health Aneffila detectIOn IS often used as
a screemng test for Iron defIcIency Because the condItIOn IS so wIdespread, aneffila
control activIties should be an mtegral part of health care servIces

These gUldelmes are mtended to help program managers establIsh aneffila detection
servIces or enhance eXIstmg serVIces They mclude a general overvIew of the
programmatIc Issues of aneffila screemng to provIde a context for method chOIce
EXIstmg commonly aVailable anemIa detection methods are presented m a
standardIzed format to help managers make appropnate decIsIons regardmg
technology selectIOn Although some techmcal mformatIOn IS provIded about each of
the methods, thIS IS only to gIve the manager an Idea about the compleXity of tests m
relation to personnel traInmg and eqUIpment mamtenance needs For more detailed
mformatIOn about mdividual technologIes, the reader should consult a standard
laboratory text It IS also beyond the scope of these gUIdelmes to mclude the clImcal
management of aneffila, whIch IS well covered m other publIcatIOns

DEFINITION OF ANEMIA

Aneffila occurs when the total volume of red blood cells (and/or the amount of
hemoglobm m these cells) IS reduced below normal values, as defined by healthy
populations (see charts on pages 2 and 3) Aneffila results from one or more of the
followmg processes defective red cell production, mcreased red cell destructIOn, or
blood loss 2

There are often multIple causes for aneffila People suffer from both nutrItional
aneffila (Impaired red-cell production) and from paraSItic dIseases such as malana
(red blood cell destructIOn) and mtestmal worms (blood loss) 3 Although Iron
defiCIency IS the most common cause of anemia, espeCIally among younger chIldren
and women of cmld-beanng age, other nutnent defiCIencIes, such as folate and
vltamm B 12, can also contnbute to aneffila 4

IRON DEFICIENCY

Iron IS necessary for the syntheSIS of hemoglobm, WhICh carnes oxygen to the body's
cells and transports carbon dIOXIde from the tissues to the lungs Aneffila IS a late
SIgn of defICIent Iron stores 5 Nearly tWIce as many people have defiCIent Iron stores
as have overt anemia 6 Iron-defiCIency aneffila results m ImpaIred cogmtIVe and
motor development m chIldren and decreased work capaCIty m adults 7 The effects



partIcularly severe m mfancy and early cluldhood and probably cannot be reversed by
subsequent therapy In pregnancy, lfon-defICIency anemIa can lead to pennatalloss,
prematunty, and low bIrthweIght 8 Iron-defIcIency anemIa also adversely affects the

<}
body's Immune response

WHO IS AFFECTED?

• Nearly one fourth of the world's populatIOn IS currently anemIc 10

• All ages and both sexes are affected, but the prevalence of aneffila varIes by
group

• Vulnerable groups mclude women of reproductIve age (because of
menstruatIon), pregnant and breastfeedmg women, and chIldren from 6 months
to 2 years of age (because of weamng from breastfeedmg)

• Half the pregnant women m the world are aneffilC (m developmg countnes
between 55% to 60% of pregnant women are affected vs 18% m developed
countnes) 11

• The prevalence of aneffila IS the most severe m Southeast ASIa where 75% of
pregnant woman are affected 12

• Aneffila IS the sole or major contnbutory cause m 20% to 40% of the half
ffillhon maternal deaths yearly 13

• ApproxImately 43% of young chIldren are presently anemIC 14

Aneffila IS most commonly detected by measunng hemoglobm (the Iron-carrymg part
of red blood cells) or by deterffilnmg the hematocrrt (the volume of red blood cells m
a speCIfIed amount of blood)

The World Health OrgamzatIOn (WHO) proposes the followmg cut-off
hemoglobm values for anemIa 15

ChIldren under 5 years of age Hb less than «) 110 grams per hter (gIL)

Non-pregnant women Hb < 120 gIL

Pregnant women Hb< 110 gIL

Men Hb < 130 gIL

Severe anemIa has been defmed as < 70 gIL and very severe anemIa as < 40 giL

2



WHO lIsts the followmg ranges for normal
hematocnt (Hct) values

ChIldren under 5 years of age Rct 38-44%

Women Hct 37-43%

Men Rct 40-50%

Cut-off levels for hemoglobm and hematocnt must be shIfted upwards for people
lIvmg at hIgher altltudes and for those who smoke

CURRENT PROGRAM APPROACHES TO ANEMIA DETECTION

Because anemIa IS so prevalent and because It has such wlde-rangmg affects on
health, screenmg for thIS condItIon should be one of the most common pnmary health
care actlvItles

Two basIc approaches to anemIa assessment eXIst

• mdIvIdual screenmg

IndIVIdual screemng IS usually done m a clImc settlng as part of routme
servIces to groups at nsk These serVIces usually mclude antenatal care and
well-chIld programs, such as growth momtonng

Some screenmg of pregnant women occurs outsIde of clImc settmgs, where
serVIces are often delIvered by commumty health workers such as tradItlonal
buth attendants

• populatIOn-based screenmg

ThIS type of screenmg usually takes place at a regIOnal or a natIOnal level
Baselme and follow-up surveys are usually done m the commumty

In both cases, two types of assessment actlvItles are undertaken

• makmg a dIagnosIs (establIshmg a baselme)

• momtormg the effects of mterventIOns

Current program approaches are based on Judgments about WhICh groups are
vulnerable and on posslblhttes for measunng these groups

The chOIce of dIagnostlc methods for anemIa depends on the purpose of the
assessment and the resources avaIlable These chOIces vary by country and even by
settmgs wIthm countnes In resource-lImIted settmgs, the most commonly used
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measures of anerma are levels of hemoglobm and hematocnt BIOchermcal tests (such
as serum ferntm and transfernn) that measure Iron stores are not practIcal m these
settmgs because of the complexIty of the eqmpment needed

The chOlce of methods also depends on the degree of anerma typIcally encountered
If a test only detects severe anerma and the level of anerma encountered IS low to
moderate, the number of those correctly IdentIfIed as havmg anemIa may be lower
than If a test wIth broader detectIon abIlIty IS used Hemoglobm values are more
accurately measured when they fall m certam ranges for some anerma detectIOn tests
(see charts of mdividual technologIes on pages 11 and 12) IndIvIdual case
management reqmres anerma detectIOn devIces that are able to dIscnmmate
dIfferences of 109/L hemoglobm, so that momtonng of mterventIOns can be assessed
as recommended by WHO Safe Motherhood management gmdelmes

MAKING DECISIONS ABOUT ASSESSMENT ACTIVITIES

Baselme surveys assess the prevalence of anerma m a country or regIOn Accurate
and relIable anemIa detectIon devIces are needed to generate thIS data Program
managers should request thIS mformatIOn from the natIOnal levels of health care, If It
IS avaIlable Once prevalence levels of anemIa are known, declSlons can be made
about the type, frequency, and locatIOns of anerma screemng actIvItIes

Routme screenmg may not be appropnate m areas wIth eIther hIgh prevalence (greater
than [>]20%) or low prevalence «5%) of Iron-defIcIency anerma 16 Instead, general
Iron supplementatIon of at-nsk groups may be conSIdered for the hIgh-prevalence
areas 17

Before makmg decIsIons about mterventIOns, It IS Important to dIstmgmsh Iron
defIcIency anerma from anerma caused by addItIonal factors (see page 1) One SImple
way to IdentIfy Iron defIcIency IS to look at the dIstrIbutIon curves for anerma m a
populatIOn by age and sex ThIS mformatIOn may be avaIlable from natIOnal level
surveys When nutrItIonal Iron IS the major factor, women and chIldren WIll be
dIsproportIOnately affected and men not usually affected When multIple factors are
responSIble, all ages and both sexes WIll be equally affected 18 AlternatIvely, one can
treat the suspected condItIons WIth and WIthout Iron and momtor changes WIth a
smtable diagnostIc test 19

ASSESSMENT STRATEGIES BY LEVELS OF RESOURCE

Program managers must conSIder resources aVailable, patterns of anerma m the
populatIon, and eXIstmg health care serVIces Needs wIll vary dependmg on the
profIle of the populatIOn served and on the purpose of anerma assessment In one
settmg, It may be Important to proVIde preCIse estImates of the degree and type of
anerma, and, mother settmgs, general screenmg may be adequate Considenng that
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resources wIll almost always be less than optlmal, managers should be careful to
match the assessment methods to the SItuatIOn Thus, appropnate aneffila detectIOn
deVIces wIll not necessarIly be the most senSItIve, complex, or expenSIve

Resource-LImIted Settmgs

These are settmgs m whIch laboratory faCIlItIes are ffilmmal, expendable goods are m
short supply, and health care proVIders have only baSIC ffilmmum trammg ThIs
SItuatIon can apply equally to country SItuatIOns or to areas withm countnes Some
countrIes WIll have adequate resources at the central level but have fewer resources m
rural and/or remote areas

Generally, resource-lIffilted settmgs are charactenzed by hIgh levels of aneffila from
multIple causes At the commumty level, general screenmg IS typIcally done usmg
clImcal SIgns or by use of the filter paper method At the climc level, Iron-folate
supplements are often gIven as a preventIve to groups at fIsk of anemIa

In these settmgs, the low cost and ease of operatIon of a screenmg method are
overndmg features InexpenSIve anemia detectIon methods that can WIthstand fIeld
condItIons, such as the copper sulfate method, should be used for further screemng
or to IdentIfy mdividuais at nsk Many of these methods gIve ranges for hemoglobm
levels rather than speCIfIC numencal measurements Most are not dependent on
electncity Hematocnts and preCIse hemoglobm determmatIOns are not usually
warranted m these settmgs The Issues that mfluence the types of anemIa detectIOn
methods to use m these settmgs are descnbed

Key Issues for Resource-Llmlted Settmgs

• Cost of eqUIpment and resupply Items

• Proper care and mamtenance of eqUIpment

• DIagnOSIS and treatment of co-eXIstIng paraSItIc mfectIOns

• Skill levels of personnel

• RelIabIlIty of mformatIOn obtamed

Resource-MIxed Settmgs

These are settmgs m WhICh health care proVIders have some speCIalIzed trammg
beyond baSIC pnmary health care and where expendable supplIes are aVailable most of
the tIme Dependable electrICIty mayor may not be avaIlable Often there are
personnel tramed m multIple laboratory procedures In these settmgs, causes of
anemIa mayor may not be mIXed Program managers have more chOIces about types
of deVIces to use At penpheral or remote settmgs clImcal SIgns may still be used
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Most assessments take place m clImc settmgs There may be a mIX of sunple
methods for general screemng and more accurate methods for confIrmatory dIagnoses
EmphaSIS IS stlll focussed more on groups than on mdividuais Iron-folate tablets
may stIll be gIven as a preventIve to hIgh nsk groups BIochemIcal tests for
assessment of Iron stores are not usually done

In thIs settmg, where quantltatIve hemoglobm or hematocnt testmg can be
Implemented, the accuracy and preCISIon of a method, coupled wIth relatlvely low
cost, are the nnportant features The portable hemoglobmometers would fIt well at
thIS level The hematocnt by centnfuge IS valuable as a supplement to the
measurement of hemoglobm for detenmnmg the cause of anemia

Key Issues for Resource-Mlxed Settzngs

• Appropnate chOIce of dIagnOStIc tool for the settmg

• Proper care and mamtenance of eqUIpment

• Appropnate follow-up for mdividuais dIagnosed as aneffilC

Resource-Adequate Settmgs

ThIS settmg usually mcludes only central or reference laboratones, or regIOnal or
mtermedlate levels m larger countnes BIOcheffilcal tests may be used for assessment
of Iron stores Trammg of personnel and mamtenance of eqUIpment IS more
complIcated and expenSIve A relIable supply of electncity IS necessary

Key features mfluencmg selectIOn of tests mclude accuracy, preclSlon, senSItlVIty, and
ease of operatIOn Photometnc methods are appropnate at thIS level

Key Issues for Resource-Adequate Settlngs

• Feedback to sources of referral IS essentIal

• Refresher trammg for laboratory personnel IS crucIal

OTHER RESOURCE CONSIDERATIONS FOR CHOOSING A TEST

When choosmg aneffila detectIOn eqUIpment, all costs for purchase, operatIOn, and
mamtenance must be consIdered ThIS mcludes costs for reagents and for dIsposable
eqUIpment, such as capIllary tubes Expenses can be dIrect, such as capItal costs of
eqUIpment, and mdirect, such as programmatIc support These consideratlons are
siffillar for natIOnal programs and for mdividual clImcs

6



The followmg personnel consIderatIOns affect chOIce of method

• Level of worker able to use test

• Amount of trammg and supervIsIon reqUIred

• SubjectIvIty of results

The followmg eqUIpment consIderatIons affect the chOIce of aneffila detectIOn
methods

• SIffillanty of eqUIpment m other health settmgs

• Costs mcurred by changmg eqUIpment

• ComparabIlIty of results

• Number of umts needed

• ProportIOn of health budget allocated to thIS eqUIpment

• LIfe span of the eqUIpment

• AVaIlabIlIty of replacement parts and/or expendable supphes

• Ease and cost of repaIr

• Strength and durabIhty of eqUIpment

• PortabIhty of testmg eqUIpment

• Ease of calIbratIOn and standardIzatIOn

The followmg settmg consIderatIons affect the chOIce of methods

• AvaIlabIlIty and/or neceSSIty of electrIcIty

• AvaIlabIhty of good, rehable hghtmg

• AvaIlabIhty of runmng water

• Space reqUIrements for the eqUIpment

• DIsposal consIderatIons

The last consIderatIons pertam to the program Into whIch the eqUIpment must fit

• EqUIpment should be the same as, or complementary to, that of the natIOnal
program to ensure standardIzatIon of results

• ChOIce of eqUIpment WIll depend In large part on whether It IS used
pnmarIly for populatIon or for IndIVIdual screenIng

7



• Necessary follow-up should be avaIlable

• The type of method chosen should be appropnate for the settmg (clImc
based or outreach)

USE OF ANEMIA SCREENING RESULTS

Accurate baselme data gIve program managers a baSIS for companson of clImc data
For example, changes m patterns of aneffila can be noted and used to gUIde clImc
mterventIOns or program strategIes NatIonwIde trends can be momtored by regIOn,
gender, age, season, and levels of parasiteffila

DIfferent optIons for recordmg test results mclude master clime records, mdIvIdual
clIme records (mcludmg chIld growth charts), and home-based record cards
Master records should be deSIgned to faCIlItate compIlatIon of data for surveIllance
purposes If referrals are necessary, external laboratory results should be mcorporated
mto eXIstmg climc and clIent records On clIent cards, color-codmg, or other
classIfICatIOn systems, WIll help health care provIders explam results to clIents

QUALITY ASSURANCE MEASURES

Personnel

Health care personnel should be tramed usmg standard gUIdelmes Refresher trammg
at regular mtervals IS Important for mamtammg skIlls

Trammg Issues mclude

• collectIon of blood samples

• performance of laboratory test procedures

• recogmtIOn of abnormal results and follow-up actIon

• operatIOn, mamtenance, and reparr of mstruments

• use of calIbratIOn standards, controls, and preparatIon of standard curves

• preparatIon and storage of reagents

• mamtenance of an mventory of supplIes

• proper dISPOSal of sharp objects and medIcal waste

It IS helpful to develop standardIzed procedures for each aneffila detectIOn method that
can be referenced from manuals ThIs mformatIon should be readIly aVailable to
clImc personnel

8



Anenua detectIOn tests should be done wIth care and questIOnable results repeated
PerIOdIC evaluatIOns of test performance by clImc personnel wIll help ensure
consIstency ThIS can be done by usmg the reference manual as a gUIde and by
companng results wIth an accurate standard method

EqUipment

Routme mamtenance of eqUIpment used m anenua detectIOn IS crucial If one IS to
obtam accurate and consIstent results Cleanmg eqUIpment after use IS essentIal to
proper mamtenance PIpettes and cuvettes must be carefully cleaned of drIed blood
If mstruments reqUIre calIbratIOn, thIS must be done on a regular basIs usmg standard
callbratmg devIces Records should be kept of mamtenance actIVItIes

System

To optImIze the performance of the anemIa detectIOn system, It IS Important to
establIsh qualIty assessment procedures ThIs can be done on a country or regIOnal
basIs by checkmg performance at sentmel surveIllance sItes Even If less accurate
anenua detectIOn devIces are used to screen populatIOns, results are stIll meanmgful
for programmatIc purposes Trends can be noted, and mdIvIdual errors are less
Important m a larger system

To assess the performance of a system that uses SImple anemIa detectIOn devIces, a
portable mstrument capable of provIdmg preCIse and accurate measurements, such as
any photo-electrIc hemoglobmometer, can be used A regIOnal or dIStrICt hospItal can
proVIde blood samples of known values as a pomt of reference IndIvIdual clImc
results can be tested agamst thIS reference method to IdentIfy the dIrectIOn of error
Managers must take correctIve actIOn when results do not meet acceptable standards

9
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MAJOR METHODS FOR ASSESSING ANEMIA

Major methods can be dIvIded mto qualItative and quantitative methods Quantitative methods are more accurate and precIse Among

the quantItatIve methods, technologIes that reqUIre dIlution of blood are more complex and, therefore, more subject to error

ChelDlcal CompleXIty Accuracy Time to Relative
General ReqUIres Reaction or Level of of & Obtam Result ImtIal Cost of Cost Per

Methods Cate20ry Electnclty ChelDlcals Skill Operation Preclslon* (1 estimation) Instrument Test
Yes No Yes No

Chmcal Exam for
AnemIa QualItatIve ./ ./ Low Low + 2 Illlnutes None Low

FIlter Paper
Color Companson QualItatIve ./ ./ Low MedIUm + 1 Illlnute None Low

Copper Sulfate QualItatIve ./ ./ MedIUm Low + 1 mmute None Low

Ranges from
HCT/Centnfuge QuantItatIve ./ ./ MedIUm MedIUm +++ 4 mmutes Low to HIgh MedIUm

LovIbond QuantItatIve ./ ./ MedIUm Low ++ 5 mmutes Low Low

Sahh QuantItatIve ./ ./ MedIUm HIgh ++ 8 mmutes MedIUm MedIUm

BMS/Grey Wedge QuantItatIve ./ ./ Low MedIUm ++ 2 mmutes MedIUm MedIUm

HemoCue QuantItatIve ./ ./ MedIUm Low +++ 30 seconds HIgh HIgh

HbCN Photometer QuantItatIve ./ ./ HIgh HIgh +++ 5 - 20 mmutes HIgh MedIUm

HbO Photometer QuantItatIve ./ ./ HIgh MedIUm +++ 5 - 20 mmutes HIgh MedIUm

*+++Hlgh
++ Acceptable
+ Low

..



TECHNOLOGIES FOR ANEMIA DETECTION BY CATEGORY

No Blood Sample ReqUIred

• ClImcal sIgns (VISUal InSpectIOn of physIcal charactenStIcs)

Non-DIlutIonal (No Pre-MIxmg Of Blood WIth ChemIcals)

The followmg methods use NON-LYSED (red blood cells are mtact when used m
test) whole blood

• FIlter paper method

• Copper Sulfate

• Hematocnt/centnfuge

• Lovibond (can also be used wIth dIlutIOn techmque)

The followmg methods use LYSED blood (red blood cells are broken down wIth
a soap-lIke product)

• Grey wedgelBMS Hemoglobmometer

• HemoCue (lYSIS IS automatIc m the method)

DIlutIonal (Blood Is MIxed With ChemIcals)

Accurately measured amounts of whole blood are ffilxed wIth cheffilcals that
produce a new compound Color mtensity of the new compound IS proportIonal
to hemoglobm concentratIon

ThIS color mtensity of the compounds can be measured two ways

Vlsual Color Match

Compound used for tests hydrochlonc aCId =} aCId hematm

• SahlI

• Lovibond

Photoelectnc Color Match

Compounds Drabkm's solutIOn =} cyanmethemoglobm
ammoma =} oxyhemoglobm

• Photometry/colonmetry

• Spectrophotometry

11



TECHNOLOGIES BY CATEGORY

On the followmg pages are descnptIOns of mdlvldual technologies currently aVailable
The basIc rnechamsrn for each technology IS descnbed bnefly, along WIth ItS levels of
use and advantages, ItS hffiltatIOns, sensitIvIty and specIfIcIty, necessary eqUIpment
and supplIes, and ways to lessen problems assocIated WIth ItS use The technologIes
are presented m the order of the categones noted on the chart below

¥ ij

Non-Dllutlonal

_ Copper sulfate '-- HemoCue

ry/

p otometryp

Dllutlonal

Visual Color Photoelectnc
Match Color Match

Photomet
-Sahli - colonmetry

'---- Lovlbond _ S ectro h

Lysed Blood

I--- Grey wedge! BMS
Hemoglobinometer

Non Lysed
Whole Blood

Filter paper
- method

Non-InvaSive

Clinical Signs

,------ HematocntJ
centnfuge

~ Lovlbond (can also
be used With dilution
teChnique)
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NAME ClImcal SIgns

CATEGORY No Blood Sample,
Non-InvasIve

DESCRIPTION

InspectIon of conjunctIvae, nal1beds, gums, and skm
for pallor

LEVELS OF USE/ADVANTAGES

• Used at the vIllage level of health care

• MImmal trammg and eqUIpment reqUIred

LIMITATIONS

• Method IS htghly subjectIve

• ClImcal mspectIon WIll not detect ml1d anernta

• Adequate lIght source IS reqUIred

SENSITIVITY*/SPECIFICITyt

• SenSItIvIty WIth a color conjunctIval chart ranges from 16% to 38% It can be as htgh
as 68% WIth expenenced exarntners

• SensItIVIty WIthout a chart Improves to 64% If hemoglobm IS below 70gIL (severe
anernta)

• SpeCIfICIty ranges from 70% to 100%

EQUIPMENT

• Color conjunCtIval charts may Improve accuracy m some settIngs

LESSENING PROBLEMS OF USE

• Health care provIders may Improve accuracy If actual hemoglobm values are used for
feedback dunng trammg

• The abIlIty of a screenmg test to gIve a pOSItIve result when a condItIon IS present (expressed as a percentage)
t The abIhty of a screemng test to gIve a negatIve result when a condItion IS absent (expressed as a percentage)

13



NAME
Formerly

CATEGORY

FIlter Paper Methods
TalqvIst

Non-DIlutIOnal,
Non-Lysed

DESCRIPTION

l Rec dill
hem gl bm al f
th loSC!ltmatchmg
ool~

2 When blood has I I
1581 compareWltb

thccolorscal

B m glob Seal

I Apply drop f blood
t secll fbsorbant
pape tbattab Jb
nm,

A capIllary blood spot collected dIrectly on fIlter
paper IS compared to a pnnted set of color standards

• Most useful for screemng In rural settIngs

• InexpensIve, sImple, portable, and rapId

• Method IS hIghly subjective

• Inappropnate as a stand-alone test

• LightIng condItions Influence test result

• SIze and thIckness of blood spot, temperature, and humIdIty all affect dryIng time,
whIch, In tum, affects color

LIMITATIONS

LEVELS OF USE/ADVANTAGES

SENSITIVITY/SPECIFICITY

• SenSItivIty and specIfIcIty of 60% at 100gIL

• Accuracy Increases at hemoglobIn levels less than 90gIL

EQUIPMENT

• Standard blottIng/fIlter paper

• Color companson charts

LESSENING PROBLEMS OF USE

• Adequate and conSIstent lIghting condItions are Important for conSIstent color matchIng

• LamInatIOn of color chart wIll proVIde better durabIlIty under fIeld condItions

• New formats are beIng developed that may Improve performance and relIabIlIty
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NAME

CATEGORY

Copper Sulfate

Non-DtlutlOnal,
Non-Lysed

~
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• Useful for screemng programs

• SImple, mexpenslve, and rapId

• Less subjectIve than vIsual color match methods such
as fIlter paper, Lovlbond, and Sahh

• SolutIons can be prepared to measure a range of
hemoglobm levels

• SolutIOns have a long shelf-hfe If tIghtly sealed to
prevent evaporatIon

• A 100ml solutIOn can be used for as many as 50 specImens

• Electnclty not reqUIred

The test IS based on the fall (or flotatIon) of a drop of
whole blood m a copper sulfate solutIon of a known
specIfic gravIty A drop of blood WIll smk or float for the
flfst 10 to 15 seconds, mdlcatmg If the specIfIc gravIty of
the blood IS equal to, greater than, or less than that of the
copper sulfate solutIon

LEVELS OF USE/ADVANTAGES

DESCRIPTION

LIMITATIONS

• Only gIves ranges of hemoglobm levels

• Stock solutIons and dIlutIons must be made wIth precIsIon

• Must properly dIspose of stock solutIons contammg blood

• Error IS mtroduced after 50 tests have been performed and mcreases progressIvely
wIth contmued use

SENSITIVITY/SPECIFICITY

• SenSItIVIty of 87 5% and specIficIty of 99%

• Test more senSIuve at hemoglobmlevels <90g/L

• InterpretatIOn IS eaSIer at low hemoglobm levels, as the drop of blood WIll remam
suspended m solutIon for a longer tIme
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EQUIPMENT

• Reagent-grade cupnc sulfate

• Glass contamers for storage and dllutlOns

• Hydrometer to measure specIfic graVIties

• Analytic balance/graduated cylmders/stIr plate

LESSENING PROBLEMS OF USE

• Can use eIther blood collected from a fmger, heel, or earlobe stick m a capl1lary tube
or from a vempuncture sample put mto an EDTA blood collectlOn tube

• Blood sample must be large enough to form a free-fallmg drop from the optimum
dIstance of 1 cm above the solutlOn

• Blood sample should be dropped from a capIllary pIpette, a synnge, or a dropper, not
dIrectly from a fmger

• SolutIon should be carefully observed for fIrst few seconds after releasmg drop for
accurate mterpretatlOn

• SpeCIfIc graVIty of the solutIons can be readjusted by addmg 0 2ml or 0 4ml more of
the standard solutlOn

• A pIece of paper can be taped at the bottom of the tube and used to tally the number
of drops put mto the solutlOn

• A smaller drop SIze perffilts more tests per solution
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NAME Hematocnt, Centnfuge

CATEGORY Non-DIlutIOnal,
Non-Lysed

DESCRIPTION

Whole blood IS collected m a mIcrohematocnt tube and
centnfuged at suffIcIent speed (7,000-9,000 revolutIons per
mInute) and for suffIcIent tIme to pack red blood cells mto a
mass measured on a reader as a percentage of total blood
volume

LEVELS OF USE/ADVANTAGES

• Useful at a health center level

• SImple procedure

• Several speCImens can be measured at one tIme

LIMITATIONS

• ElectncIty- or battery-dependent (hIgh consumptIon)

• Power supply must be conSIstent to get a true mdicatIOn of packed cell volume

• SometImes dIfficult to dIfferentIate between mdividual speCImens once they have
been placed m the centnfuge

• Heatmg of the centnfuge may cause some lYSIS

• LYSIS of the blood sample wIll cause error m readmg

SENSITIVITY/SPECIFICITY

• SenSItIvIty >90%

• Accuracy depends on conSIstent centnfugal speed

EQUIPMENT

• Centnfuge wIth power supply

• Plam capIllary tubes, or tubes Impregnated WIth hepann (an antI-coagulant), and clay
sealant

• Reference chart to calculate hematocnt value

• Most microhematocnt centnfuges use standard SIze capIllary tubes (70mm to 75mm
m length and Imm dIameter)
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• Hepanmzed tubes are used for capIllary blood samples obtamed from fmger, heel, or
earlobe stIcks

LESSENING PROBLEMS OF USE

• Important to measure hematocnt wIthm 6 to 8 hours after blood specImen taken

• RevolutIOns-per-mmute of centrIfuge should be checked weekly wIth a tachometer or
wIth a strobe lIght

• AlternatIve method for checkIng the speed IS to run the centrIfuge at a range of speeds
and tImes to ensure maXImum cell packmg and to check results agamst the
cyanmethemoglobIn method

• Attach capIllary tube to patIent IdentIficatIOn paper untIl test IS performed

• Plam capIllary tubes should be used to determme the hematocnt when blood has been
collected by vempuncture and put Into tubes contammg EDTA antIcoagulant
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NAME Lovibond Comparator

CATEGORY Non-DIlutIOnal Non-Lysedl
Dilutional Non-Lysed

DESCRIPTION

EIther a whole blood sample or a blood
sample dIluted m ammoma or Drabkm's
solutIOn IS put mto a tube and compared to a
senes of colored glass standards (dISCS), usmg
a vIsual comparator The depth of the red
color of each glass standard corresponds to a
certam hemoglobm level

LEVELS OF USE/ADVANTAGES

• The undIluted method IS useful for routme
screenmg

• Does not reqUIre electncity

• SImple and rapId method

• Can measure a range of hemoglobm levels

• Can be used wIth whole blood

• Durable devIce

• Comparator can also be used to measure blood glucose and urea wIth appropnate
dISCS

LIMITATIONS

• ReqUIres subjective color matchmg

• ImtIal cost of hemoglobm dISCS IS hIgh

• ReqUIres precIse dIlutIOns and calIbrated pIpettes for the dIlutIOnal method

• RequIres large drop of blood (50 ~l)

• ReqUIres resupply of ammoma for the dIlutional method

• Needs to be read m dIrect sunlIght

SENSITIVITY/SPECIFICITY

• The non-dilutlOnal method yIelds senSItivIty and speCIfICIty values m the 90% range

• Accuracy IS rugh compared WIth the reference method
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EQUIPMENT

• The Lovlbond dIsc (colored glass hemoglobm standards)

• The Lovlbond comparator

• Two Lovibond cells (tubes to hold the blood samples)

• CalIbrated pIpettes (50 Ill) for the dIlutIOn method

LESSENING PROBLEMS FOR USE

• Take several readmgs on each speCImen and average the results

• Use the non-dl1utIOnal method where possIble
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NAME
Formerly

CATEGORY

BMS Hemoglobmometer
MRC Grey Wedge, A 0 Spencer

Non-DIlutIOnal, Lysed

DESCRIPTION

A glass chamber is fIlled With blood that has been lysed
With sapomn, then placed m a viewmg mstrument A grey
wedge m the Viewer is moved until the two color fields
match, and the results are read from a scale on the Side

LEVELS OF USE/ADVANTAGES

• Useful as a screenmg deVice m climcs

• Accurate, portable, and mexpensive

• A permanent glass standard is proVided

• Less subjective than filter paper or Sahli methods

LIMITATIONS

• Color matchmg is subjective

• Glass chamber must be cleaned between uses

• Blood specimen can disperse over chamber leadmg to difficulty m mterpretation

• Glass cuvette (blood collection receptacle) is very small

• Can only process one speCimen at a time

• Each readmg takes approximately 2 mmutes, and it takes an additIOnal 5 mmutes between
uses to clean and thoroughly dry the cuvette

• Blood clots Will result m an mcorrect readmg

SENSITIVITY/SPECIFICITY

• SenSitiVity of 77 5% and speCifiCity of 96%

EQUIPMENT

• BMS Hemoglobmometer

• Size C battenes

• Saponm sticks

• Detergent
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LESSENING PROBLEMS OF USE

• Place small drop of blood from fmger stIck dIrectly mto chamber when cuvette IS partIally
wIthm clIp

• Cuvette IS reusable, but It IS useful to supply at least two

• Cuvette should be thorougWy dry between uses or resIdual water wIll dIlute the sample and
falsely lower the results

• A drop of blood from a fmger stIck can be placed dIrectly onto the cuvette
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NAME HemoCue

CATEGORY Non-DllutlOnal, Lysed

DESCRIPTION

Whole blood IS converted to aZIde methemoglobm m a
dIsposable, cheffilcally treated cuvette and then
mlYasured photometncally at a specIfIed wavelength
(565nm) The hemoglobm value IS dIsplayed dIgItally

LEVELS OF USE/ADVANTAGES

• Useful for surveys or where hIgh accuracy IS
Important

• Method proVIdes accurate, objectIve measurements
comparable to cyanmethemoglobm method

• Blood speCImen needs no processmg

• Instrument IS portable

• Results are aVaIlable m less than 45 seconds (entIre procedure)

• Results are read dIrectly WIthout calculatIOn

• A permanent stable glass standard IS aVaIlable

• Method can use eIther rechargeable nIckel cadffilum battenes or electncity

• LIttle user traInIng reqUIred

• No reusable components to be cleaned between uses

• DeVIce lasts 5 to 7 years before components need replacmg

LIMITATIONS

• Cost of the Instrument IS very hIgh

• Uses only expenSive, dIsposable cuvettes

• Creates solId waste

• HIgh hUffildity can adversely affect performance

SENSITIVITY/SPECIFICITY

• SenSItIVIty of 85% In fIeld condItIons, approaches 100% m controlled laboratory
settmgs

• SpecIfICIty of 94%

• SenSItIVIty and specIfICIty obtaIned from a range of hemoglobm values from 60gIL to
160g/L
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EQUIPMENT

• HemoCue Instrument

• NIckel cadmIUm battenes

• Standard control cuvette

• DIsposable cuvettes

LESSENING PROBLEMS OF USE

• Careful cleanmg and mamtenance IS CruCIal

• An mltIal calIbratIOn should be done on a large number of blood samples to see If the
machme has any bUllt-m bIas

• Cuvettes fIll duectly from a fmger stIck

• NIckel cadnuum battenes wIll work better If allowed to run down completely before
rechargmg
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NAME

CATEGORY

SahlI

DIlutIOnal,
VISUal Color Match

DESCRIPTION

Whole blood IS pipetted mto dIlute
hydrochlonc aCId (0 lmol), hemolyzed and
converted to aCId hematm The solutIOn IS
further dIluted untIl the color matches that of
two Identical standards placed to the left and
nght of the dIlutIOn tube The hemoglobm
concentration IS read from the graduated scale
on the dIlution tube as gldl or as a percent of
normal

LEVELS OF USE/ADVANTAGES

• Method IS sUItable for clImc use

• Cost IS low for procurement and re-supply

• Test IS relatIvely easy to perform

• Electncity not reqUIred

LIMITATIONS
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• Results are subjective

• Results are less accurate If readmgs are taken m fadmg daylIght or m artIfICIal
lIghtmg

• Standard IS not a true color match for the dIluted blood

• Graduated tubes must be cleaned between uses

• PIpettes are ImpossIble to clean once plugged WIth blood

• Mouth pipettmg should be dIscouraged

• Glass pIpettes are eaSIly broken

• Plpettmg must be done carefully to aVOId errors m measurement

• Brown glass standards can fade WIth time

• Easy to overshoot endpomt when addmg dIluent

• MU'it properly dIspose of aCId hematm solutIOn

• Not SUItable for photometry
• A smgle measurement WIth the SahlI takes approxImately 3 to 5 mmutes, another 5 to

10 nunutes IS necessary for cleamng and drymg the measunng tube between uses
Tlnung IS cruCIal because It requITes 3 to 5 mmutes for the reagent to reach ItS peak
Readmgs must be taken Immediately because levels fall qUIckly
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SENSITIVITY/SPECIFICITY

• SenSItIVIty IS 85% to 90% and specIfICIty IS 85% to 100%

• Accuracy IS better at hemoglobm levels <100glL

• Accuracy may Improve WIth operator practIce

• PreCIse samplmg and dIlutIOn preparatIOn are Important for accurate results

EQUIPMENT

• Sahlt hemoglobmometer WIth brown standards

• SaWI pIpette (or 20111 ffilcrocapillary tube)

• Measunng tube

• Sturmg rod

• Droppmg pIpette

• °ImollL (0 IN) hydrochlonc aCId

• Small brush

LESSENING PROBLEMS OF USE

• WIpe blood from extenor of Sahb pIpette to accurately debver the 20111 of blood

• Allow suffICIent tIme (3 to 5 mmutes) for full reactIon before takmg measurement

• Clean pIpette nnmedlately after use and nnse WIth cold water to prevent bUIld-up of
protem and pluggmg of pIpette

• Rmsmg WIth hot water and/or alcohol WIll "fIX" the blood and result m a plugged
pIpette

• AdVIsable to have extra dIsposable 20f.ll capIllary tubes aVailable

• Some brands of SahlI eqUIpment use glass standards claimed to be non-fadmg

• VIsual matchmg should be done by takmg a readmg when facmg a wmdow, WIth the
daybght behmd the scale, as recommended by WHO Manual of BaSIC Laboratory
Techmques
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NAME I Photometry Colonmetry
2 Spectrophotometry

CATEGORY DllutIOnal Photoelectnc
Color Match

DESCRIPTION

To accurately measure hemoglobm, photoelectnc
deVIces are used to assess the amount of lIght
absorbed by a blood sample When a colored
solutIOn IS Illummated WIth vlSlble lIght, certam
wavelengths of lIght WIll be absorbed whIle others
wIll be transrrutted By measunng the amount of
lIght absorbed, one can measure the concentratIOn
of a substance m the colored solutIOn

The hemoglobm level IS denved by companng
absorbance of the sample to known standards
Cyanmethemoglobm and oxyhemoglobm are the
two compounds most commonly used for
spectrophotometnc and photometnc/colonmetnc
measurements Two types of mstruments can be
used to measure absorbance fIlter
photometers/colonmeters and spectrophotometers

LEVELS OF USE/ADVANTAGES

• Techmque IS SUItable mostly for central reference laboratones

• Method IS hIghly accurate, results are objectively quantifIed

• The cyanmethemoglobm method IS the mternatIonal standard for hemoglobm
determmatIon, as stable reference solutIOns are aVaIlable for calIbratIOn

LIMITATIONS

• Techmque reqUIres extremely accurate measurements

• SophIsticated eqUIpment IS necessary

• RelIable, stable supply of electrICIty reqUIred

• ReqUIres handlmg and dlsposmg of tOXIC reagents, such as cyamde

• ReqUIres developmg a calIbration curve

• Processmg time when blood must SIt m Drabkm's solutIOn can be as long as 10
rrunutes pnor to takmg a readmg
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• Cloudmess of the sample (caused by hyperhpIderrua or hyperprotemerrua) wIll alter
the result

• Oxyhemoglobm method does not have a permanent standard and reqUIres preparatlon
of a standard usmg a locally obtamed fresh blood sample

SENSITIVITY/SPECIFICITY

• SenSItIvIty approaches 100%

• SpecIfIcIty IS greater than 90%

EQUIPMENT

• FIlter photometer, colonmeter, or spectrophotometer (range from SImple to
sophlstlcated)

• Drabkm's reagent

• CalIbrated pIpette (to 20J.l,l)

• Amber bottles

LESSENING PROBLEMS OF USE

• Inspect speCImens for cloudmess pnor to takmg measurement

• Allow suffiCIent tlme for reactlon to go to completIOn before takIng measurement

• Cloudmess can be mInImIzed by the addltlon of surfactant (detergent-lIke addltlve) to
the solutIOn
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COLLECTION, HANDLING, AND DISPOSAL

OF BLOOD SAMPLES

The amount of blood needed to measure the hemoglobm or hematocnt levels depends
on the method used CapIllary blood samples (obtamed by fmger, heel or earlobe
stIck) are adequate for most anemIa detectIon methods CapIllary blood IS 1% to 3%
lower m red cell volume than venous blood When anemIa IS severe, results derIved
from capIllary blood are less accurate than venous blood If blood IS collected by
vempuncture for other tests and placed m a tube contammg an antIcoagulant, thIS
sample also can be used for anemIa detectIon

When takIng blood samples from chIldren, espeCIally those who are malnounshed,
health care workers may want to obtam the speCImen from the earlobe ThIS area IS
not as senSItIve as the finger tIp Both the lancet and the blood are not VISIble to the
chIld If the worker stands behmd whIle takmg the speCImen PrIckmg the earlobe
after rubbmg It allows graVIty to produce a good SIze drop

If speCImens are taken from patIents who have been waItmg m the hot sun for several
hours, they are lIkely to show hIgher hemoglobm levels due to dehydratIon

Proper trammg m collectIOn of blood samples (capIllary or venous) IS cruCIal For
mstance, excess squeezmg of the finger tIp IS sometImes done to get an adequate drop
of blood ThIS practIce mtroduces extra plasma and falsely lowers the hemoglobm
readmg

SupplIes

SupplIes needed to collect capIllary samples from fmger, heel or earlobe stIcks
mclude

• alcohol and gauze (to clean the skm)

• lancets (to make the mClSlon)

• capIllary tubes to collect the blood sample

The supplIes needed to collect vempuncture samples are

• alcohol and gauze (to clean the puncture SIte)

• needle and synnge

• blood collectIOn tubes contammg EDTA antIcoagulant

• plam capIllary tube (used to collect a sample of blood from the EDTA tube)

NatIOnal gUIdelmes for the safe handlmg of blood products should be used Health
care workers must be tramed m the safe collectIOn, handlmg, and dISPOSal of blood
products and Items WIth blood on them Where aVaIlable, gloves should be worn
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when performmg a vempuncture or fmger, heel and earlobe stIcks All blood
samples should be consIdered potentIally mfectlous and handled wIth care Mouth
pIpettmg of blood samples or chemIcals should be aVOIded Proper hygIene such as
frequently washmg hands wIth soap and water wIll reduce the nsk of exposure to
mfectlous matenals

Waste dIsposal IS an Important conSIderatIOn when choosmg aneITlla detectIOn
devIces Proper dISpOSal of sharp Items protects the health care worker from
pOSSIble mfectIon acqmred from an accIdental cut or needle stIck wIth used sharp
blood collectIOn matenals Sharp Items, such as needles and lancets, must be
collected m a puncture-proof contamer (plastIc, glass, or metal) and then burned
Glass blood collectIon tubes, synnges, and used gauze should be placed m a
separate cardboard contamer and burned
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GLOSSARY OF TERMS

Accuracy The extent to WhICh the measured value agrees wIth the true value

ACId hematIn The compound that results when hemoglobm IS added to hydrochlonc
aCId Used m the Sahh method

ColorImetry A procedure to measure specIfIc wavelengths of hght through a
solutIOn by means of a colored fIlter Also called fIlter photometry

CyanmethemoglobIn The compound that results when Drabkm's solutIOn IS added to
hemoglobm When measured photometncally at 560nm, the method IS
consIdered the "gold standard" for anenua detecuon

EDTA Ethylenedlamme tetra acetIc aCId Compound present m blood
collectIOn tubes and serves as an anu-coagulant

Drabkm's soluuon See above It consIsts of potaSSIUm ferncyanlde, potaSSIUm cyanIde
and a surfactant

Hemoglobm The pIgment that gIves color to red blood cells conslstmg of heme and a
protem Hemoglobm carnes oxygen from the lungs to the ussues and
carbon dIOXIde from ussues to lungs

Oxymethemoglobm The oxygenated form of hemoglobm used m several methods of anemIa
detecuon, mcludmg the BMS Hemoglobmometer, the Lovlbond
Comparator, and photometnc methods

PreclSlon The ablhty of an mstrument to reproduce a measured value

Sapomn A compound that dIssolves the red blood cell wall and releases
hemoglobm

Sensluvlty The number of true posluves correctly Idenufled among all samples
tested Expressed as a percentage

SpeCIfiCIty The number of true negauves correctly Idenufled among all samples
tested Expressed as a percentage

SpeCIfIC gravIty A measure of the densIty of a matenal III grams per nulhlIter, compared
to the densIty of water ThIS pnnclple IS used m the copper sulfate
method

Spectrophotometry A procedure that uses a contmuous spectrum of lIght wavelengths to
measure the concentratIOn of a substance m a solutIon
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Literature Review of Anemia Detection Devices
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Method SensItIVIty SpecIficIty Sample SIze LImItatIons of Each Study Comments

ClImcal signs only 520 389 219 Healthy subjects Interobserver vanabllIty hIgh for three field workers who Field workers Improved m Idenl::lfymg health subjects as the

performed assessments study progressed

Cutoff for claSSification of anenua was 99g/L Low prevalence of anenua

Does not state ages nor gender of subjects Percepl::lon of color vanes m mchvlduals I

Inspecl::lon of conjunctiva a1one--dld not mclude other signs
Bmary designation of pmk or red was used

930 600 64 male agncultural SensItivity and specificity given for one observer Overall Interobserver vanabIlIty was less than mtraobserver
workers scores not gIVen vanabllIty

Hematocnt values used as reference method were found PrevIOus clInIcal expenence dId not Improve accuracy

unrelIable when compared With cyanmethemoglobm values TraInIng usmg actual hemoglobm values may Improve the

Inter and mtraobserver vanabllIty statements are made on accuracy of the technique 2

the baSIS of five subjects rather than total number of subjects
m studv

380 900 180 mpatlents Interobserver vanabIllty IS high Not useful for moderate anenua
(mean age = 69) Observers vary m cutoff cntena Increase sensItiVity at Hb <JOg/L 3

Hospital setting may not translate to field use

ClInIcal SignS With N/A N/A 568 chIldren Overall sensitiVity and speCifiCity not given although VIllage workers can be tramed to detect severe anemia (Hb
Anemia 207 adults sensItivity and speCifiCity are 100% for severely anenuc (Hb <90g/L) With the use of the Anemia RecogrutIon Card 4

RecognItIOn Card ill pregnant women <60glL)
926 Total Half of patients With Hb of 90 110g/L were correctly

Identified
Interobserver vanabilIty not descnbed

670 410 211 pregnant women 96% of women had Hb below 11Og/L The Anenua RecognitIOn Card was not useful In

Cutoff of 80g/L for classlfymg anenua may be too low dlstmgUlshmg moderate from severe anerma In thiS study 5

630 720 200 randomly ConjunctiVitis and other eye diseases may confound result SenSitIVIty Improves With Hb <1lOg/L

selected outpatients Only three subjects had Hb below 80g/L TrainIng Improves performance

200 randomly Interobserver vanabllIty IS numnuzed With chan 6

selected employees

FIlter paper method 700 650 100 deternunatlons Study conducted m laboratory may not translate to field Values Improve In high anenua prevalence 7

conditions

605 59 I 100 deternunatlOns Sensitivity and speCificity values are gIven only for Hb at The paper filter method was not suffiCIently relIable when
100gIL for field assessment used m the field
Whole blood was dIluted With salme to prOVide a range of A range of hemoglobm values would be more meaningful to
Hb values for laboratory assessment assess abilIty to Identify low values

Difficulty m color matchmg 8
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Method SensItIVIty SpecIficIty Sample SIze LImItatIons of Each Study Comments

Copper Sulfate 875 989 100 detenmnatIons SensItIvIty and specIficIty values are gIven only for Hb at SpecIfiCIty Improves WIth Hb <100gIL
100gIL Health workers perceIve thIS method as less sCIentIfic

Less certamty m how to treat based on results obtamed WIth
thIS method 8

758 N/A 218 detenmnatIOns Use of blood collected m EDTA may not be appropnate for The copper sulfate method had good agreement WIth the
the copper sulfate method reference method provmg It to be an appropnate method for

screenmg
Accuracy Improved at hIgher hemoglobm levels m thIS
studv 9

Spencer 775 959 100 detenmnatIOns SenSItIvIty and specIficIty values are gIven only for Hb at The Spencer was welllll..ed easy to use and the preferred
Hemoglobmometer 100gIL mstrument when compared WIth TallqVIst copper sulfate
(BMS) and Lovlbond 8

900 937 120 measurements Number of operators and amount of trammg IS not descnbed HIgh anemia prevalence data IS gIven
When mstrument IS used to test a low prevalence populatIOn
SensltIvltV=98 9/SoeCIficltv=99 9 10

N/A N/A 100 detenmnatIOns Study assesses mterobserver vanabilIty m estimatIng Hb BMS performed accurately across a broad range of
level--not of actual sample preparation hemoglobm values II

Hematocnt (peV) 970 982 120 measurements Number of operators and amount of trammg IS not descnbed HIgh anemIa prevalence data IS gIven
automated When mstrument IS used to test a low prevalence populatIOn

SenSltIvltV=99 9/SpeCIficltv=99 9 10

Hematocnt (PCV) 90 I 937 120 measurements ReqUIres SImple calculations to detenmne hematocnt HIgh anemIa prevalence data IS gIven
manual Cannot be sure of adequate rotational speed or time When mstrument IS used to test a low prevalence population

SensltIvltV=98 9/SpeCIficltv=99 9 10

Lovlbond 874 919 100 detenmnatIOns Study performed under laboratory condltlons HIgh anemIa prevalence data IS gIven
(undIluted When mstrument IS used to test a low prevalence populatIOn
techmque) SensltIVlty=98 lISpecificlty=99 9

Easy and qUIck method
Very low mterobserver vanabIlItv 7

Lovlbond (dIluted 100 58 48 determmatIons SenSItIvIty and speCIfiCIty values Improve WIth low Hb SpecIfiCIty was unacceptably low
techmque) ranges <100gIL Matchmg colors was dIfficult

Error IS mtroduced m making: dIlutIOns 8

SahlI Techmque 850 850 100 detenmnatIons Study performed under laboratory condItions Cumbersome to use
Use of manual pIpettes may mtroduce error when making
dIlutIons 7

HemoCue 850 940 102 detenmnatIOns Method of blood collectIOn mfluences results Operator trammg dId not mfluence result---no dIfference m
Hemoglobmometer first half of study compared to second half 12

885 776 103 samples Blood samples were collected m EDTA tubes cuvettes were Accuracy was decreased conSIderably m actual usage as
not filled dIrectly from the finger stick method compared to laboratory evaluatIOns Important to evaluate

eqUIpment mtended for pnmarv care bv pnmarv care staff 13

750 863 59 volunteers Cutoff levels to determme senSItiVIty and speCIfiCIty were StandardIzation for blood donors may be achIeved by
adjusted accordmg to sample SIte e g finger stIck versus speclfymg both reqUIred hemoglobm levels and rmmmum
earlobe performance for screemng methods I'

Study does not descnbe who performed testmg or amount of
trammjl;
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