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Optimal treatment of Plasmodium falciparum-related paediatric anaemia can result in improved haema-
tological recovery and survival. Clinical predictors are needed to identify children with anaemia in settings
where laboratory measurements are not available. The use of conjunctival (eyelid), palmar, nailbed, and
tongue pallor to detect children with moderate anaemia (haemoglobin, 5.0-7.9g/dl) or severe anaemia
(haemoglobin, <5.0 g/dl) was evaluated among children seen at an outpatient and inpatient setting in a
hospital in western Kenya.

Severe nailbed or severe palmar pallor had the highest sensitivity (62% and 60%, resp.), compared with
severe conjunctival pallor (sensitivity = 31%), to detect children with severe anaemia in the outpatient
setting. Children with moderate anaemia were best identified by the presence of nailbed or palmar pallor
(sensitivity = 90% for both signs), compared with conjunctival pallor (sensitivity = 81%). Clinical signs of
respiratory distress, in addition to the presence of severe pallor, did not increase the recognition of children
requiring hospitalization for severe anaemia.
Among inpatients, the sensitivity of severe nailbed pallor (59%) was highest for detecting children with

severe anaemia, although the sensitivity of severe conjunctival pallor and severe palmar pallor was the same
(53% for both signs). Presence of conjunctival pallor (sensitivity = 74%) was similar in sensitivity to both
nailbed and palmar pallor (70% for both signs) among children with moderate anaemia. The sensitivity of
tongue pallor was low among all children evaluated. Low haemoglobin levels were significantly associated
with the likelihood of being smear-positive for P. falciparum.

This study demonstrates that clinical criteria can be used to identify children with moderate and severe
anaemia, thus enabling implementation of treatment algorithms. Children aged <36 months who live in an
area with P. falciparum malaria should receive treatment with an effective antimalarial drug if they have
pallor.

Introduction
Plasmodium falciparum-related anaemia in children
is a major public health problem in the malaria-
endemic areas of sub-Saharan Africa, where it af-
fects as many as one-third of paediatric admissions
(1-3). The causes of this anaemia include haemolysis
and dyserythropoiesis, but the disease has also been
associated with chloroquine drug resistance (4-7).
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Optimal treatment of children with falciparum-re-
lated anaemia can result in improved haematological
recovery and survival (8, 9). However, the imple-
mentation of guidelines for treatment of anaemia
depends on the ability of health workers to recognize
that a child is anaemic. Recommendations based on
haemoglobin levels are useful for managing children
when the haemoglobin can be measured; however,
laboratory measurements are often not available
in the usual clinic settings of sub-Saharan Africa.
Hence, health workers often depend on clinical
signs, such as conjunctival pallor, to identify anaemic
children. Standardized clinical criteria to identify
children who are anaemic need to be developed and
field tested. The present study evaluates the sensitiv-
ity and specificity of clinical predictors to identify
children with moderate or severe anaemia.

Patients and methods
The study was conducted in the outpatient and inpa-
tient departments of Siaya District Hospital, a 200-
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bed Ministry of Health hospital serving a population
of 600000 in western Kenya. Children aged 2 months
to 5 years who attended the outpatient department
(OPD) or who were admitted to the 40-bed paediat-
ric ward of this hospital were included in our evalu-
ation. Informed consent was obtained from the
parent or guardian at the time of enrolment. Data
were collected from June 1993 through September
1994 in the OPD and from June through September
1994 in the inpatient service. This study was ap-
proved by the scientific steering and ethical review
committees of the Kenya Medical Research Institute
and the investigational review board of the Centers
for Disease Control and Prevention (CDC).

Recognition of children with anaemia

Outpatients. Every fifth child seen in the OPD for
illness was systematically enrolled as part of a study
to evaluate an algorithm for integrated manage-
ment of childhood illness (IMCI) (10). Before the
study began, an experienced trainer from the World
Health Organization conducted on-site training for
the study physician and health workers. After the
informed consent of the parent or guardian had
been obtained, a trained health worker evaluated
each child for clinical signs of anaemia including the
presence or absence of conjunctival (eyelid) and
palmar pallor.a The study physician then examined
each child for pallor at four sites: conjunctiva, palm,
nailbed, and tongue, and for nailbed blanching under
pressure.a Pallor was graded as severe, present, or
none. The study physician also assessed the child
for the severity of illness and signs of respiratory
distress including general appearance, quality of cry,
respiratory rate, presence of grunting, nasal flaring,a
chest indrawing, stridor, increased depth of respira-
tion,a use of accessory muscles of respiration,a liver
tenderness,a and cold extremities.a All the enrolled
children had their haemoglobin measured and a
blood smear was taken for malaria parasites. Based
on the history and a physical examination, the study
physician determined the final diagnosis and treat-
ment plan, including the need for hospital admission.
The study physician and the health workers did
not have access to each other's results of examina-
tion and assessment. Haemoglobin was measured
after the clinical examination was completed and
recorded.

Inpatients. Children admitted to the inpatient serv-
ice were enrolled after informed consent was ob-

a These clinical signs were added in June 1994.

tained. For each child, a trained examiner assessed
and recorded the presence or absence of conjuncti-
val (eyelid), nailbed, palmar and, tongue pallor, as
well as nailbed blanching under pressure;a pallor was
graded as severe, present, or none. After the clinical
examination, an admission haemoglobin measure-
ment and a blood smear for malaria parasites were
taken.

Laboratory investigation
Haemoglobin was measured from a capillary
fingerprick by the HemoCueb (Mission Viejo, CA,
USA) method. Thick and thin blood smears were
stained with 3% Giemsa stain for 30min. The
number and species of Plasmodium parasites were
read per 300 leukocytes. Parasite density was cal-
culated by using the population mean of 8000
leukocytes/mm3.

Definitions
Children with a haemoglobin level <5.0 g/dl were clas-
sified as severely anaemic and those with a level
of 5.0-7.9g/dl as moderately anaemic. Children re-
ferred by the study physician for admission because
of anaemia or for blood transfusion were considered
to be cases of severe anaemia requiring referral.
Criteria for blood transfusion were a haemoglobin
level <5.0g/dl plus signs of respiratory distress such
as nasal flaring, grunting, and chest indrawing (1).

Analysis
Data were analysed by using Epi-Info 6 (Centers
for Disease Control and Prevention, Atlanta, GA,
USA) and SAS (SAS Institute Inc., Cary, NC, USA)
statistical package software. Categorical variables
were analysed using frequency distributions and dif-
ferences among groups were assessed by x2 tests.
Two-by-two tables for calculation of sensitivity,
specificity, and positive predictive value were con-
structed as follows: for haemoglobin level <5.0g/dl,
children categorized with severe pallor were com-
pared to the combination of children with pallor and
no pallor; for moderate anaemia, the severe pallor
and pallor groups were combined and compared to
those with no pallor. Inter-rater agreement between
the health workers and study physician for palmar
and conjunctival pallor was determined by calcula-
tion of a K statistic (11).

bUse of trade names is for identification only and does not imply
endorsement by the U.S. Public Health Service or by the U.S.
Department of Health and Human Services.
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Table 1: Sensitivity, specificity, and positive predictive values of clinical
signs to detect children with severe or moderate anaemia among outpatients

Positive predictive
Sensitivity (%)a Specificity (%)a value (%)a

Hb < 5.0 Hb < 8.0 Hb < 5.0 Hb < 8.0 Hb < 5.0 Hb < 8.0
Clinical sign g/dl g/dl g/dl g/dl g/dl g/dl

Study physician:
Conjunctival pallor 31 81 99 65 60 61
Tongue pallor 13 59 100 88 65 77
Nailbed pallor 62 90 99 63 73 63
Palmar pallor 60 90 98 63 70 63
Nailbed blanching 55 58 98 95 70 92

Health workers:
Conjunctival pallor 33 68 100 33 89 85
Palmar pallor 45 85 98 61 73 66

a Hb: haemoglobin level.

Results
During the study period, 1666 childrenc were evalu-
ated in the outpatient department; their mean age
was 17.8 months (median age, 13 months) and 48%
were female. The mean haemoglobin level among
these children was 8.5g/dl; 99 (6%) were <5.0g/dl;
580 (35%) were <8.0g/dl; and 987 (59%) were
<11.0g/dl, which meets the WHO and CDC defini-
tion for anaemia (12). The study physician referred
88 (89%) of the 99 children with severe anaemia for
hospital admission.

Outpatient children with severe anaemia were
best identified by the presence of severe nailbed or
severe palmar pallor (Table 1), as indicated by the
highest sensitivity (62% and 60%, resp.), compared
with severe conjunctival pallor (sensitivity = 31%),
severe tongue pallor (sensitivity = 13%), or nailbed
blanching (sensitivity = 55%). Similarly, children
with moderate anaemia were best identified by the
presence of nailbed or palmar pallor (sensitivity =
90% for both signs), compared with conjunctival
pallor (sensitivity = 81%), tongue pallor (sensitivity
= 59%), or nailbed blanching (sensitivity = 58%).
The addition of clinical signs of respiratory distress
to palmar pallor did not increase the recognition of
children requiring referral to a hospital for severe
anaemia (Table 2). The inter-rater agreement be-
tween the study physician and the health workers for
the detection of conjunctival pallor (severe, present,
or none) and palmar pallor (severe, present, or
none) were K = 0.51 and K = 0.41, respectively.

cOf these children, 498 were enrolled after the additional clinical
signs had been added in June 1994.

An analysis restricted to 49 children with severe
anaemia who met the criteria for transfusion demon-
strated that 38 (78%) of them had severe palmar
pallor and 19 (38%) had severe conjunctival pallor.
The addition of the latter, as another indicator, to
the use of severe palmar pallor did not increase the
identification of severely anaemic children requiring
transfusion (the two signs combined by and identi-
fied 18 children; when combined by or, they
identified 39 children).

Haemoglobin levels were significantly asso-
ciated with the likelihood of being parasitaemic.
Thus, asexual parasites of P. falciparum were
demonstrated by blood smear among 93% (92 of
99) of severely anaemic children, 85% (495 of 580)
of children with haemoglobin levels 5.0-7.9gIdl,
61% (458 of 753) of children with haemoglobin
levels 8.0-10.9g/dl, and 39% (92 of 234) of those
with haemoglobin levels ¢11.Og/dl (X2 test, 215.60;
P < 0.001).

Among inpatients, 1048 children were evalu-
ated; their mean age was 15.5 months (median age,
11 months) and 47% were female. The mean haemo-
globin level among these children was 7.5 mg/dl; 196
(19%) were <5.Og/dl; 388 (37%) were between 5.0
and 7.9g/dl; and 951 (91%) were <11.Og/dl. Severe
nailbed pallor (59%) had the highest sensitivity for
detecting children with severe anaemia, although the
sensitivities of severe conjunctival pallor and severe
palmar pallor were in the same range (53% for both
signs). The sensitivity of conjunctival pallor (74%)
was similar to those of both nailbed and palmar pal-
lor (70% for both signs) for identifying children with
moderate anaemia (Table 3).

Haemoglobin levels were significantly asso-
ciated with the likelihood of being parasitaemic.
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Table 2: Effect of adding respiratory signs to pallor on the sensitivity and
specificity of identifying children for referral with a haemoglobin level
<5.0g/dl (n = 88)a

Severe palmar pallor
Severe palmar pallor or palmar pallor
plus respiratory sign plus respiratory sign

Sensitivity Specificity Sensitivity Specificity
Respiratory signb (%) (%) (%) (%)

None 60 98 99 44
Respiratory rate >59 (38) 43 99 77 82
Very sick appearance (25) 28 100 67 94
Increased work of breathing (30) 24 99 75 92
Grunting (10) 11 100 65 98
Nasal flaring (19) 22 99 75 89
Chest indrawing (25) 28 100 65 98

a Other clinical signs evaluated but not shown because of small numbers include: hyper-
pnoea (n = 7), liver tenderness (n = 3), cold extremities (n = 3), stridor (n = 1), and abnormal
cry (n = 13).
b Figures in parentheses are the number of children.

Table 3: Sensitivity, specificity, and positive predictive values of clinical
signs to detect children with severe or moderate anaemia among
inpatients

Positive predictive
Sensitivity (%)a Specificity (%)a value (%)a

Hb < 5.0 Hb < 8.0 Hb < 5.0 Hb < 8.0 Hb < 5.0 Hb < 8.0
Clinical sign g/dl g/dl g/dl g/dl g/dl g/dl

Conjunctival pallor 53 74 96 76 77 80
Tongue pallor 42 68 99 86 93 87
Nailbed pallor 59 70 96 86 79 86
Palmar pallor 53 70 97 85 81 86
Nailbed blanching 45 20 97 98 73 94

a Hb, haemoglobin level.

Thus, asexual parasites of P. falciparum were
demonstrated by blood smear among 85% (158/187)
children with severe anaemia, 76% (273/357) with
moderate anaemia, 62% (202/328) with levels be-
tween 8.0 and 10.9g/dl, and 36% (27/75) with hae-
moglobin >l11.0g/dl (X2 test, 77.67; P < 0.001).

Discussion
The burden of illness from anaemia in Africa is enor-
mous (13-16), and is affecting the health status and
development of young children (17). Recognition of
this fact has led to the testing of standardized clini-
cal approaches to identify and treat children with
anaemia. The present study demonstrates that clini-
cal criteria can be used to identify children with
moderate or severe anaemia, thus enabling imple-

mentation of treatment algorithms even when hae-
moglobin measurements are not available.

Two different populations of anaemic children
need to be adequately managed by clinical algo-
rithms: children with moderate anaemia and those
with severe anaemia and respiratory difficulties,
whose survival can be improved by hospitalization
and blood transfusion (1). Children with moderate
anaemia can be identified by the presence of nailbed
or palmar pallor; the sensitivity of these two signs
was 70-90% in both our inpatient and outpatient
studies. Importantly, the presence of pallor identi-
fied all children with severe anaemia, thus ensuring
evaluation and treatment for the anaemia. The
specificity was 61-85%, which indicates that some
children would receive treatment for anaemia even
though their haemoglobin level was >8.0g/dl. How-
ever, a more detailed evaluation revealed that nearly
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all (98%) of these children had a haemoglobin level
<11.0g/dl, and would therefore be considered anae-
mic by the WHO and CDC definition, and would
benefit from treatment (12). Approximately 60% of
children with severe anaemia were identified by
clinical criteria alone, i.e. severe nailbed or severe
palmar pallor based on sensitivity and specificity
analyses. The addition of clinical signs of respiratory
distress to either severe pallor or pallor did not in-
crease the identification of severely anaemic children
referred for hospitalization by the study physician.
However, the specificity of severe nailbed or palmar
pallor was over 96% in the outpatient and inpatient
services, which would limit the number of unnecessary
referrals.

Two studies conducted in sub-Saharan Africa,
in the Gambia and Malawi, where the rates of anae-
mia and malaria transmission are lower, also demon-
strate the high sensitivity of palmar pallor to identify
anaemic children (18, 19). Our results and the evi-
dence from these two studies indicate that these cri-
teria perform well technically, but they need to be
validated outside of research settings. Inter-rater
agreement for conjunctival and palmar pallor was in
the poor-to-good range; our study only compared
observations made by two clinicians. A larger set
of observations are needed among more health
personnel to assess the performance of clinical signs
for pallor and to evaluate interobserver reliability.
These results should also be field tested among
other groups at risk for anaemia, for example, among
pregnant women and in settings outside of Africa.

Several studies conducted in sub-Saharan
Africa, in areas with chloroquine-resistant P.
falciparum, have demonstrated the importance
of treating anaemic children with an antimalarial
drug to clear the parasitaemia and promote
haematological recovery (8, 20). These studies have
compared children treated with pyrimethamine/
sulfadoxine (PS), a drug combination that clears
falciparum parasitaemia, and those treated with
chloroquine, a drug to which there is documented
resistance. Similar results have been demonstrated
in the Gambia, Malawi, and western Kenya, areas
with low, moderate, and high malaria transmission,
respectively. In all cases, children given PS showed a
greater increase in their haemoglobin concentration
one month after treatment, compared with the chil-
dren given chloroquine. These results suggest that
the early recognition and treatment of children with
anaemia may prevent further decreases in haemo-
globin levels and the development of severe
anaemia.

We recommend the use of an algorithm for the
evaluation and treatment of children with anaemia
that maximizes sensitivity. It uses the presence of

nailbed or palmar pallor, which performed well in
the three sites where the clinical signs were evalu-
ated. Children <36 months old who live in an area
with P. falciparum malaria should receive treatment
with an effective antimalarial drug if they have pal-
lor. In settings where hookworm is prevalent, chil-
dren may need treatment with antihelminthics.
Recognition of children with severe anaemia can be
accomplished by observing severe nailbed or severe
palmar pallor, an approach that maximizes the
specificity and reduces the number of unnecessary
hospital referrals. However, any child noted to have
signs of respiratory distress should be referred for
evaluation of both severe pneumonia and severe
anaemia. Children suspected of having severe anae-
mia but who do not have severe pallor can be re-
ferred for haemoglobin testing. This approach can be
used in primary care settings and has been adapted
for the integrated management of the sick child, de-
veloped by WHO and UNICEF (21). Standardiza-
tion and implementation of a clinical algorithm for
recognition and management of children with anae-
mia can improve their management and decrease the
burden of illness caused by the anaemia.
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Resume
Signes cliniques pour l'identification de
I'enfant atteint d'anemie moderee ou
sdvbre, dans l'ouest du Kenya
Si le traitement des an6mies p6diatriques liees a
Plasmodium falciparum est optimise, le retablisse-
ment sur le plan h6matologique et la survie peuvent
s'en trouver amelior6s. Des indicateurs cliniques
predictifs sont necessaires pour pouvoir identifier
1'enfant anemie lorsque les analyses de laboratoire
ne sont pas possibles. Divers indicateurs tels que la
paleur des conjonctives (paupieres), des paumes,
du lit des ongles et de la langue pour reperer
l'enfant atteint d'anemie moderee (h6moglobine:
5,0-7,9g/dl) ou d'an6mie s6vere (h6moglobine:
<5,0g/dl) ont ete evalues chez des enfants vus en
consultation interne et externe dans un h6pital de
l'ouest du Kenya.
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Une paleur importante des paumes ou du lit
des ongles sont les indicateurs qui ont la sensibilite
la plus 6lev6e (62% et 60% respectivement),
compar6 a la forte paleur conjonctivale (sensibilite:
31%), pour le depistage de l'anemie s6vere de
l'enfant en consultation externe. Les indicateurs les
plus appropri6s pour identifier une an6mie moder6e
sont la paleur du lit des ongles ou des paumes
(sensibilit6: 90% pour les deux signes), compar6 a
la paleur des conjonctives (sensibilit6: 81%). Les
signes cliniques de d6tresse respiratoire, ajoutes a
la presence d'une forte paleur, n'am6liorent pas
l'identification de l'enfant qui n6cessite une hospi-
talisation pour an6mie s6vere.

Chez les patients hospitalises, la sensibilit6
de la forte paleur du lit des ongles (59%) 6tait
maximale pour le d6pistage de I'an6mie s6vere; la
sensibilit6 de la forte paleur des conjonctives et des
paumes 6tait toutefois semblable (53% pour les
deux signes). La presence d'une paleur conjonc-
tivale (sensibilit6: 74%) etait comparable a la sen-
sibilit6 de la paleur des paumes et du lit des ongles
(70% pour les deux signes) chez l'enfant mod6re-
ment an6mi6. La sensibilite de la paleur de la
langue 6tait faible chez tous les enfants examin6s.
Des taux faibles d'hemoglobine 6taient
significativement associes a la probabilit6 que le
frottis soit positif pour P. falciparum.

Cette etude d6montre que les criteres clini-
ques peuvent etre utilises pour identifier l'enfant
mod6r6ment ou s6verement an6mi6, permettant
ainsi d'utiliser des algorithmes de traitement. 11 est
souhaitable que l'enfant pale de moins de 36 mois
qui vit en secteur de paludisme a P. falciparum
regoive un traitement antipaludique efficace.
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