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Abstrac t t 
Objective ss  To explore which pallor signs and symptoms of severe anaemia could be recognized 

byy primary caregivers following minimal instructions. 

Method ss  Data from three community-based cross-sectional surveys were used. Test 

characteristicss to predict haemoglobin (Hb) concentrations < 5 and < 7 g/dl were compared 

forr different combinations of pallor signs (eyelid, tongue, palmar and nailbed) and symptoms. 

Result ss  Pallor signs and haemoglobin levels were available for 3782 children under 5 years of 

agee from 2609 households. Comparisons of the sensitivity and specificity at a range of 

haemoglobinn cut-offs showed that Hb < 5 g/dl was associated with the greatest combined 

sensitivityy and specificity for pallor at any anatomical site (sensitivity = 75.6%, specificity = 

63.0%,, Youden index = 38.6). Higher or lower haemoglobin cut-offs resulted in more children 

beingg misclassified. Similar results were obtained for all individual pallor sites. Combining a 

historyy of soil eating with pallor at any site improved the sensitivity (87.8%) to detect Hb < 5 

g/dll with a smaller reduction in specificity (53.3%; Youden index 41.1). Other combinations 

includingg respiratory signs or poor feeding resulted in lower accuracy. 

Conclusio nn  Primary caregivers can recognize severe anaemia (Hb < 5 g/dl) in their children, 

butt only with moderate accuracy. Soil eating should be considered as an additional indicator 

off severe anaemia. The effect of training caretakers to improve recognition of severe anaemia 

andd care-seeking behaviour at the household level should be assessed in prospective community-

basedd studies. 
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Introductio n n 
Childhoodd anaemia is a common public health problem, affecting one half to three quarters of 

preschooll children and accounting for more than half of hospital paediatric mortality in some areas 

withh intense malaria transmission in Africa south of the Sahara (Lackritz et al. 1992; Schellenberg et 

al.. 1999). The World Health Organization (WHO) is implementing new strategies for the integrated 

managementt of the sick child in the primary care setting, which includes algorithms based on 

clinicall signs detected by trained professional health care workers (WHO 1995). As part of this 

algorithm,, palmar pallor is used to evaluate the presence of severe anaemia in the absence of 

routinee haemoglobin (Hb) measurement (Kalter et al. 1997a,b; Simoes et al. 1997; Weber et al. 

1997a,b;; Zucker et al. 1997). The initial focus of the WHO and UNICEF has been on the use of 

thee algorithm by health care workers in health facilities. However, early recognition of moderate 

too severe anaemia by the primary caregiver is essential to ensure that these children are brought 

too the formal health care system. Information is limited on the ability of primary caregivers to 

recognizee signs of pallor in their children. In order to develop standardized criteria to help 

improvee the early recognition and treatment of severe anaemia within the community, we 

exploredd the types of pallor that primary caregivers could recognize. During a randomized 

controlledd trial on the impact of insecticide-treated bednets (ITNs) on under-five year child 

mortalityy in western Kenya (Phillips-Howard et al. in press), a series of cross-sectional surveys 

weree conducted in a random sample of 3790 children to evaluate the effect of ITNs on child 

morbidity.. Data from these surveys were used to explore whether primary caregivers recognize 

pallorr in their children, and, if so, how recognized pallor relates to different levels of haemoglobin. 

Material ss  and method s 
StudyStudy area and population. The study area was Asembo, located in Bondo district (until 

1999,, part of Siaya district), lying north-east of Lake Victoria in Nyanza province, western Kenya. 

Thee study site has been described in detail elsewhere (Bloland et al. 1999; McElroy et al. 1999). 

Inn brief, approximately 55 000 people live in Asembo (14% of whom are < 5 years of age), an 

areaa covering 200 km2. The population is ethnically homogeneous: more than 95% are members 

off the Luo tribe. They live in dispersed houses surrounded by fields, and earn their living primarily 

throughh subsistence farming and fishing. Malaria is holoendemic with year-round transmission, 

withh a mean entomological inoculation rate ranging between 60 and 300 bites/person/year 

(Beierr et al. 1994). Anaemia is highly prevalent in the area; approximately 60-90% of children 

havee Hb < 11 g/dl (Bloland et al. 1999; McElroy et al. 1999). Malaria and iron deficiency are 

believedd to be the two main determinants of anaemia in children under 5 years of age. The 

prevalencee of hookworm infection in these children was low (11.8%), and schistosomiasis 

mansonii was virtually absent (0.2%). Ascaris was the most common parasite isolated from 

stooll specimens (25.4%) (unpublished data). 
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Cross-sectiona ll  survey s 
ParticipantParticipant recruitment and study design. Between February 1998 and July 1999, three 

independentt cross-sectional surveys (henceforth referred to as surveys 1, 2 and 3) were 

conductedd to determine the impact of ITNs on alkause morbidity in preschool children. A 

totall of 3790 children aged < 5 years were enrolled from 60 study villages, using simple 

randomm sampling with households as the sampling unit. Each household was randomized to 

cross-sectionall survey 1, 2 or 3, such that one household and their occupants could only contribute 

once.. Caregivers were invited to bring all children aged < 3 years (survey 1) or < 5 years (surveys 

22 and 3) living in their household to a central location in the village on a pre-set day. Each survey 

tookk 20 working days, and three villages were surveyed per day, by three different teams. Each 

teamm alternated daily between surveying an intervention and a control village. 

Procedures.Procedures. The age of the children was copied from census records (collected on a twice-yearly 

basiss as part of the ITN study) and vaccination cards (if available) after verbal verification with the 

caregiver.. Caregivers then received open and prompted questioning on symptoms of illness observed 

inn their children in the past 2 weeks, which included prompted questions on soil eating, del 

monyosore,monyosore, which means 'weak body', as well as difficulty breathing or poor-feeding by the child. 

Eachh caregiver was then asked to examine her child at four anatomical sites for signs of palmar, 

nailbed,, conjunctival (eyelid), or tongue pallor, and for del maratong, a local term for 'pale-body/ 

skin'' (henceforth referred to as 'pale-skin'), which is not related to a specific anatomical site. 

Conjunctivall pallor was evaluated after showing the mother how to evert the lower eyelid and to 

examinee the palpebral conjunctiva. Mothers were also shown how to assess palmar pallor over the 

thenarr eminence without extending the fingers. The nailbeds were examined for pallor without 

compression.. The tongue was examined for pallor in natural light. Staff members were instructed 

nott to 'coach' the mother on her examination for the presence or absence of pallor. After this, the 

caregiverr and child were sent to another station (usually another room, or desk if located outdoors) 

wheree a finger-prick blood sample was collected for haemoglobin determination. No changes to 

thee questionnaires were permitted after the blood sample was taken. Finally, each child was seen 

byy a clinical officer, who discussed the results of the haemoglobin test and treated the child as 

indicated.. All children with Hb < 11 g/dl received a treatment dose of sulfadoxine-pyrimethamine 

(SP),, or amodiaquine if SP was contraindicated, as well as iron supplementation (3 mg/kg/day). 

Childrenn with Hb < 5 g/dl, or with any other severe disease requiring hospitalization, were immediately 

referredd to a local hospital for further management free of charge. 

LaboratoryLaboratory methods. Haemoglobin concentrations were measured in the field using a portable 

batteryy powered Haemocue® machine (HaemoCue AB, Angelholm, Sweden). The remaining blood 

sampless were stored in cooler boxes (5 ) and transported every afternoon to the Centers for 
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Diseasee Control and Prevention (CDC)/Kenya Medical Research Institute (KEMRI) laboratories by a 

studyy vehicle. A full blood count, including repeat haemoglobin, was determined the same afternoon 

usingg a Coulter-Counter® (Coulter Corporation, Miami, FL, USA). 

EthicalEthical clearance and informed consent. The ITN study was approved by the institutional 

revieww boards of KEMRI, Nairobi, Kenya and the CDC, Atlanta, GA, USA. Written informed 

consentt was obtained from caregivers for their participation in the cross-sectional surveys. 

DataData management and analyses. Data forms collected in the field were checked, coded 

andd entered in Clarion™ with built-in range and error checks, and cleaned using SPSS (SPSS for 

Windowss version 10.0, SPSS Inc.). The data from the three cross sectional surveys were pooled. 

Onlyy children whose pallor was assessed for all four anatomical sites and who had a haemoglobin 

measurementt were included in the analyses. Any-pallor was defined as having palmar, nailbed, 

eyelid,, or tongue pallor. Sensitivity was defined as the proportion of anaemic children found to 

havee clinical pallor [true positives (TP)], and specificity as the proportion of non-anaemic 

childrenn found not to have pallor [true negatives (TN)]. The Youden misclassification index 

wass used to determine the most discriminating level of anaemia that could be detected by 

caregivers.. The Youden index score gives equal weight to specificity and sensitivity and was 

calculatedd as J=100 - (FP + FN), where FP represents the proportion of false positives (pallor 

presentt but not anaemic) and FN represents the proportion of false negatives (no pallor but 

anaemic).. The lower the probability of FP andd FN test results (misclassification), the higher the 

Youdenn index score (maximum is 100), and the higher the combined sensitivity and specificity. 

Sensitivityy and specificity are a function of the haemoglobin cut-off used to define anaemia. 

Thee haemoglobin cut-off with the maximum Youden index score was defined as the 'best', i.e. 

thee most discriminating cut-off. The test characteristics of pale-skin and the four anatomical 

pallorr sites were then compared using an haemoglobin cut-off of < 5 g/dl, as the reference 

standard,, which was the lowest cut-off with sufficient numbers to allow for meaningful analyses. 

Forr comparison with previously published studies, the characteristics of the pallor sites were 

alsoo compared using Hb < 7 g/dl as the reference. This was compared with the characteristics 

off different combinations of two sites (six pairs of two) or three sites (four sets of three), and 

alll four sites (any-pallor; one set). We then determined if the test could be further improved by 

combiningg the results from these pallor signs with information obtained from the history given 

byy the caregiver (i.e. 'weak body', soil eating, poor feeding and difficulty breathing). Clustering 

off children in a house was controlled for by use of Proc Mixed in SAS (for differences in mean 

haemoglobin),, and the chi-square test in SUDAAN v8.0 software was used for analysis of differences 

inn proportions and calculation of prevalence ratios (SAS callable version, Research Triangle Institute). 

Alll other analyses were conducted in SAS (the SAS system for Windows, 8.0, SAS Inc.). 
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Result s s 
AA total of 3790 children from 2613 houses were enrolled in the three cross-sectional surveys. Pallor 

signss and haemoglobin levels were available from 3782 (99.8%) children. The mean age was 25 

monthss (range 0.2-59 months) and male participants accounted for 48.7% of the study sample. 

AssociationAssociation between pallor and haemoglobin. The overall prevalence of anaemia (Hb < 

111 g/dl) was 66.0% (n=2500); 7.5% <n=283) had an Hb < 7 g/dl and 1.1% (n=41) had an Hb 

<< 5 g/dl. The prevalence of 'pale-skin' was 33.3%, and of any-pallor was 37.4%; 17.5% were 

reportedd to have palmar pallor, 17.1% to have nailbed pallor, and 22.3% and 26.2% to have 

eyelidd and tongue pallor, respectively. The association between haemoglobin level, the different 

pallorr signs, and additional signs obtained from the caregiver's history did not differ by cross-

sectionall survey (data not shown), and the pooled results are shown in Table 1. Children 

judgedd by the caregivers to have del monyosore ('weak body'), to eat soil, to have difficulty 

breathing,, to feed poorly, as well as to have pallor, had significantly lower mean haemoglobin 

valuess than those without these signs and symptoms. 

ComparisonComparison of haemoglobin cut-offs. Changing the haemoglobin cut-off used had a marked 

impactt on the sensitivity of 'any pallor': the sensitivity of 'any pallor' to detect anaemia increased 

fromm 43.4% for any anaemia (Hb < 11 g/dl) to 59.1% for moderately severe anaemia (Hb < 7 g/ 

dl)) to 75.6% for severe anaemia (Hb < 5 g/dl). There was a smaller concomitant decrease in 

specificity,, particularly between haemoglobin values 7 (64.3%) and 5 (63.0%) g/dl. This is also 

illustratedd by the positive correlation between the severity of anaemia and the Youden index score, 

Tablee 1: Mean hemoglobin levels and prevalence of severe to moderate anemia in children <5y with various signs 
andd symptoms of anemia reported by caregivers 

Meann hemoglobin (g/dL) Prevalence of Hb < 7g/dL 

Signn Sign difference Sign Sign Prevalence 
presentt absent (95% CI)1 present absent Ratio'(95% CI) 

Histor yy of symptom s 
'Weakk body' 
Soill eating 
Feedss poorly 
Difficultyy breathing 
Physica ll  Examinatio n 
'Pale-skin' ' 
Palmm pallor 
Naill pallor 
Eyelidd palfor 
Tonguee pallor 
Any-pallor r 

9.1 1 
9.1 1 
9.8 8 
9.9 9 

9.6 6 
9.1 1 
9.1 1 
9.2 2 
9.4 4 
9.4 4 

10.3 3 
10.3 3 
10.3 3 
10.1 1 

10.2 2 
10.2 2 
10.2 2 
10.3 3 
10.3 3 
10.4 4 

1.17(1.01-1.33) ) 
1.17(1.01-1.33) ) 
0.57(0.44-0.71) ) 
0.200 (0.03-0.37) 

0.600 (0.45-0.74) 
1.12(0.95-1.29) ) 
1.09(0.92-1.27) ) 
1.03(0.88-1.19) ) 
0.833 (0.68-0.98) 
0.96(0.82-1.10) ) 

14.7 7 
13.6 6 
8.8 8 
8.0 0 

10.3 3 
16.0 0 
15.7 7 
13.9 9 
12.4 4 
11.8 8 

5.5 5 
6.0 0 
6.1 1 
7.3 3 

5.9 9 
5.7 7 
5.7 7 
5.6 6 
5.7 7 
4.9 9 

3.00 (2.3-3.8) 
2.5(1.9-3.2) ) 
1.5(1.2-1.9) ) 
1.11 (0.8-1.5) 

1.8(1.4-2.3) ) 
3.22 (2.5-4.1) 
3.11 (2.44.0) 
2.7(2.1-3.5) ) 
2.3(1.8-3.0) ) 
2.66 (2.0-3.3) 

11 Adjustud for clustering at the household level. 
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whichh showed the steepest increase between haemoglobin levels of 7 and 5 g/dl (Figure 1a). 

Cut-offf levels below 5 g/dl did not result in a further increase in the Youden index (not shown). 

Thus,, haemoglobin of 5 g/dl was the cut-off resulting in the highest combined sensitivity and 

specificityy and the most accurate recognition by caregivers of severe anaemia in their children 

(Youdenn index=38.6). Higher or lower cutoffs would result in more children being misclassified 

ass either anaemic when they are not, or as not anaemic when they are anaemic. Similar results 

weree obtained for all of the individual pallor sites, and for 'pale-skin', as well as the symptoms 

'weakk body', and soil eating. 
A A 

Any-pallo r r 

ComparisonComparison of symptoms and anatomical 

sites.sites. Comparison of the four symptoms 

obtainedd by history showed that 'weak body' 

hadd the highest Youden index score, followed 

byy soil eating. Difficulty feeding and difficulty 

b rea th ingg had a much lower combined 

sensitivityy and specificity (Table 2). Comparison 

off the four anatomical pallor sites and 'pale-

skin'' by Youden index score showed that the 

usee of palmar and nai lbed pallor for the 

diagnosiss of severe anaemia (Hb < 5 g/dl) 

resultedd in similar combined sensitivities and 

specificitiess with Youden index scores of 36.6 

andd 36.9, respectively, compared wi th 34 .1 , 

33.55 and 31.6 for eye pallor, 'pale skin' and 

tonguee pallor, respectively. 'Pale-skin' and 

tonguee pallor had the lowest Youden index 

scoree when compared using Hb < 7 g/dl as the 

referencee standard. Combining one anatomical 

pallorr site with one of the three other anatomical 

pallorr sites with an 'or' statement (children with 

aa positive result on any of the pallor sites are 

consideredd positive) improved sensitivity, with a 

smallerr concomitant fall in specificity, thus 
Figur ee 1: Sensitivity, specificity and Youden index score 

resultingg in increased Youden index scores. The o f ( a ) a n y .p a | |o r i ( b ) any-pallor or 'weak body', (c) any-
bestt combination of sensitivity and specificity for pallor or soil eating in the diagnosis of anaemia as a 

functionn of changing haemoglobin cut-off values 
detectingg Hb < 5.0 g/dl was achieved by palm L e g e n d . d i a m o n d = sensitivity, square=specificity, 
orr t ongue ' pallor (sensi t iv i ty=72.5%, triangle=Youdenindex 

Any-pallo rr  or soi l eatin g 

99 8 7 
Hemoglobinn (g/dl) 
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Tablee 2: Sensitivity, specificity andd Youden index of symptoms and pallor sites recognized by caregivers to detect 
severee anemia and very severe anemia in their children. 

Hbb < 5g/dL(n=41) Hb < 7g/dL(n=283) 

Senss Spec Youden Sens Spec Youden 
scoree score 

Histor yy of symptom s 
'Weakk body' 
Soill eating 
Feedss poorly 
Difficultyy breathing 

Physica ll  Examinatio n Singl e variable s 
'Paleskin' ' 
Palm m 
Eyelid d 
Nail l 
Tongue e 

Tw oo sit e combination s 
Palmm or eyelid 
Palmm or nail 
Palmm or tongue 
Eyelidd or nail 
Eyelidd or tongue 
Naill or tongue 

Thre ee an d fou r sit e combination s 
Palmm or eyelid or nail 
Palmm or nail or tongue 
Tonguee or nail or eyelid 
Palmm or tongue or eyelid 
Any-pallorr (palmar or eyelid or nailbed or tongue) 
Any-pallorr or pale-skin 

Histor yy and sign s combine d 
Any-pallorr or 'weak body' 
Any-pallorr or soil eating 
Any-pallorr or feeds poorly 
Any-pallorr or difficulty breathing 

61.0 0 
51.2 2 
65.9 9 
24.4 4 

66.7 7 
53.7 7 
56.1 1 
53.7 7 
57.5 5 

58.5 5 
56.1 1 
72.5 5 
56.1 1 
72.5 5 
70.0 0 

58.5 5 
73.2 2 
73.2 2 
75.6 6 
75.6 6 
87.2 2 

80.5 5 
87.8 8 
87.8 8 
78.1 1 

78.8 8 
80.3 3 
47.7 7 
80.8 8 

66.8 8 
82.9 9 
78.0 0 
83.2 2 
74.1 1 

72.9 9 
81.2 2 
67.9 9 
73.3 3 
67.4 4 
68.2 2 

72.2 2 
66.7 7 
63.7 7 
63.8 8 
63.0 0 
51.6 6 

58.0 0 
53.3 3 
36.8 8 
55.0 0 

39.8 8 
31.5 5 
13.6 6 
5.2 2 

33.5 5 
36.6 6 
34.1 1 
36.9 9 
31.6 6 

31.4 4 
37.3 3 
40.4 4 
29.4 4 
39.9 9 
38.2 2 

30.7 7 
39.9 9 
36.9 9 
39.4 4 
38.6 6 
38.8 8 

38.5 5 
41.1 1 
24.6 6 
33.1 1 

42.4 4 
36.4 4 
61.5 5 
21.0 0 

46.8 8 
37.6 6 
41.5 5 
36.0 0 
43.6 6 

49.8 8 
39.6 6 
54.8 8 
48.8 8 
53.0 0 
53.8 8 

50.5 5 
56.0 0 
57.9 9 
58.0 0 
59.1 1 
67.8 8 

65.8 8 
71.9 9 
77.6 6 
65.0 0 

80.1 1 
81.3 3 
48.2 2 
80.8 8 

67.5 5 
84.1 1 
79.2 2 
84.0 0 
75.0 0 

74.4 4 
82.4 4 
69.3 3 
74.7 7 
68.6 6 
69.5 5 

73.7 7 
68.1 1 
65.0 0 
65.1 1 
64.3 3 
52.7 7 

59.5 5 
54.8 8 
37.7 7 
56.2 2 

22.5 5 
17.7 7 
9.7 7 
1.8 8 

14.3 3 
21.7 7 
20.7 7 
20.0 0 
18.6 6 

24.2 2 
22.0 0 
24.1 1 
23.5 5 
21.6 6 
23.3 3 

24.2 2 
24.1 1 
22.9 9 
23.1 1 
23.4 4 
20.5 5 

25.3 3 
26.7 7 
15.3 3 
21.2 2 

specificity=67.9%,, Youden index=40.4). None of the other two-site combinations, triple-site 

combinations,, or the combination of all four sites resulted in better combinations of sensitivity 

andd specificity, and the pattern across haemoglobin cut-offs for 'palm or tongue' pallor was 

similarr to that of any-pallor. For Hb < 7 g/dl as a cutoff, the combination of palm or tongue, 

andd palm or eyelid pallor had similar Youden index scores (24.1 and 24.2). 

Ass severe anaemia is a potentially life-threatening condition, we also determined which 

combinationn of signs and symptoms had the best combination of sensitivity and specificity, but 

givingg more weight to sensitivity. A combination of any-pallor with either 'weak body' or soil 

eatingg resulted in the highest sensitivity (80.5% and 87.8%) with a specificity of > 50% and a 

Youdenn index of 38.5 and 41.1 , respectively. The combination of any-pallor with poor feeding 

andd any-pallor with difficulty breathing was also associated with a high sensitivity (87.8 and 78.1) 
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butt with a much lower specificity. The characteristics of the best combinations of signs and history 

acrosss haemoglobin values between 5 and 11 g/dl are also shown in Figures 1b and c. 

Thee positive predictive value (PPV) for the Hb < 5 g/dl cut-off was very low {2.2%), owing to 

thee low prevalence of severe anaemia in this population (1.1%) regardless of age (1.5% in < 

244 m, 0.7% in 24-59 m). Overall, 37% (100-specificity) (n=1379) of the non-severely anaemic 

childrenn (Hb >5 g/dl, n=3727) were classified as having any-pallor (FP). Further analyses revealed 

that,, of these false positives (FP), 9.8% (n=135), 27.9% (n=384), 38.5% (n=531), and 23.9% 

(n=329)) had haemoglobin values of 5-6, 7-8, 9-10, and >11 g/dl, respectively. Of the 2348 

truee negatives (TN) (i.e. those with Hb >5 g/dl who were not classified as having any-pallor), 

4.5%% (n=105), 16.4% (n=384), 38.7% (n=909), and 40.5% (n=950) had haemoglobin values 

off 5-6, 7-8, 9-10, and >11 g/dl, respectively. Thus, 76% of the FP had non-severe anaemia 

(Hb,, 5-11 g/dl), vs. 60% of those who were not classified as having any-pallor (P < 0.001). 

Thesee figures were 74% and 58%, respectively, when Hb < 7 g/dl (n=3487) was used as the 

referencee standard. 

Stratifiedd analyses revealed that the recognition of anaemia by caregivers was not associated 

withh the age of the child (data not shown), with the exception that for Hb < 5 g/dl, tongue 

pallorr had higher sensitivity but lower specificity in the infants (sensitivity=71.4%, 

speciff icity=67.5%) than in the older children (sensitivity=50%, specificity=76.5%). 

Discussio n n 
Thee assessment of the ability of primary caregivers to detect signs of body pallor is important for 

thee development of intervention programmes to assist in the early detection of severe anaemia 

withinn the community. This study shows that caregivers are potentially able to recognize signs 

andd symptoms of severe anaemia in their children, albeit with moderate accuracy. The local 

languagee (Dholuo) contains terms for 'pale-body/skin' (del maratong). The presence of this sign 

alonee was associated with 67% sensitivity and 67% specificity, suggesting that caregivers can 

recognizee at least two of three of the severely anaemic (Hb < 5 g/dl) children without using the 

conventionall anatomical pallor signs. We also found that caregivers in the current study were 

ablee to use anatomical sites of clinical pallor to identify severe anaemia in their children after 

minimall instructions. The anatomical sites for assessing pallor, with the exception of tongue, had 

betterr test characteristics (higher combined sensitivity and specificity) than the more general 

'pale-skin'' sign. In general, caregiver's ability to recognize severe anaemia did not vary across 

agee groups for individual pallor signs, with the exception of tongue pallor, which gave better 

sensitivity,, but lower specificity, in infants than in older children. 

Thiss study confirms that assessment of pallor using multiple anatomical pallor sites improves 

thee accuracy of the diagnosis, and results in a higher sensitivity, at less cost to specificity. Different 
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combinationss of two or three pallor sites gave similar results. The combination of all four anatomical 

sitess was associated with 76% sensitivity and 63% specificity in the detection of Hb < 5 g/dl. This 

wass 59% and 64%, respectively, for moderately severe anaemia (Hb < 7 g/dl). Both the sensitivity 

andd specificity to detect moderately severe anaemia were lower for all pallor sites in this study 

involvingg caregivers, than in most published studies among non-physician health care workers who 

hadd received 1-2 days of training (Luby et a!. 1995; Zucker et al. 1997; Stoltzfus et al. 1999). 

Itt can be argued that with a cut-off of Hb < 5 g/dl, a high sensitivity is more important than 

specificity.. First, because the number of false negatives (FN) should be kept to a minimum as 

haemoglobinn levels below this threshold can be life-threatening. Second, children being falsely 

diagnosedd with 'severe' anaemia (FPs) are likely to be at least moderately or mildly anaemic 

(76%% in the current study), or otherwise iron deficient (but not anaemic) and will therefore 

potentiallyy benefit from contact with health services and treatment. Combining any-pallor with 

soill eating improved the sensitivity further to over 87%, thereby decreasing the number of FN, 

butt at a price of decreased specificity and therewith an increased number of FPs. Soil eating is 

veryy common in this age group: overall, 20% reported this activity in their children in the 2-

weekk period prior to the survey, and among children with Hb < 5 g/dl, reported soil eating 

increasedd to 51%, of whom 13.3 and 33.3% had hookworm and Ascaris infections, respectively. 

Soill eating is a well-known practice in western Kenya, and whether it is a cause or a consequence 

off iron deficiency anaemia is a topic of debate (Geissler 2000). A study conducted among 

primaryy school children in western Kenya reported the prevalence of soil eating to be 73%, 

whichh was associated with both all-cause anaemia and iron depletion. Forty-eight percent of 

thee soil samples were contaminated with Ascaris lumbricoides (Geissler et al. 1998). 

Thiss study included a randomly selected representative sample of mostly asymptomatic (93%) 

preschooll children from the study area. Non-response was very low (2-3%), and only 0.2% had 

missingg haemoglobin or pallor values. We used coulter counter haemoglobin concentrations as 

thee reference standard, which has less variability than haemoglobin levels measured by portable 

haemocuee systems (Prakash et al. 1999). The caregivers were 'blinded' to the haemoglobin 

values,, because they assessed pallor in their children before the haemoglobin values were 

measured,, and changes on the questionnaire were not permitted after the finger prick sample 

hadd been taken. Therefore, we believe that the conclusions are valid for the study population. 

Onee of the limitations of the study is a potential over-reporting by caregivers of paleness in their 

childrenn with the desire to receive treatment free of charge as part of the cross-sectional surveys. 

Over-reportingg would increase the number of FP, decrease specificity and increase sensitivity. 

Thee desire for medication was obvious in these cross-sectional surveys, similar to that reported in 

anotherr community based survey in eastern Kenya (Verhoef et al. 1999). However, this was 

typicallyy associated with reporting by caregivers of recent acute illness in their children, potentially 

resultingg in over-estimates of histories of recent fever. In addition, the fact that caregivers received 
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somee training in identifying pallor might have influenced the test characteristics, making the 

resultss less representative of what might happen in real life conditions. Lastly, wee also recognize 

thatt the individual pallor signs observed by caregivers are highly correlated with each other, and 

cannott be considered independent observations. The combined variable any-pallor therefore 

providedd more valid information than assessment of the individual pallor signs. 

Onee study from coastal Kenya reported that only 22% of caregivers recognized anaemia as a 

complicationn of malaria (Mwenesi et al. 1995). Nevertheless, of all the children who were reported 

too have malaria, 91% of caregivers also reported doing something about it. These results are 

similarr to our findings from the current study in western Kenya where more than 89% of caregivers 

off children with confirmed Hb < 7 g/dl reported seeking some form of health care in the previous 

22 weeks, more than half of which was from traditional healers. However, among all children with 

Hbb < 7 g/dl, 93% also had a fever or a history of fever. This indicates that seeking health care was 

oftenn associated with an acute illness (fever) and not primarily with severe anaemia. Anaemia is 

rarelyy recognized as a stand-alone problem in this community (J. Alaii, personal communications), 

andd may therefore go unnoticed and remain untreated in children who appear otherwise 'well'. 

Fromm experience in this study, we noted that the caregivers generally enjoyed and were motivated 

too examine their children for sites of clinical pallor. This may suggest that, in this area, training of 

caregiverss to adequately recognize signs of pallor in their children has the potential to markedly 

increasee the proportion of children with severe anaemia who are brought to the attention of the 

healthh care system. It is important to combine this with education on the potentially serious 

consequencess of severe anaemia. Such education could be incorporated into current IMG 

guideliness (WHO 1995) that recommend health workers to counsel caregivers on good feeding 

practicess for themselves and their children. 

Thee PPV is the prevalence of severe anaemia among children who tested positive for the 

pallorr sign. As expected, in this study sample, thePPVfor anHb < 5 g/dl was very low (2.2%), 

ass PPV is a function of the overall prevalence of severe anaemia, which was only 1.1% in the 

currentt sample. It is important to note that, even in the presence of an excellent sign or test 

(e.g.. 95% sensitivity and specificity), a disease with a prevalence of 1% would have a PPV of 

onlyy 16% (Sackett et al. 1991). However, the PPV would increase to 68% if the prevalence of 

diseasee was 10%, and to 83% if the prevalence was 20%. Therefore, further training of caregivers 

too improve their skills to recognize moderately severe anaemia (e.g. Hb < 7 or < 8 g/dl) (typical 

prevalencee of 7.5-25%), as opposed to only severe anaemia (Hb < 5 g/dl), may not only 

improvee the combined sensitivity and specificity for the detection of moderate anaemia, but 

also,, in particular, the PPV of the pallor signs. 

Recentt analyses have indicated that current diagnostic skills to detect anaemia within peripheral 

healthh facilities in our study area are poor. Less than 2% of sick children seeking health care at 

peripherall health facilities were diagnosed with anaemia, despite a prevalence of moderate to 
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severee anaemia (Hb < 8 g/dl) of more than 15% detected during community-based cross-sectional 

surveyss (P.A. Phillips-Howard, unpublished data). This suggests that improved training of peripheral 

healthh care workers to detect anaemia clinically is also required. However, even with improved 

trainingg for recognition of anaemia by both the caregiver and health worker, a significant proportion 

off severely anaemic children might still remain unrecognized without improvement of the diagnostic 

facilitiess to determine haemoglobin concentrations in the peripheral health clinics in our study 

area.. Such improvement could potentially include use of the recently developed WHO Haemoglobin 

Colourr Scale, pending further validation in very young children (Stott & Lewis 1995; Lewis et al. 

1998;; Ingram & Lewis 2000; Montresor et al. 2000). 

Inn conclusion, our data suggest that caregivers, following minimal instructions, can recognize 

severee anaemia (Hb < 5 g/dl) in their children, albeit wi th moderate accuracy. They perform 

lesss wel l in recognizing moderately severe anaemia (Hb < 7 g/dl) . We also identified a 

combinationn of signs and symptoms that can be used in training of caretakers to improve the 

recognitionn of severe anaemia in their children and health care seeking behaviour. 

Consistentt with previous studies in non-physician health care workers (Stoltzfus et al. 1999), 

thee sensitivity to detect severe anaemia can be improved at less cost to specificity by combining 

multiplee anatomical sites and associated signs to assess clinical pallor. In areas where soil 

eatingg is common, and in western Kenya where there is a local term for 'weak body', these 

shouldd also be considered as potential indicators for severe anaemia. 
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