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ABSTRACT

Despite recent overall improvement in the survival of
under-five children worldwide, mortality among young
infants remains high, and accounts for an increasing pro-
portion of child deaths in resource-poor settings. In such
settings, clinical decisions for appropriate management
of severely ill infants have to be made on the basis of
presenting clinical signs, and with limited or no labora-
tory facilities. This review summarises the evidence from
observational studies of clinical signs of severe illnesses
in young infants aged 0-59 days, with a particular focus
on defining a minimum set of best predictors of the
need for hospital-level care. Available moderate to high
quality evidence suggests that, among sick infants aged
0-59 days brought to a health facility, the following
clinical signs—alone or in combination—are likely to be
the most valuable in identifying infants at risk of severe
illness warranting hospital-level care: history of feeding
difficulty, history of convulsions, temperature (axillary)
>37.5°C or <35.5°C, change in level of activity, fast
breathing/respiratory rate >60 breaths per minute, severe
chest indrawing, grunting and cyanosis.

INTRODUCTION
Despite recent overall improvement in the under-
five mortality worldwide, young infant mortal-
ity remains a serious problem, accounting for an
increasing proportion of child deaths in resource-
poor countries.! > Most young infant deaths
continue to occur in homes with unwillingness,
inability or delay in care seeking precluding appro-
priate referral of severely ill infants to adequately
resourced health facilities.®> When healthcare is
sought primary and even secondary health facili-
ties (rural hospitals) in resource-poor countries
often have no specialists (such as paediatricians)
and limited or no laboratory diagnostic capabili-
ty.* In such settings, clinical decisions for appro-
priate management of severely ill infants have to
be made on the basis of presenting clinical signs
and symptoms alone. Typically health workers
providing immediate care in these settings (even
non-specialist physicians) have had as little as
2-3 weeks instruction in the care of the sick new-
born in basic training courses lasting 2—-5 years.
So which clinical symptoms and signs are the
most useful in such settings for identifying serious
illness in this vulnerable group of patients? The
current Kenyan adaptation of the World Health
Organisation (WHO) Integrated Management of
Childhood Illness (IMCI) algorithm recommends
a panel of 15 clinical signs and symptoms for the
identification of possible severe disease in infants

aged 0-59 days (ie, young infants).’ The current
panel of signs was based on the WHO multicentre
study of clinical features and causes of serious
bacterial infections in young infants.® Training
health workers to identify large numbers of signs
and then using an algorithm based on all these
signs in often busy clinics in resource-poor set-
tings may threaten feasibility of implementation.
We therefore sought to summarise the evidence
available on clinical predictors of serious illnesses
to help define a likely minimum set of signs that
would be most useful in revised Kenyan national
guidelines for the hospital care component of
IMCI named Emergency Triage, Assessment, and
Treatment plus Admission Care (ETAT+) 8 and
potentially to broader child survival programs
such as the WHO’s IMCI approach.

The clinical question addressed was: In sick
young infants aged 0-59 days brought to a health-
care worker, which clinical signs, alone or in com-
bination, are most useful atindicating the presence
of severe disease warranting referral-level care
or hospitalisation for interventions that might
include: parenteral antibiotics, parenteral fluids,
assisted feeding, oxygen therapy, etc.? In particu-
lar, our interest was to identify a minimum set of
clinical features that might best: (1) predict the
need for treatment of potentially severe infection;
(2) usefully limit the number and variety of clini-
cal indicators health workers must be aware of
that would comprise a basic, minimum standard
for knowledge, clinical assessment and manage-
ment; (3) help identify ill young infants for more
specialist review if this is available.

Our interest was not therefore to identify all the
clinical symptoms and signs that may be associ-
ated with serious illness in those aged 0-59 days.
Rather the emphasis is on those signs and symp-
toms which most efficiently and effectively iden-
tify young infants at risk of severe disease after
excluding those with prematurity, very low birth-
weight or severe jaundice. We reasoned that such
a minimum set of signs and symptoms should
form the basis of practice, in managing possible
neonatal sepsis in particular, for those with lim-
ited training or experience in young infant care if
more specialist review is not available.

METHODS

Search strategy and selection criteria

Potential articles for inclusion were identified
by direct searches of The Cochrane Library and
MEDLINE (both from inception to November
2009). MEDLINE was searched via PubMed
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clinical query filters. The searches were performed by combin-
ing MeSH (Medical Subject Headings) terms that are indicative
of acute illnesses of interest (sepsis, bacteraemia), predictive of
illness severity (signs, symptoms, clinical predictors, clinical
markers) and indicative of target age group (neonates, infants
and children). Further published and unpublished papers were
sought by screening through bibliographies of identified arti-
cles and writing to authors of identified relevant papers. No
language or time limits were applied in the search strategy.
The complete search strategy is available from the authors.

Studies were included if they reported a set of clinical signs
predictive of severe illnesses or mortality in young infants
aged 0-59 days. Studies that included children aged 60 days
and above were also considered if they also reported outcomes
for children aged less than 60 days. Studies that examined a
single disease state such as pneumonia or meningitis were not
includedinthisreview as arguably the clinical diagnosis of such
specific diagnoses represents a more specialist task. Studies on
bio-markers of severe illnesses (eg, C-reactive proteins) were
excluded given the limited laboratory capability for their
measurement in resource-poor settings. Studies conducted in
high-income countries (as defined by the World Bank®) were
excluded given the different spectrum and prevalence of severe
illnesses. Only prospective studies with consecutive patient
recruitments were considered. While a variety of definitions
of ‘severe illness episodes’ have been suggested, in this paper
severe illnesses were defined as cases warranting referral- or
hospital-level care. Both community- and outpatient-based
prospective observational studies were considered. Two
reviewers independently screened through the titles and
abstracts of identified articles, and applied the pre-defined
selection criteria to assess their eligibility. Disagreements were
resolved by discussion.

Assessment of quality of evidence

The strength of evidence—reflecting the appropriateness of
the study design to answer the clinical question, the plausi-
bility of prediction based on clinical signs, and the quality,
quantity, and consistency of evidence—was independently
assessed using the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) approach.!® The
approach classifies the quality of evidence (ie, ‘the extent
to which one can be confident that an estimate of effect or
association is correct’) into four categories: high, moderate,
low, or very low (table 1). The unique features of GRADE
include: (1) explicit, comprehensive criteria for downgrading
and upgrading quality of evidence ratings; (2) explicit evalua-
tion of the importance of outcomes and (3) clear separation of
quality of evidence from the strength of recommendations.
The GRADE evidence profiles were prepared by one reviewer
(NO) and verified independently by a second reviewer
(ME). Discrepancies in the quality ratings were resolved by
discussion.

RESULTS

Study characteristics

Overall five* 6 118 prospective observational studies
(n=17 506 infants) out of 404 identified papers were included
in this review (figure 1). All the included studies were con-
ducted in resource-poor settings: three were based in out-
patient clinics of first referral-level health facilities (basic or
rural hospitals),® 12 13 one was community-based!! while in
another both outpatient and inpatient illness episodes were
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considered.* Three studies* 6 13 evaluated clinical predictors
of severe illnesses while the remaining two'!,!? reported risk
factors for death. The mean duration of recruitment was
12 months. The characteristics of the included studies are
summarised in table 2.

In three studies,* 6 13 expert paediatrician opinion backed up
with laboratory data (eg, blood or cerebrospinal fluid culture,
chest radiography, pulse oximetry) was used as the diagnostic
reference standard for severe illness classifications. There was
however no ‘gold standard’ diagnostic reference in the remain-
ing two studies, and the reported clinical signs were evaluated
against a mortality outcome assessed by a neonatologist!! or
from review of primary healthcare workers’!? history tak-
ing and clinical examination. The quality of evidence for the
suggested restricted set of best clinical predictors of severe ill-
nesses was moderate to high (table 1).

Deriving the panel of best clinical predictors

A variety of statistical approaches were used in the individual
reports reviewed to derive the best clinical predictors of severe
illnesses and their combination (table 3). However, all used
multivariable logistic regression models to adjust for known
confounders (eg, place of study, age and weight) in attempts
to improve the internal validity of the results. However,
additional potential confounders and suppressers—such as
differences in clinician practice, referral care patterns, preva-
lence of severe illnesses, HIV, patient case-mix, or temporal
changes—were not adjusted for, and may further influence
the performance of diagnostic algorithms in routine clinical
settings. None of the derived sets of clinical signs reported in
the studies identified has been the subject of further research
to provide external validation or confirm effectiveness as has
recently been recommended as appropriate for such an area
of work.!*

Comparability of individual study results is limited by the
varied internal validation approaches used to develop the
diagnostic algorithms: in three studies* ¢ 13 cross-validation
was performed by re-calculating sensitivities and specifici-
ties (with 95% Cls) following omission of signs, one at a time,
from an existing set of independent clinical predictors. In
another study,!! the performance of the derived set of ‘any two
of seven signs’ (derivation set) was tested on a second ‘postint-
ervention’ dataset (confirmatory set). The partial adjustment
for potential confounders and the varied validation methods
could increase the chances for observing heterogeneous sets of
clinical signs. However, it should be noted that the two largest
studies® 13 derived predictors from multi-country data and in
one,'® country-specific results were also reported.

Clinical predictors of severe illnesses or death

Outlined below are results of the studies included that
attempted to identify those signs that performed best, as a set,
in terms of sensitivity and specificity (efficiency) for identify-
ing severe neonatal and young infant illness.

In the largest ever study, a WHO multi-centre (Bangladesh,
India, Pakistan, Bolivia, South Africa, Ghana) study!® on the
clinical predictors of severe illnesses in children, 3177 neo-
nates aged 0—6 days and 5712 infants aged 7-59 days brought
with acute illnesses to health facilities were enrolled. Sepsis,
pneumonia and meningitis were the most common diagnoses
requiring hospital admission in both age groups, according
to the gold-standard opinion, while those with severe jaun-
dice were specifically excluded. A single algorithm (based on
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Table 1

GRADE summary combining quality of evidence and summary of findings*

Question: What clinical signs best identify severe illness in young infants aged 0-59 days?
Settings: Primary healthcare settings in resource-poor settings
Diagnostic criteria: Clinical signs (clinical referral algorithms)

Quality assessment

Summary of findings

No of studies No of infants Design Limitations Inconsistency Indirectness Imprecision ?Rl?l;rge) &iu;lI\IE)vE) Importance

Cyanosis®

34613 13428 Observational No serious No serious No serious No serious 1.5-25.8 DODD Critical
studies limitations inconsistency indirectness imprecision HIGH

Change in level of activity*

36113 15759 Observational No serious No serious No serious No serious 1.5-15.1 el Critical
studies limitations inconsistency indirectness imprecision HIGH

Fast breathing (respiratory rate >60 bpm)

346713 13428 Observational No serious No serious No serious No serious 1.5-3.1 CEES) Critical
studies limitations inconsistency indirectness imprecision MIODERATE

Grunting

2613 12192 Observational No serious No serious No serious No serious 1.5-2.9 CCS) Critical
studies limitations inconsistency indirectness imprecision MIODERATE

History of convulsions

2613 12192 Observational No serious No serious No serious No serious 1.5-15.4 DODD Critical
studies limitations inconsistency indirectness imprecision HIGH

History of difficulty feeding

34613 13428 Observational No serious No serious No serious No serious 1.5-10.0 @®0d Critical
studies limitations inconsistency indirectness imprecision HIGH

Severe chest indrawing

4461213 13939 Observational No serious No serious No serious No serious 1.5-8.9 CeleS) Critical
studies limitations inconsistency indirectness imprecision MODERATE

Temperature (axillary) >37.5°C or <35.5°C

34613 13428 Observational No serious No serious No serious No serious 1.5-9.2 DODD Critical
studies limitations inconsistency indirectness imprecision HIGH

*Quality of evidence—the extent to which we can be confident that an estimate of effect or association is correct. The judgements are based on the: study design
(randomised vs observational studies); likelihood of bias; consistency of the results across the studies; precision (wide or narrow Cls) of overall estimates and; directness
of the evidence with respect to the populations, interventions and settings where the proposed intervention may be used

tORs of signs or symptoms calculated by multivariable analyses

*History of reduced activity, showing no spontaneous movement, stiff limbs, limps becoming limp

$Bluish or greyish discoloration of the tongue
Quality of evidence is categorised as ‘high’, ‘moderate’, ‘low’ or ‘very low’

o HIGH: Further research is very unlikely to change our confidence in the estimate of effect.

L]
L]
e VERY LOW: We are very uncertain about the estimate.
s 335
® articles (after duplicates
= removed) identified through
€ | electronic and manual searches
3 el s i 324 articles excluded on
- T _| screening titles and
¥ | abstracts electronically
z 11
S Full-text articles assessed for
=) inclusion
i} 6 articles excluded
| sl 4 Multiple publication of
- L same cohort
3 5 2 Without population of
% Studies included interest
c
Figure 1  Flow diagram of the study selection process

the prevalence of any one sign or symptom) of seven signs—-
history of difficulty feeding, history of convulsions, movement only
when stimulated, respiratory rate 260 breaths per minute (bpm),
severe chest indrawing, temperature >37.5°C or <35.5°C—had a
sensitivity of 85% and a specificity of 75% in neonates aged
0-6 days. The 7 signs also did relatively well in infants aged
7-59 days (sensitivity 74%, specificity 75%). The authors
suggested that this referral decision algorithm could be used
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MODERATE: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
LOW: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.

to predict the need for hospitalisation in all infants under
60 days of age who present to health facilities with acute
illnesses.

In one Kenyan study* of 1236 ill infants less than 60 days
presenting to a rural district hospital, the presence of at least
one of the following signs was 94% sensitive and 40% spe-
cific for severe disease (pneumonia, meningitis, prematurity,
sepsis, acute respiratory infections, skin infections, purulent
conjunctivitis) in infants aged 0-6 days: a history of feeding dif-
ficulty, breathing difficulty, cough or abnormal behaviour, fever or
indrawing. In infants aged 7-59 days, the presence of at least
one of the following signs was 97% sensitive and 56% spe-
cific for very severe disease: a history of feeding difficulty, abnor-
mal behaviour, breathing difficulty, fast breathing or indrawing,
cyanosis and a bulging fontanelle.

A re-analysis of an earlier WHO multicentre multi-country
(Ethiopia, The Gambia, Papua New Guinea, The Philippines)
study® (n = 3303 infants) found the following clinical signs to
be significantly associated (sensitivity 87 %, specificity 54%)
with severe disease in young infants less than 60 days old
presenting with bacterial infections (pneumonia, hypoxae-
mia, bacteraemia, meningitis) at hospitals or outpatient clin-
ics: reduced feeding ability, no spontaneous movement, temperature
>38.0°C, being drowsy or unconscious, a history of feeding problem
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Table 2 Characteristics of included studies

Number of Inclusion Diagnostic Common
Study Design Setting; Country infants Age range criteria Exclusion criteria  reference standard diagnoses Mortality/1000
YICSSG® Prospective, Outpatient 0-6 days: <60days Infants <60 days Well baby visits, Expert paediatrician ~ Sepsis, 0-6 days:
consecutive  Bangladesh, 3177 brought to the non-resident in study backed up with Pneumonia, Range: 0-120
India, 7-59 days: hospital or area, previous laboratory data Meningitis 7 to 60 days:
Pakistan, 5712 outpatient clinic  enrolmentin study, (eg, blood, CSF, Range: 0-70
Bolivia, with an repeat episode of chest radiography,
South Africa, acute illness same illness pulse oximetry)
Ghana Need for immediate
cardiopulmonary
resuscitation,
hospitalisation in the
previous 2 weeks
(except for delivery),
congenital
malformation
Englishetal* Prospective, Outpatient/ 1236 <60days Hospital-based  Not reported Admitting doctor Pneumonia,  0-6 days: 320
consecutive Inpatient birth cohort backed up with Meningitis, ~ 7-60 days: 70
Kenya weighing >1.5 kg simple diagnostic Prematurity,
Allinfants aged tests (full blood Sepsis,
<90 days count, blood culture, Acute
admitted to lumbar puncture, respiratory
hospital chest x-ray) infections,
Skin
infections,
Purulent
conjunctivitis
Weberetal® Prospective, Hospitals or 3303 <60days Infants <91 days Infants with Expert paediatrician Pneumonia,  0-59 days: 59
consecutive  outpatient clinics with possible congenital heart backed up with Hypoxaemia,
Ethiopia, acute infections  disease and laboratory data (eg, Bacteremia,
The Gambia, hypoxemia blood culture, chest  Meningitis
Papua New radiograph, lumbar
Guinea, The puncture, pulse
Philippines oximetry)
Dukeet a2 Prospective, Outpatient clinic 511 <60 days Allsick young Not reported Mortality Neonatal 0-59 days:
consecutive  Papua New infants presenting outcome following  sepsis, 59.8
Guinea to rural health areview of primary  Pneumonia,
centres healthcare workers’ Malaria
history taking and
clinical examination
Banget a/"! Prospective, Community 3567 <28days All neonates Not reported Mortality outcome  ‘Sepsis” 0-28 days: 51.2
consecutive  India born in study judged by a (defined
villages neonatologist as due as sepsis,
to sepsis meningitis,
pneumonia)

CSF, cerebrospinal fluid, YICSSG, Young Infants Clinical Signs Study Group.

or change in activity, agitation, lower chest wall indrawing, respiratory
rate >60 bym, grunting, cyanosis, convulsions, bulging fontanelle and
slow digital capillary refill.

In one multi-site (single country) study!? of 511 infants
less than 60 days of age presenting to rural health centres in
Papua New Guinea, the following signs were associated with
an increased risk of death: inability to feed, fast respiratory rate
(fast breathing), apnea, cyanosis, ‘too small’, ‘skin-cold” and severe
abdominal distension. The most common diagnoses included
neonatal sepsis, pneumonia and malaria. The authors con-
cluded that the above signs could be used as triggers for emer-
gency care, longer observation or urgent referral.

Finally, in one field study'! of 3567 neonates aged less than
28 days in India, simultaneous presence of any two of the fol-
lowing seven clinical signs predicted death from sepsis with a
100% sensitivity and 92% specificity: reduced or stopped sucking,
weak or no cry, limbs becoming limp, vomiting or abdominal distension,
baby cold 10 touch, severe chest indrawing and umbilical infection. The
authors concluded that these criteria can be used by health
workers to select sick neonates for treatment or referral.

Taken together, and based on the overlap of study results
and the consistency of performance of clinical symptoms and
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signs in identifying severe illness, moderate to high quality
evidence (table 1 and 4) suggest that the following eight clini-
cal signs—based on their strengths of associations (ORs) with
severe illnesses, prevalence in the enrolled infants in the pri-
mary studies, and ease of clinical recognition—are likely to
be the most valuable in predicting severe illnesses in young
infants presenting at primary healthcare facilities: history
of feeding difficulty, history of convulsions, temperature (axillary)
237.5°C or <35.5°C, change in level of activity, fast breathing/respira-
tory rate 260 bpm, severe chest indrawing, grunting and cyanosis. A
suggested more sensitive alternative to cyanosis, and which
has been shown to be strongly associated with mortality
would be hypoxaemia—economically and reliably diagnosed
using pulse oximetry.1 16

DISCUSSION

Interpretation of findings

This review set out to define a set of simple best clinical
predictors of severe illnesses in infants aged 0-59 days. The
limited set of clinical signs for which extensive evidence sup-
porting their value exists were reported to have high sensitiv-
ity (indicating that they were less likely to miss severe illness
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Table 3 Deriving best clinical predictors of severe illnesses

Study Analytical strategy

Bang et al"!
rule of any two of a set of six signs.

The sensitivity and specificity of 16 signs significantly associated with sepsis death (lower 95% Cl of ORs>1 were calculated to identify a prediction

The best set of ‘any two of seven criteria’ (100% sensitivity, 92% specificity) was subsequently selected by sequentially adding signs of the respiratory

system*, one at a time, to previously selected six signs.
Duke et a/'2

Clinical signs associated with death were identified using univariate logistic regression ORs (<0.05).

A panel of four independent clinical predictors of death (ORs 3.6 to 6.2) was identified by multivariate logistic regression analyses using independent

predictors that were present in one third or more of the deaths.
Signs significantly associated with very severe iliness were identified by univariate ORs —calculated using logistic regression that took account of likely

English et al*
collinearityt between signs.

Panel of best clinical predictors (0—6 days: 94% sensitivity, 40% specificity; 7-59 days: 97% sensitivity, 56% specificity) was subsequently derived by
subjecting the identified independent predictors to multiple multivariate logistic regressions.

Weber et al®

A set of independent predictors (ORs>2.5) identified (by univariate logistic regression analyses) from an expert selected panel of candidate signs.

The final set of best clinical predictors (87% sensitivity, 54% specificity) was subsequently derived from multivariate analyses of several combinations

of independent predictors of severe illnesses.
YICSSG'

A panel of 12 independent clinical predictors of the need for urgent hospital care was identified by univariate logistic regressions.

A further reduction of the list to seven signs (ORs 2.7-15.4, p<0.05) was made on the basis of low prevalence of some signs and negligible change in
sensitivity (calculated by random-effects meta-analysis®) if they were omitted.

*Respiratory rate >60 breaths per minute, chest indrawing and grunting
tSigns with similar ORs

*\Weights studies more equally/yields more conservative estimates
YICSSG, Young Infants Clinical Signs Study Group.

episodes) and reasonable specificity (indicating that they were
likely to reduce unnecessary hospitalisation or referral). These
symptoms and signs were supported by data from large pro-
spective observational studies conducted in resource-limited
healthcare settings. Such settings are likely to reflect typical
busy clinical situations in many resource-poor country health
facilities with limited laboratory diagnostic facilities and high
health worker workloads.

The eight identified symptoms and signs—history of feed-
ing difficulty, history of convulsions, temperature (axillary)
237.5°C or <35.5°C, change in level of activity, fast breathing/
respiratory rate =60 bpm, severe chest indrawing, grunting
and cyanosis—are therefore probably the most appropriate to
employ as a basic, minimum standard for knowledge, clinical
assessment and management for health workers with limited
training or experience in the care of sick newborns or young
infants working in rural primary healthcare settings or emer-
gency outpatient clinics of district hospitals in resource-poor
countries. Presence of any one of these danger signs should
prompt health workers with only basic training to initiate
treatment for serious illness until an early opinion or review is
available from a health worker with a higher level of training
or experience.

Such an approach prioritises sensitivity (not missing a
true serious illness) at the expense of specificity (restricting
treatment of those without serious illness) in a population of
vulnerable patients. Thus, it should be remembered that the
presence of any one of the clinical danger signs does not pro-
vide a reliable clinical diagnosis but rather a reasonable basis
for initiating empiric treatment. Such an approach is justified
given the high mortality in the neonatal period (which has
been documented to be 40% of all under-five child deaths
globally, with 99% in resource-poor countries!) and the lim-
ited training and skills of qualified health workers with only
basic training who comprise the majority of those caring for
patients even at hospital levels. It should however be remem-
bered that these referral/empiric treatment criteria are not
necessarily applicable to illness episodes for presentations
with the primary problems of jaundice (since severity would
depend on the level of hyperbilirubinemia), birth asphyxia or
prematurity.
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The focus of this review was specifically on identifying
a minimum set of signs and symptoms that health workers
should be able to identify with the goal of efficiently initiat-
ing empiric treatment or specialist referral. Clinical features
that do not necessarily improve the sensitivity and specificity
of this set may nonetheless be strongly associated with the
outcome of serious illness (table 5). Although studies varied
in the range of signs and symptoms examined, in univariate
analyses, at least two studies indicated strong associations
between serious illness and signs that are perhaps worthy of
further evaluation. Pallor, slow capillary refilling and a bulging
fontanelle may be indicative of either specific but uncommon
pathologies and/or the need for specific interventions that go
beyond standard empiric antibiotics, provision of oxygen and
feeding support.

In this review, the use of the GRADE approach added sci-
entific rigor to the process of compiling and rating the quality
of evidence. Our experience suggests that it is feasible to use
GRADE even for evaluations of diagnostic/screening interven-
tions. However, a number of challenges remain, particularly
regarding assessment of the: (1) range of baseline (control) risks
(a useful measure of the typical burden of outcomes)—as these
remain largely under-reported in diagnostic observational
studies and; (2) likelihood of publication (reporting) bias given
the heterogeneous reporting of diagnostic outcome data.

Limitations of summarised evidence

First, a limited number of well-conducted studies (N=5)
were available for inclusion in this review and the hetero-
geneous nature of available outcome data made it impos-
sible to statistically assess the influence of publication bias
on the results. However, the five studies enrolled (consecu-
tively) a large number of infants (N=17 506), and the current
results would therefore be expected to be robust to inclu-
sions of any un-retrieved eligible published or unpublished
studies. Second, the main aim of clinical algorithms is to
identify severe illness so that appropriate treatment is initi-
ated promptly; clinical predictors of death (reported in two
studies) may therefore be of limited value—as they indicate
advanced stages of disease during which treatment may be
less likely to work. Finally, the lack of prospective studies
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Table 4 Independent clinical predictors of severe illness in young infants*
Bang et al'! Duke et al™? English et al* Englishetal*  Weberetal®  YICSSG'3
0-28 days 0-59 days 0-6 days 7-59 days 0-60 days 0-6 days ORs (range)

Feeding

History of difficult feeding - - 7.3(3.1-16.8) 2.8(2.6-5.0) >1.5 10.0 (6.9-14.5)  1.5-10.0

Reduced feeding ability - SP - - >1.5 - 1.5-7.4

Sucking weak, reduced or stopped 79(1.8-34.2) - - - - - 1.9
Activity

History of change in level of activity - - - - >15 - 1.5

Lethargy - - - - - 3.5(1.7-1.1) 35

Limps becoming limp 3.3(0.9-12.0) - - - - - 3.3

Movement only when stimulated - - - - - 6.9 (3.0-15.5) 6.9

No spontaneous movement - - - - >15 - 1.5

Stiff limbs - - - - - 15.1(2.2-105.9) 15.1
Respiratory

Apnea - 4.2 (1.1-15.4) - - - - 4.2

Cough - 0.1(0.02-0.5) - 0.1

Difficulty breathing - - 2.1(1.0-2.6) 1.8 (0.9-3.5) - - 1.8-2.1

Fast breathing - - - 3.1(1.8-5.3) - - 3.1

Grunting - - - - >1.5 2.9 (1.1-1.5) 1.5-2.9

Severe (deep) lower chest indrawing - 3.6(0.94-13.9) 3.0(1.1-8.2) 2.4 (1.3-4.7) >1.5 8.9(4.0-20.1) 1.5-8.9

Respiratory rate >60 breaths per minute - - - - >15 2.7(1.9-3.8) 1.5-2.7
Skin

Cyanosis - - - 25.8(1.9-354) >15 13.7(1.6-116.5)  1.5-13.7

Prolonged capillary refill - - - - >1.5 10.5 (5.1-21.7) 1.5-10.5

'Skin cold’ (‘baby cold to touch’) 3.5(1.0-12.4) 6.2(1.5-26.6) - - - - 3.5-6.2

Temperature <35.5°C - - - - - 9.2 (4.6-18.6) 9.2

Temperature (axillary) >37.5°C - - 3.2(1.7-6.3) - >1.5 3.4(2.4-4.9) 1.5-3.4
Conscious state

Conscious state agitated - - - - >1.5 - 1.5

Unconscious or drowsy - - - - >1.5 - 1.5
Others

Abnormal behaviour - - 2.4 (1.2-4.6) 3.1(1.7-5.6) - - 2.4-31

Bulging fontanelle - - - 1.9 (3.0-39.9) >15 - 1.5-1.9

Cry abnormal, weak, or stopped 14.3 (3.9-52.1) - - - - - 14.3

History of convulsions - - - - >1.5 15.4 (6.4-37.2) 15.4

Severe abdominal distension / vomiting 6.8 (1.7-27.2) - - - - - 6.8

OR not reported; (p<0.001)
*Values are multivariate ORs with 95% Cls
TStudies reporting predictors (risk factors) for death

*Panel of best clinical predictors had comparable sensitivities and specificities in 0-6 days and 7-59 days age groups

SP, significant predictor; YICSSG, Young Infants Clinical Signs Study Group.

confirming clinical effectiveness of the referral algorithms
after implementation has also previously been noted.

In our narrative summary of study findings variation in the
strengths of association (ORs) of specific signs and symptoms
and serious illness was apparent. A possible explanation for
the differences in the magnitude of ORs could be differences
in the spectrum (case-mix or co-morbidities) and prevalence
of illness episodes—for example, studies may vary in the pro-
portion of cases that are meningitis or include a larger subset
of severely ill infants (manifest as a higher death rate). Where
populations studied vary, likelihood ratios!’—which are more
robust to changes in disease prevalence compared to sensitiv-
ity and specificity, and that were computed in only 1 study®—
might have yielded more rigorous estimates of the association
of clinical signs with severe illnesses. Another possible expla-
nation for the differences in the ORs could be differences in
the ‘gold standard’ criteria for verification of severe illness
(ie, likelihood of ‘reference standard misclassification’)—for
example, clinical signs such as cyanosis may be detected and
interpreted more accurately in studies where the reference
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standard was an experienced neonatologist assisted by pulse
oximetry. These factors may explain the relatively higher
ORs reported in the largest multi-centre study.!3

None of the included studies considered the cost-benefit
implications of reported clinical referral algorithms compared
to alternative diagnostic strategies—such as illness severity
scoring algorithms (eg, the Baby Check'®) or rapid point-of-
care laboratory bio-markers of illness severity (eg, C-reactive
proteins!”). However, use of the minimum subset of signs
and symptoms represents a refinement of the currently larger
set of fifteen signs recommended in Kenyan IMCI guidelines
(table 6)° and might be expected to be implemented more eas-
ily and efficiently. The suggested panel of eight signs of severe
illness includes all the six signs recommended in the revised
WHO IMCI guidelines (table 6).2°

Implications for practice and policy

The set of diagnostic features proposed as a basic algorithm
for initiating referral/empiric treatment should be feasible to
implement as part of revised IMCI strategy including those
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aimed at first referral level facilities staffed by health workers
with only basic training. To promote adherence and improve
the diagnostic value of the algorithm, we suggest: (1) concur-
rentimplementation and scaling up of community-based inter-
vention strategies aimed at improving early healthcare seeking
behaviour for any of the suggested best predictors of severe
illnesses, for example, through danger-signs sensitisation-

Table 5 Significant predictors* of severe illnesses in univariate analyses

health education for families! and; (2) preservice and inser-
vice (refresher) training for health workers on recognition
and interpretation of the suggested danger signs (given their
subtle nature of presentation and the low prevalence of severe
young infant illnesses). Such measures should ideally be linked
to efforts to improve empiric treatment, supportive care and
access to healthcare providers with higher levels of training.

Bang et al"! Duke et al™? Englishetal®*  English et al* Weber etal®  YICSSG 2008* '3 YICSSG 2008*'3

0-28 days 0-59 days 0-6 days 7-59 days 0-60 days 0-6 days
Abdominal distension - - - - - 4.6(2.2-9.7) -
Abnormal movements - - 4.5(2.6-1.6) 3.3(2.0-5.6) - - -
Bulging fontanelle - 18.7 (2.5-141.8) 2.8(0.3-32.00 - - 5.6 (1.8-18.0) 9.6 (3.1-29.9)
Chest indrawing - 3.7(1.4-9.9) - - - - -
Consolability: continues to - - - - 2.9t0 4.0 - -
cry/fuss
Cyanosis - - 2.4 (1.0-5.6) - - 35.0(10.0-122.7) 7.1(2.5-20.3)
Drowsy / unconscious 40.2 (14.0-116.6) - - - - -
Grunting 7.0(2.6-18.7) - - 2.4(1.3-4.8) - 12.6 (4.1-38.7) 9.7 (5.4-17.4)
History of blood in stool - - - - - - 6.1(2.2-16.9)
History of change in crying - - - - 1.9 (1.4-2.7) - -
History of cough - - - - 1.5 (1.1-2.0) - -
History of diarrhoea - - - - - - 1.5(1.1-2.2)
History of fever - - - - - 2.4(1.8-3.2) 2.9(2.3-3.7)
History of no cry at birth - - - - - 2.6 (1.3-5.4) -
Hypothermia® - 5.3(1.5-18.8) - - - - -
Lethargic - - 3.1(1.8-5.3) 2.6 (1.5-4.3) - 20.5(13.8-30.5) 24.0(15.6-36.9)
Nasal flaring - - 2.2(1.0-4.9) 3.0(1.9-4.8) - 15.7 (5.7-43.1) 14.8 (7.8-28.2)
Pallor - 375(3.2-436.8)  2.8(0.3-31.8)  16.4(3.4-78.0) -
Prolonged capillary refill - - - - - 12.1 (5.2-28.3) 31.6 (11.8-84.3)
Reduced skin turgor - - - - - 3.7(2.2-6.2) 15.7 (6.6-37.4)
Restless and irritable - - - - - 7.2 (2.4-21.3) 13.9 (6.8-28.3)
Stiff limbs - - - - - 44.9 (10.7-188.2) 7.8(2.1-29.2)
Sunken eyes - - - - - - 11.5 (3.7-35.6)
Temperature (axillary) 35.0°C 11.5 (4.5-30.0) - - - - - -
Unconscious - - 5.0 (1.7-14.3) 3.9(1.6-9.6) - - -

*Signs significantly associated with severe illnesses (p values <0.05) not included in final multivariable models; Numbers are univariate ORs with 95% Cls

TAxillary temperature<36.0°C

*Range of ORs for association with severe disease (sepsis, meningitis or hypoxemia)

YICSSG - Young Infants Clinical Signs Study Group.

Table 6 Comparison of current Kenyan IMCI referral criteria, revised WHO criteria and proposed criteria based on studies included in this review

Current Kenyan IMCI referral criteria®

Revised WHO IMCI referral criteria2®

Proposed referral criteria based on studies included
in this review 4611-13

Not able to feed or breastfeed
Convulsions or convulsing now
Fast breathing (60 bpm or more)
Severe chest indrawing

Fever (>37.5°C* or feels hot) or low body temperature
(<35.5°C* or feels cold)

No movements even when stimulated
Grunting or wheezing

Central cyanosis

Gasping

Not breathing at all even when stimulated
Respiratory rate less than 20 bpm

Nasal flaring

Bulging fontanelle

Pus draining from the ear

Drowsy (lethargic) or unconscious

Not feeding well

Convulsions

Fast breathing (60 bpm or more)

Severe chest indrawing

Fever (>37.5°C*) or low body temperature (<35.5°C*)

Movement only when stimulated or no movement at all

History of feeding difficulty
History of convulsions

Fast breathing (respiratory rate >60 bpm)
Severe chest indrawing
Temperature (axillary) >37.5°C or <35.5°C

Change in level of activity
Grunting
Cyanosis

*Axillary temperature
bpm, breaths per minute.
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Implications for future research

The findings of this review have a number of important impli-
cations for future research. First, we suggest further large
observational validation studies to confirm the effective-
ness of the proposed minimum set of eight clinical signs and
symptoms in routine practice. Second, we suggest research
should examine the approach’s diagnostic performance
among HIV-infected infants.?! Finally, improvements to this
clinical approach, possibly by combining it with bio-markers
of severe illness, should be examined.

CONCLUSION

The findings of this review suggest that, among sick infants
aged 0-59 days, brought to a healthcare worker with only
basic training, the following clinical signs—alone or in com-
bination—indicate severe illness warranting referral or hos-
pitalisation and empiric treatment in the absence of a senior
opinion: history of feeding difficulty, history of convulsions, tempera-
ture (axillary) >37.5°C or <35.5°C, change in level of activity, fast
breathing/respiratory rate 260 bym, severe chest indrawing, grunting,
and cyanosis. Focusing only on health worker triaging skills
without addressing the barriers to healthcare seeking may
limit the impact on mortality of the referral algorithm—hence
the need for concurrent implementation of interventions to
improve care-seeking.
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