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Abstract
Objective—As the proportion of children living low malaria transmission areas in sub-Saharan
Africa increases, approaches for identifying non-malarial severe illness need to be evaluated to
improve child outcomes.

Design—As a prospective cohort study, we identified febrile paediatric inpatients, recorded data
using Integrated Management of Childhood Illness (IMCI) criteria, and collected diagnostic
specimens.

Setting—Tertiary referral centre, northern Tanzania.

Results—Of 466 participants with known outcome, median age was 1.4 years (range 2 months–
13.0 years), 200 (42.9%) were female, 11 (2.4%) had malaria and 34 (7.3%) died. Inpatient death
was associated with: Capillary refill >3 s (OR 9.0, 95% CI 3.0 to 26.7), inability to breastfeed or
drink (OR 8.9, 95% CI 4.0 to 19.6), stiff neck (OR 7.0, 95% CI 2.8 to 17.6), lethargy (OR 5.2,
95% CI 2.5 to 10.6), skin pinch >2 s (OR 4.8, 95% CI 1.9 to 12.3), respiratory difficulty (OR 4.0,
95% CI 1.9 to 8.2), generalised lymphadenopathy (OR 3.6, 95% CI 1.6 to 8.3) and oral candidiasis
(OR 3.4, 95% CI 1.4 to 8.3). BCS <5 (OR 27.2, p<0.001) and severe wasting (OR 6.9, p<0.001)
were independently associated with inpatient death.
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Conclusions—In a low malaria transmission setting, IMCI criteria performed well for
predicting inpatient death from non-malarial illness. Laboratory results were not as useful in
predicting death, underscoring the importance of clinical examination in assessing prognosis.
Healthcare workers should consider local malaria epidemiology as malaria over-diagnosis in
children may delay potentially life-saving interventions in areas where malaria is uncommon.

INTRODUCTION
An estimated 7.6 million children <5 years of age died in 2010. In sub-Saharan Africa, one
out of every eight children died before the age of 5 years.1 Many child mortality studies in
sub-Saharan Africa have been performed in areas highly endemic for malaria.2–7 However,
as interventions to combat malaria are increasingly implemented, there have been associated
declines in disease.8 If such declines continue, a growing proportion of sick children in sub-
Saharan Africa will be managed in areas where malaria is uncommon.

Previous studies have shown that the majority of inpatient child deaths occur shortly after
admission.379–11 To avert inpatient death, clinicians must quickly identify and respond to
clinical signs associated with adverse outcomes. Implementation of a formal triage
programme has been shown to reduce child mortality in a low-resource setting.12 Previous
child mortality studies have focused on specific disease processes,13–19 children under the
age of 5 years2–4131520–25 and rural settings.2620212425 Studies that comprehensively
examine child death are needed to improve the approach to triage.

We aimed to evaluate the performance of the Integrated Management of Childhood Illness
(IMCI) criteria26 to predict adverse outcomes among paediatric admissions in an area of low
malaria intensity. As acute febrile illness is a common reason for hospitalisation and death
among African children,27 we studied children presenting with febrile illness at a consultant
referral hospital in northern Tanzania.

METHODS
Setting

The study was conducted in Moshi (population >144 000), the administrative centre of the
Kilimanjaro Region (population >1.4 million) and an area of low malaria transmission
intensity.28 Participants were recruited from Kilimanjaro Christian Medical Centre
(KCMC), a consultant referral hospital serving several regions in northern Tanzania.
Detailed methods for the parent study have been published elsewhere.29

Study population
In brief, participants were prospectively identified among consecutive admissions of
paediatric inpatients at KCMC from 17 September 2007 through 25 August 2008. Admitted
patients aged ≥2 months to <13 years with a history of fever in the past 48 h or an axillary
temperature of ≥37.5°C or a rectal temperature of ≥38.0°C were eligible to participate.
Sample size was determined by the parent study.29

Study procedures
Enrolment of participants was performed as soon as possible and prior to administration of
antimicrobial therapy. A standardised clinical history and physical examination capturing
IMCI criteria were performed by a trained clinical officer who was a member of the study
team. Assays were performed in a laboratory operating to good clinical laboratory practices
standards. Blood was drawn for aerobic blood culture (4 ml), complete blood count and
differential, blood parasites and HIV antibody testing.30 Thick and thin blood films stained
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with Giemsa were examined for blood parasites by oil immersion microscopy. Parasite
density was determined by standard methods.31 For HIV seropositive infants aged <18
months, confirmatory testing with HIV-1 RNA PCR was performed.3233 Data collection was
standardised regardless of hospital outcome.

Clinical definitions
A Blantyre coma score (BCS) of ≤2 defined coma.3435 Signs of respiratory difficulty
included nasal flaring, respiratory grunting or chest indrawing. Abnormal breath sounds
were defined as wheezing or crepitations on auscultation. Severe malnutrition was defined
as mid-upper arm circumference (MUAC) <115 mm or weight-for-height z score (WHZ) <
−3 in ages ≥6 to <60 months, body mass index-for-age z score <−3 in ages ≥60 months, or
bilateral pitting oedema.263637 Hypoglycaemia and severe anaemia were defined according
to IMCI guidelines.26 Clinical syndromes were based on the IMCI diagnostic guidelines and
incorporated for those factors evaluated during data collection.26 Typhoid fever was defined
as IMCI-defined septicaemia and fever for >7 days.26

Statistical analysis
All statistical tests were performed at the 5% level of significance (two-sided) using JMP
software 8.0.2 (SAS, Cary, North Carolina, USA). Analysis was restricted to study
participants with known hospital outcome, death or discharge. Missing data were not
included in the analysis and did not impact our findings to the best of our knowledge.

WHO AnthroPlus V.1.0.4 (WHO, Geneva, Switzerland) was used to calculate age and
malnutrition parameters except weight-for-height. Distance from residence to KCMC was
calculated using gvSIG, a geographic information system (Regional Ministry of
Infrastructure and Transport of Valencia, Valencia, Spain) for previously mapped village
locations.

The performance of IMCI guidelines to predict adverse outcomes was assessed. For binary
data, Pearson’s χ2 test or Fisher’s exact test (two-tailed) was performed.38 ORs and 95%
CIs were calculated. For continuous responses, a two-tailed t test was performed for
approximated normal distributions and Wilcoxon rank sum tests for non-parametric data.
Outliers were eliminated using standard techniques39 except malnutrition parameters from
WHO AnthroPlus which were eliminated using WHO-defined ranges.

A multivariable logistic regression analysis was performed. Sex, age and factors
significantly associated with inpatient death in bivariable analysis that were assessed at
admission, included >95% participants, and were not repetitive with another factor, were
included in multivariable analysis. A Bonferroni correction, p<0.05 and k=20, was made to
further select variables to be entered into the multivariable model.40 Any factors that
remained statistically significant (p<0.05) were included in the final model.

Standard measures of test validity including sensitivity (SN), specificity (SP), positive
likelihood ratio (LR+) and positive predictive value (PPV) were performed for those factors
in the multivariate model and for certain IMCI clinical syndromes.

Research ethics
The study was approved by the KCMC Research Ethics Committee, the Tanzania National
Institute for Medical Research Ethics Coordinating Committee and an Institutional Review
Board of Duke University Medical Center.
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RESULTS
Over the study period, 1154 patients admitted to the paediatric services of KCMC were
screened and 644 (55.8%) met eligibility criteria. Of 467 enrolled patients, one patient with
unknown hospital outcome was excluded from analysis. Median (range) time from
admission to initial assessment was 13.0 (0.0–36.5) h, IQR 1.0–18.5 h and mean of 11.1 h.
Of 466 remaining participants, 34 (7.3%) died during admission. Median (range) age was
1.4 years (2 months–13 years) and 200 (42.9%) were female. Median (range) distance to
residence from KCMC was 5 (0.6–262) km. Sixty (13.2%) participants were HIV-infected,
11 (2.4%) had positive malaria films and 17 (3.7%) had a bloodstream infection diagnosed
by blood culture (table 1).

Demographic and clinical characteristics associated with in-hospital death
Table 1 shows the results of bivariable analysis of sociodemographic and clinical
characteristics among those who did and did not die during the inpatient period. Death was
more likely among participants presenting with fever of >7 days’ duration (OR 3.8,
p<0.001), those with history of difficulty breathing on admission (OR 5.9, p<0.001) and
those referred from another inpatient facility (OR 2.5, p=0.010). History of antibacterial use,
antimalarial use, diarrhoeal disease, vomiting and cough were not associated with inpatient
death (table 1).

Among physical examination findings, death was more likely among participants presenting
with inability to sit for those aged >9 months (OR 22.7, p<0.001), central cyanosis (OR
20.6, p=0.003), deep breathing (OR 19.0, p<0.001), capillary refill >3 s (OR 9.0, p<0.001),
inability to breastfeed or drink (OR 8.9, p<0.001), stiff neck (OR 7.0, p<0.001), lethargy
(OR 5.2, p<0.001), skin pinch >2 s (OR 4.8, p<0.001) and respiratory difficulty (OR 4.0,
p<0.001). A BCS <5 was present in 15 (44.1%) participants who died compared with 14
(3.3%) discharged alive (OR 23.2, p<0.001). Other physical examination findings associated
with inpatient death are shown in table 1. No patient who died had a positive malaria smear.
Participants with severe anaemia (OR 5.3, p<0.0001) were more likely to die. Twenty
(48.8%) of 41 participants with severe anaemia also had severe pallor. HIV infection,
bloodstream infection and hypoglycaemia were not associated with hospital outcome (table
1).

Malnutrition
Participants who died in the hospital were more likely to exhibit visible severe wasting (OR
4.9, p<0.001) and a low weight-for-age z score (WAZ) (p=0.014). Severe malnutrition was
identified among 97 (27%) of 338 participants but was not associated with inpatient death
(OR 1.3, p=0.624) (table 1). Twenty-four (26.1%) of 92 participants with severe
malnutrition also exhibited visible severe wasting.

Performance of IMCI criteria and admission diagnoses in predicting adverse outcomes
Table 2 shows the results of bivariable analysis of IMCI-defined syndromes and hospital
outcome for those aged ≥2 to <60 months. Those who died were more likely to present with
≥1 IMCI danger sign (LR+ 2.08, SN 0.72, SP 0.65, PPV 0.15), with increasing likelihood of
dying with ≥2 danger signs (LR+ 6.11, SN 0.52, SP 0.92, PPV 0.33) and ≥3 danger signs
(LR+ 10.63, SN 0.98, SP 0.18, PPV 0.45). The presence of IMCI-defined septicaemia was
associated with inpatient death (OR 3.0, p=0.003) but was not predictive of positive blood
culture (LR+ 0.86, SN 0.27, SP 0.69, PPV 0.03). Participants meeting clinical criteria for
typhoid fever were more likely to die (OR 6.0, p<0.001), but this did not identify the two
participants with Salmonella typhi bloodstream infection. No participants with IMCI-
defined non-severe malaria died (OR undefined, p=1.00). Of three participants meeting
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criteria for non-severe malaria, all three (100%) had a positive malaria smear (LR+ infinity
(division by zero), SN 0.38, SP 1.00, PPV 1.00). Of 11 participants with ≥3 severe malaria
predictors, three (27.3%) had a positive malaria blood smear (LR+ 0.34, SN 0.33, SP 0.02,
PPV 0.27). The presence of ≥4 severe malaria predictors identified one of nine positive
malaria smears (LR+ 13.72, SN 0.11, SP 0.99, PPV 0.25). There were no deaths with
laboratory-confirmed typhoid fever or malaria as described previously.29 Other clinical
syndromes associated with death during admission are presented in table 2. Of 78
participants aged ≥60 months, four (5.1%) died, accounting for 11.8% of deaths; there was
no association between IMCI syndromes and death in this age group.

Malaria and pneumonia were diagnosed clinically on admission in 274 (58.8%) and 232
(49.8%) participants, respectively. Admission diagnoses of malaria, pneumonia, typhoid
fever and septicaemia were not associated with inpatient death.

Multivariable analysis
BCS <5 (OR 27.2, p<0.001) and visible severe wasting (OR 6.9, p<0.001) were
independently associated with inpatient death. Presentation with one or more of these factors
predicted 24 (70.6%) participants who died (LR+ 6.33, SN 0.71, SP 0.89, PPV 0.34).

Days spent in hospital and inpatient death
Inpatient death was associated with a shorter hospital stay (OR 6.5, p<0.001) with a median
(range) of 4 (0–31) days for those who died in-hospital and 7 (1–99) days for those
discharged alive. Participants who died were more likely to spend ≤2 days in the hospital
compared to those discharged alive, who were more likely to spend >2 days (OR 6.5,
p<0.001).

DISCUSSION
IMCI clinical signs and syndromes performed well for predicting inpatient death in a low
malaria transmission setting. These findings suggest clinical signs often associated with
malaria in high transmission areas are indicative of severe non-malarial illnesses in areas
where malaria is uncommon. Given that children often present at a healthcare facility before
death2541 and often die soon after admission,379–11 identifying those at high risk for death
and focusing on this group for immediate use of potentially life-saving interventions is
essential. To avert inpatient death, healthcare workers should utilise IMCI criteria along
with malaria testing to prevent malaria over-diagnosis and to prevent delayed recognition of
severe non-malarial illnesses in areas where malaria is uncommon.

Signs of respiratory distress and abnormal mental status have been associated with child
death in areas of high malaria transmission.57102042 We have shown these signs are also
important in non-malaria endemic areas. Presentation with BCS <5 or severe wasting
identified 71% of children who died of non-malaria illness in an area where malaria is
uncommon. IMCI-defined syndromes effectively predicted inpatient death in children aged
≥2 to <60 months, but were poorly predictive of laboratory diagnoses, suggesting these
syndromes may be useful to identify a child at risk for an adverse outcome but less useful to
guide more specific diagnosis and treatment. Besides severe anaemia, laboratory diagnoses
did not predict inpatient death. We demonstrate the importance of considering non-malaria
causes of anaemia. Despite enhanced laboratory diagnostics, many deaths were not
explained with microbiological evaluations, underscoring the importance of clinical
evaluation.29 Our findings support a prior study that showed a subset of clinical signs may
be useful to predict risk of inpatient death.10
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We confirmed that a low WAZ, a measure that does not differentiate chronic from acute
malnutrition,264344 is a risk factor for child death.214445 The prevalence of severe acute
malnutrition was high but not associated with increased risk for death. HIV-infected
participants were more likely to be mal-nourished. Although visible severe wasting was
independently associated with death, this accounted for only a quarter of participants with
severe malnutrition by anthropometric measurements, suggesting that healthcare workers
identified only a subset of malnourished children and should not rely on observation of
severe wasting alone.

Our study confirmed that sub-Saharan African children who die in-hospital often die soon
after admission.379–11 While the majority of deaths in prior studies occurred within 48 h of
admission, the median time to death was 4 days in our study. Many of these prior studies
were in rural district hospitals with high malaria transmission rates. A subset of severely ill
children may have died before reaching our referral centre. Our findings confirm the narrow
window for life-saving interventions for a sick child presenting to a healthcare facility.

Our study had several limitations. There is a possible selection bias as mean time from
admission to initial assessment was 11.1 h with a median of 13.0 h, potentially missing
severely ill children who died very soon after admission. Our study was conducted in a
consultant referral hospital, limiting generalisability to other healthcare facilities. Although
we demonstrated IMCI criteria performed well in predicting inpatient death, they were not
developed for this purpose. Having a control group in a high malaria transmission setting
would have strengthened our study. A larger number of children in the ≥60-month age group
would have made our study more comprehensive and robust. Although a large number of
potential predictors of inpatient death were examined, we used a Bonferroni correction to
mitigate the effect of multiple comparisons.40

In an area of low malaria transmission, IMCI clinical signs and syndromes helped to identify
children at risk for adverse outcomes and are valuable regardless of local malaria
epidemiology. Since no participant who died in our study had malaria, IMCI signs predicted
outcomes for severe non-malarial illnesses. Although malaria was often clinically
diagnosed, few were confirmed positive by malaria smear. Inappropriate focus on malaria in
a low transmission setting may delay recognition and management of severe non-malarial
illnesses. As areas of low malaria transmission are likely to expand,8 identifying clinical
danger signs and improving algorithms to rapidly triage a child according to risk of death in
these settings may further reduce child mortality.

Acknowledgments
The authors thank Ahaz T Kulanga, MBA, for providing administrative support to this study and Pilli M Chambo,
Beata V Kyara, Beatus A Massawe, Anna D Mtei, Godfrey S Mushi, Lillian E Ngowi, Flora M Nkya and Winfrida
H Shirima for reviewing and enrolling study participants. We are grateful to the leadership, clinicians and patients
of KCMC for their contributions to this research. We thank Frank Mtei for calculating residence distances from
KCMC. We acknowledge the Hubert-Yeargan Center for Global Health at Duke University for critical
infrastructure support for the Kilimanjaro Christian Medical Centre–Duke University Collaboration.

Funding This research was supported by an International Studies on AIDS Associated Co-infections (ISAAC)
award, a USA National Institutes of Health (NIH) funded programme (U01 AI062563). Authors received support
from NIH awards ISAAC (HOR, LJM, BNN, GDK, JAC), AIDS International Training and Research Programme
D43 PA-03-018 (HOR, BNN, GDK, JAC), the Duke Clinical Trials Unit and Clinical Research Sites U01
AI069484 (GDK, JAC), the Center for HIV/AIDS Vaccine Immunology U01 AI067854 ( JAC) and the Duke
Global Health Institute (DCC). This research was supported in part by the International Maternal Pediatric
Adolescent AIDS Clinical Trials Group (IMPAACT). Overall support for IMPAACT was provided by the National
Institute of Allergy and Infectious Diseases (NIAID) (U01 AI068632), the Eunice Kennedy Shriver National
Institute of Child Health and Human Development (NICHD) and the National Institute of Mental Health (NIMH)
(AI068632).

Clifton et al. Page 6

Arch Dis Child. Author manuscript; available in PMC 2012 November 28.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



References
1. United Nations Inter-agency Group for Child Mortality Estimation. Levels and trends in child

mortality. New York: United Nations Children’s Fund; 2011.

2. Armstrong Schellenberg JR, Mrisho M, Manzi F, et al. Health and survival of young children in
southern Tanzania. BMC Public Health. 2008; 8:194. [PubMed: 18522737]

3. Zucker JR, Lackritz EM, Ruebush TK II, et al. Childhood mortality during and after hospitalization
in western Kenya: effect of malaria treatment regimens. Am J Trop Med Hyg. 1996; 55:655–60.
[PubMed: 9025694]

4. Magnani RJ, Rice JC, Mock NB, et al. The impact of primary health care services on under-five
mortality in rural Niger. Int J Epidemiol. 1996; 25:568–77. [PubMed: 8671558]

5. Schellenberg D, Menendez C, Kahigwa E, et al. African children with malaria in an area of intense
Plasmodium falciparum transmission: features on admission to the hospital and risk factors for
death. Am J Trop Med Hyg. 1999; 61:431–8. [PubMed: 10497986]

6. Becher H, Müller O, Jahn A, et al. Risk factors of infant and child mortality in rural Burkina Faso.
Bull World Health Organ. 2004; 82:265–73. [PubMed: 15259255]

7. Marsh K, Forster D, Waruiru C, et al. Indicators of life-threatening malaria in African children. N
Engl J Med. 1995; 332:1399–404. [PubMed: 7723795]

8. O’Meara WP, Mangeni JN, Steketee R, et al. Changes in the burden of malaria in sub-Saharan
Africa. Lancet Infect Dis. 2010; 10:545–55. [PubMed: 20637696]

9. Nadjm B, Amos B, Mtove G, et al. WHO guidelines for antimicrobial treatment in children admitted
to hospital in an area of intense Plasmodium falciparum transmission: prospective study. BMJ.
2010; 340:c1350. [PubMed: 20354024]

10. Berkley JA, Ross A, Mwangi I, et al. Prognostic indicators of early and late death in children
admitted to district hospital in Kenya: cohort study. BMJ. 2003; 326:361. [PubMed: 12586667]

11. Gamatie Y, Prual A, Wollo J, et al. Are pediatric wards in developing countries only places to die?
A study of prior to hospitalization risk factors of death among 0–2-year-old hospitalized children
in Niamey, capital of Niger. J Trop Pediatr. 1994; 40:54–7. [PubMed: 8182787]

12. Molyneux E, Ahmad S, Robertson A. Improved triage and emergency care for children reduces
inpatient mortality in a resource-constrained setting. Bull World Health Organ. 2006; 84:314–19.
[PubMed: 16628305]

13. Nantanda R, Hildenwall H, Peterson S, et al. Bacterial aetiology and outcome in children with
severe pneumonia in Uganda. Ann Trop Paediatr. 2008; 28:253–60. [PubMed: 19021940]

14. Walsh AL, Phiri AJ, Grapham SM, et al. Bacteremia in febrile Malawian children: clinical and
microbiologic features. Pediatr Infect Dis J. 2000; 19:312–18. [PubMed: 10783021]

15. Fagundes-Neto U, de Andrade JA. Acute diarrhea and malnutrition: lethality risk in hospitalized
infants. J Am Coll Nutr. 1999; 18:303–8. [PubMed: 12038472]

16. Pelletier DL, Low JW, Johnson FC, et al. Child anthropometry and mortality in Malawi: testing for
effect modification by age and length of follow-up and confounding by socioeconomic factors. J
Nutr. 1994; 124:2082S–105S. [PubMed: 7931717]

17. Obimbo EM, Mbori-Ngacha DA, Ochieng JO, et al. Predictors of early mortality in a cohort of
human immunodeficiency virus type 1-infected African children. Pediatr Infect Dis J. 2004;
23:536–43. [PubMed: 15194835]

18. Wamalwa DC, Obimbo EM, Farquhar C, et al. Predictors of mortality in HIV-1 infected children
on antiretroviral therapy in Kenya: a prospective cohort. BMC Pediatr. 2010; 10:33. [PubMed:
20482796]

19. Nathoo KJ, Chigonde S, Nehembe M, et al. Community-acquired bacteremia in human
immunodeficiency virus-infected children in Harare, Zimbabwe. Pediatr Infect Dis J. 1996;
15:1092–7. [PubMed: 8970218]

20. Paxton LA, Redd SC, Steketee RW, et al. An evaluation of clinical indicators for severe paediatric
illness. Bull World Health Organ. 1996; 74:613–18. [PubMed: 9060222]

21. Vella V, Tomkins A, Borghesi A, et al. Determinants of child nutrition and mortality in north-west
Uganda. Bull World Health Organ. 1992; 70:637–43. [PubMed: 1464151]

Clifton et al. Page 7

Arch Dis Child. Author manuscript; available in PMC 2012 November 28.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



22. Rutherford ME, Dockerty JD, Jasseh M, et al. Access to health care and mortality of children under
5 years of age in the Gambia: a case-control study. Bull World Health Organ. 2009; 87:216–24.
[PubMed: 19377718]

23. Rutherford ME, Mulholland K, Hill PC. How access to health care relates to under-five mortality
in sub-Saharan Africa: systematic review. Trop Med Int Health. 2010; 15:508–19. [PubMed:
20345556]

24. Van den Broeck J, Eeckels R, Massa G. Maternal determinants of child survival in a rural African
community. Int J Epidemiol. 1996; 25:998–1004. [PubMed: 8921486]

25. Armstrong Schellenberg JR, Nathan R, Abdulla S, et al. Risk factors for child mortality in rural
Tanzania. Trop Med Int Health. 2002; 7:506–11. [PubMed: 12031072]

26. World Health Organization. Management of the child with a serious infection or severe
malnutrition: guidelines for care at the first-referral level in developing countries. Geneva,
Switzerland: World Health Organization; 2000.

27. Bryce J, Boschi-Pinto C, Shibuya K, et al. WHO estimates of the causes of death in children.
Lancet. 2005; 365:1147–52. [PubMed: 15794969]

28. Hay SI, Guerra CA, Gething PW, et al. A world malaria map: Plasmodium falciparum endemicity
in 2007. PLoS Med. 2009; 6:e10000048.

29. Crump JA, Ramadhani HO, Morrissey AB, et al. Invasive bacterial and fungal infections among
hospitalized HIV-infected and HIV-uninfected children and infants in northern Tanzania. Trop
Med Int Health. 2011; 16:830–7. [PubMed: 21470347]

30. Mayhood MK, Afwamba IA, Odhiambo CO, et al. Validation, performance under field conditions,
and cost-effectiveness of Capillus HIV-1/HIV-2 and Determine HIV-1/2 rapid human
immunodeficiency virus antibody assays using sequential and parallel testing algorithms in
Tanzania. J Clin Microbiol. 2008; 46:3946–51. [PubMed: 18923015]

31. Greenwood BM, Armstrong JRM. Comparison of two simple methods for determining malaria
parasite density. Trans R Soc Trop Med Hyg. 1991; 85:186–8. [PubMed: 1887466]

32. Crump JA, Scott LE, Msuya E, et al. Evaluation of the Abbott m2000rt RealTime HIV-1 assay
with manual sample preparation compared with the ROCHE COBAS AmpliPrep/AMPLICOR
HIV-1 MONITOR v1. 5 using specimens from East Africa. J Virol Methods. 2009; 162:218–22.
[PubMed: 19729037]

33. Scott LE, Crump JA, Msuya E, et al. Abbott RealTime HIV-1 m2000rt viral load testing: manual
extraction versus the automated m2000sp extraction. J Virol Methods. 2011; 172:78–80. [PubMed:
21172389]

34. Evans JA, May J, Ansong D, et al. Capillary refill time as an independent prognostic indicator in
severe and complicated malaria. J Pediatr. 2006; 149:676–81. [PubMed: 17095342]

35. Molyneux ME, Taylor TE, Wirima JJ, et al. Clinical features and prognostic indicators in
paediatric cerebral malaria: a study of 131 comatose Malawian children. Q J Med. 1989; 71:441–
59. [PubMed: 2690177]

36. World Health Organization and United Nation’s Children’s Fund. WHO child growth standards
and the identification of severe acute malnutrition in infants and children. Geneva, Switzerland:
World Health Organization; 2009.

37. World Health Organization. Guidelines for an integrated approach to the nutritional care of HIV-
infected children (6 months–14 years). Geneva, Switzerland: World Health Organization; 2009.

38. Dawson, B.; Trapp, RG. Basic and clinical biostatistics. 3. New York: Lange Medical Books/
McGraw-Hill; 2001. p. 149-51.

39. CLSI. Defining, establishing, and verifying reference intervals in the clinical laboratory: approved
guideline. 3. Wayne, PA: Clinical and Laboratory Standards Institute; 2008.

40. Bland JM, Altman DG. Multiple significance tests: the Bonferroni method. BMJ. 1995; 310:170.
[PubMed: 7833759]

41. Sodemann M, Jakobsen MS, Mølbak K, et al. High mortality despite good care-seeking behaviour:
a community study of childhood deaths in Guinea-Bissau. Bull World Health Organ. 1997;
75:205–12. [PubMed: 9277007]

Clifton et al. Page 8

Arch Dis Child. Author manuscript; available in PMC 2012 November 28.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



42. Bahwere P, De Mol P, Donnen P, et al. Improvements in nutritional management as a determinant
of reduced mortality from community-acquired lower respiratory tract infection in hospitalized
children from rural Central Africa. Pediatr Infect Dis J. 2004; 23:739–47. [PubMed: 15295224]

43. Rice AL, Sacco L, Hyder A, et al. Malnutrition as an underlying cause of childhood deaths
associated with infectious diseases in developing countries. Bull World Health Organ. 2000;
78:1207–21. [PubMed: 11100616]

44. Man WD, Weber M, Palmer A, et al. Nutritional status of children admitted to hospital with
different diseases and its relationship to outcome in The Gambia, West Africa. Trop Med Int
Health. 1998; 3:678–86. [PubMed: 9735938]

45. Armstrong Schellenberg J, Bryce J, de Savigny D, et al. The effect of Integrated Management of
Childhood Illness on observed quality of care of under-fives in rural Tanzania. Health Policy Plan.
2004; 19:1–10. [PubMed: 14679280]

Clifton et al. Page 9

Arch Dis Child. Author manuscript; available in PMC 2012 November 28.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



What is already known on this topic

• The majority of child mortality studies in sub-Saharan Africa have been
performed in high malaria transmission areas.

• Successful malaria control programmes suggest a growing proportion of sick
children will be managed in areas where malaria is uncommon.

• Most inpatient child deaths occur shortly after admission, underscoring the
importance of rapid triage to prevent adverse outcomes.

What this study adds

• Most Integrated Management of Childhood Illness criteria performed well for
predicting inpatient child mortality in an area where malaria is uncommon.

• Clinical evaluation rapidly identified patients likely to have poor outcomes even
though they did not reliably identify subsequent laboratory diagnoses.
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