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Abstract
Background and objectives
The fourth Millennium Development Goal to reduce childhood mortality by two-thirds will not
be achieved in most countries of sub-Saharan Africa. Infectious diseases are the most common
cause of death in these children. A significant period of vulnerability occurs in the weeks and
months following discharge. We sought to characterise mortality both in-hospital and postdischarge in children admitted with infectious diseases and develop prediction models for these
outcomes.
Methods
The primary study was a cohort study of children 6 months to 5 years of age admitted with
proven or suspected infections. Children were followed throughout hospitalization and until six
months post-discharge. Prediction models for in-hospital and post-discharge mortality were
developed using standard logistic regression techniques. A further prospective cohort study was
conducted to determine morbidity, mortality and health seeking following pediatric outpatient
department visits in a rural health facility.
Results
The primary cohort study enrolled 1307 subjects who were admitted with a proven or suspected
infection. Sixty five (5.0%) children died in hospital and 61 (4.9%) of children died during the
six month post-discharge period. Parsimonious models were developed for both in-hospital and
post-discharge mortality. Variables for in-hospital prediction included Blantyre coma score,
weight for age z-score, and HIV status. Variables for post-discharge prediction included Blantyre
coma score, mid-upper arm circumference, HIV status, oxygen saturation and time since last
hospitalization. Both models performed well with areas under of receiver operating
characteristics curve of 0.85 and 0.80, respectively. Most (65%) post-discharge deaths occurred
outside of a hospital. The secondary study of out-patient department visits included 717 sickchild visits and found that mortality and subsequent admission over 30 days occurs after
approximately 2% of visits. Health seeking occurred in 7% of sick-child visits. No baseline
clinical factors were associated with outcomes following these visits.
ii

Interpretation
The derived models can be used to develop effective interventions to improve in-hospital care,
referral of admitted subjects to higher levels of care, and post-discharge care. Further research is
required to better understand health seeking following out-patient department visits.
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Chapter 1. Problem overview and research goals
The Millennium Development Goals (MDG), established following the United Nations
Millennium Summit in 2000, contain eight international development goals. These include (1)
reducing poverty and hunger, (2) increasing access to education, (3) promoting gender equality,
(4) improving child health, (5) improving maternal health, (6) improving the treatment of malaria
and HIV, (7) improving environmental sustainability and (8) building global partnerships for
development. All 193 United Nations member states committed to help achieve these goals. The
fourth of these goals, improving child health, specifically commits to achieving a two-thirds
reduction in under-five mortality by 2015, compared to 1990 levels.1 Using member country
submitted reports and other data, the United Nations produces an annual MDG report
summarizing the overall progress towards achieving each MDG. 2 Detailed region, sub-region
and country analyses of progress and projections are also produced by other groups including the
Global Burden of Diseases Project and the Institute for International Programs.
The Global Burden of Diseases (GBD) project provides comprehensive global and regional
estimates of mortality, diseases, injuries and risk factors. Following national and international
efforts, the Global Burden of Diseases project estimates that global under-5 mortality has
reduced from approximately 85 deaths per 1000 live births in 1990 to approximately 44 deaths
per 1000 live births in 2013, an annualized rate of decrease of 2.8%. 3 While this decrease is not
insignificant, it is far below the two-thirds reduction goal set during the millennium summit.
Further, this distribution has not been uniform across the various regions. Among the 138 least
developed countries, only 27 are likely to achieve the target of a two-thirds reduction in under-5
mortality. Of these 27 countries only two (Liberia and Benin) are in the Sub-Saharan African
region (out of 48 countries). The disproportionate distribution of child-mortality gains has
resulted in an increasing proportion of children who die in Sub-Saharan Africa relative to other
regions. In 1990, approximately 30% of childhood deaths occurred in Sub Saharan Africa. This
has increased to approximately 50% in 2012. The growing concentration of child mortality in
this region is likely to be further exacerbated since Sub Saharan Africa is the only region in the
world where the population of children is expected to rise substantially. By 2050 it is estimated
Sub Saharan Africa will contain nearly 40% of all live-births and nearly 40% of all children
worldwide.4
1

Causes of under-5 mortality
In 2010, nearly 75% of all childhood deaths in Africa were secondary to infectious diseases.
Malaria, diarrheal diseases and pneumonia were the most important causes of infectious disease
associated deaths. In 2010 malaria was estimated to be responsible for 15% of under-5 deaths.5 A
systematic analysis of malaria mortality data showed rising deaths secondary to malaria from
1980 (377,000 deaths) to 2004 (1,047,000 deaths) but subsequent reductions thereafter until
2010 (700,000 deaths). Rapid scaling of malaria control programmes that include artemisinin
combination treatment, vector control and insecticide treated bed nets over the past decade in
Africa has led to significant declines in malaria associated deaths throughout Africa in recent
years.6
Pneumonia is estimated to be the cause of death in 17% of children who die in Africa each year,
the single most important cause of childhood death in Africa. 5 While significant reduction in
pneumonia associated deaths in Africa has occurred, this reduction as not occurred as rapidly as
for malaria associated deaths. The annualized rate of decline is estimated to be 1.8% between
2000 and 2010, compared to an annualized decline of 2.7% for malaria. A significant barrier in
addressing pneumonia mortality is that many deaths occur outside of a hospital context, possibly
during the post-discharge period. Although over 60% of children with severe pneumonia are
treated in hospital, over 80% of the deaths associated with severe pneumonia occur in the
community.7 Poor availability of oxygen at community based health facilities and a high
prevalence of malnutrition are a further barriers in achieving better outcomes as both hypoxia
and malnutrition are each associated with a 15 fold increase in odds of mortality during the acute
phase of the disease compared to children without these additional risk factors. 8
Diarrheal diseases account for approximately 11% of under-5 deaths in Africa and have been
reducing at an annualized rate of 3.7% per year since 2000. It is thought that much of this
reduction has been due to socioeconomic and environmental improvements over the past
decade.9 The most common cause of severe and fatal diarrhea is rotavirus, associated with close
to 30% of all deaths, and has been a primary incentive in introducing and scaling the rotavirus
vaccine. Addressing issues related to nutrition is an important barrier in achieving further
reductions in diarrhea associated death.
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HIV/AIDS is responsible for approximately 4% of under-5 deaths in Africa and has been
declining rapidly in recent years. It is estimated that this decline between 2000 and 2010 is 6.4%
per year, a rate high enough to achieve the 2015 MDG target.5 Much of the success of this
reduction can be credited to aggressive scaling up of prevention of mother to child transmission
in several African countries.
Childhood nutrition
Moderate or worse stunting (height for age z-score < -2), being underweight (Weight for age zscore < -2) and wasting (Weight for height z-score < -2) are highly prevalent, estimated to affect
35%, 18% and 9% of African children in 2011, respectively. 10 It is well recognized that
malnutrition is a significant contributor to 45% of all childhood deaths, and most childhood
deaths from infectious diseases.10 A recent analysis of 10 prospective studies in Africa, Asia and
South America evaluated the impact of stunting, underweight and wasting on mortality in
children 1 week to 5 years of age and found that increasing degrees of anthropometric
abnormality (stunting and wasting) are associated with increasing hazard of death from all
causes, particularly pneumonia and diarrhea.11
The interplay between nutritional status and childhood mortality from infectious diseases is
complex and poorly understood. It is generally accepted that a vicious cycle exists between
malnutrition and infection. Acute infectious episodes exacerbate malnutrition through various
mechanism including anorexia, poor nutrient absorption and increase nutrient loss through
diarrhea. While the contribution of malnutrition to an increased susceptibility to infections is
well recognized, it’s mechanism is still an active area of investigation.12 A renewed interest in
environmental enteropathy (also called tropical enteropathy or environmental enteric
dysfunction) has provided, and continues to provide, some insights into the mechanisms of this
cycle. Environmental enteropathy is a syndrome similar to a mild form of celiac disease and was
first described in the 1950s among people living in poor, generally tropical, countries. Almost all
individuals in these countries had a generalized loss of intestinal integrity characterized by
reduced absorptive capacity, increased permeability and inflammation.13 Children living in
conditions of poor hygiene often develop environmental enteropathy soon after birth leading to
impaired growth, initiating the vicious cycle of malnutrition and infection. Chronic systemic
inflammation develops following microbial translocation secondary to reduced intestinal
3

integrity leading to increased vulnerability to infection and furthering under nutrition. In addition
to environmental enteropathy as a causal factor in malnutrition, it is also associated with a poor
response to nutritional intervention.14 This assertion is supported by a mathematical modeling of
existing literature of nutritional interventions including micronutrient supplementation (to child
and pregnant mother), balanced energy protein supplementation, complimentary feeding and
breastfeeding promotion that found that the scaling of these interventions to 99% coverage
worldwide would only reduce stunting by 33% at 12 months.15 Environmental enteropathy is
also thought to be associated with poor response to other interventions such as a decrease in the
efficacy of the oral rotavirus vaccine compared to populations in western countries.16
Post-discharge vulnerability
In resource poor countries very little focus has been placed on what happens to children in the
weeks to months post-discharge following hospitalization for a serious infectious illness.
However, while not the primary objective, several studies in Africa and Asia, studying a variety
of pediatric populations, have found significant vulnerability to both re-hospitalization and
mortality in the weeks and months following discharge. These studies suggest that the
probability of mortality may be as high in the post-discharge period as during the hospitalization
period. However, these studies are limited by various factors such as low rates of post-discharge
follow-up, inclusion of subjects without infectious diseases (ex. injury, poisonings, isolated
malnutrition) and interventional study designs such as randomized controlled trials (reducing
external validity). No studies focusing on post-discharge vulnerability in a general post-acute
infectious disease population currently exist.
A 1996 cohort study examined childhood mortality during and after hospitalization in western
Kenya, with the intent to determine the therapeutic effect of malaria treatment regimens. 17
Although this study was not designed to elucidate the general burden of disease following
discharge from hospital, both baseline demographic and diagnostic information as well as postdischarge vital status allow important conclusions to be drawn in this regard. Among the 1223
children admitted to hospital during the observation period 23% died between admission and
eight weeks post-discharge, with 10% of the of deaths occurring in hospital and 13% of the
deaths within eight weeks following discharge. The largest risk factor for mortality in this study
was baseline bacteremia. Patients with bacteremia had a case fatality rate of 35% and accounted
4

for 23% of inpatient deaths and 17% of outpatient deaths. The outcomes of this study reflect
results of a more recent study from 2005 examining the effect of community acquired bacteremia
among nearly 20,000 children admitted to a district hospital in Kilifi, Kenya.18 Although this
study did not conduct post-discharge follow up, the overall in-hospital mortality rate of 7.1% and
the mortality rate of 28.2% among bacteremic patients, suggest that the burden of post-discharge
morbidity and mortality will likely remain substantial. Recently, the Kilifi Health and
Demographic Surveillance Study which collects information on births, deaths and migrations in
a population of 240,000 people was linked to the Kilifi district hospital database and a
retrospective cohort analysis of post-discharge deaths was conducted.19 This study reported a
post-discharge mortality rate of 4.5% among all children less than 15 years of age. The most
important risk factors for mortality after discharge included malnutrition (as measured by weight
for age z-score), hypoxia and bacteremia.
Proper post-discharge follow-up is scarce and is further influenced by poor access to quality
health services. A study conducted in Guinea Bissau carried out between 1991 and 1996 using a
population registry found that among 3647 children discharged, there were 221 (6.1%) deaths
during the post-discharge period of 12 months, one third of which occurred within two weeks of
discharge.20 Most of these deaths (77%) occurred in their homes/communities rather than during
a re-admission (14.5%). This study also identified some risk factors for post-discharge mortality
and found that lower age, ethnicity, lower maternal education, discharge without authorization
and a diagnosis of anemia or diarrhea were associated with increased post-discharge mortality.
Disease specific studies have been conducted with mixed results relating to post-discharge
mortality. A re-analysis of a randomized controlled trial of vitamin A intervention in children
under five living in Tanzania presenting with pneumonia showed that among all patients,
intervention and control, the hospital mortality was approximately three percent with a 24 month
post-discharge mortality rate of over 10 percent (most occurring within the first several
months).21 Despite the significant effect of HIV on overall mortality in this study, several other
factors were independently associated with death including pneumonia severity as defined by
respiratory rate, hyperthermia and hypoxemia. Another study from Guinea Bissau examined the
effect of a financial incentive on childhood mortality from malaria. 22 This study showed that
among all patients (control and intervention), the in-patient mortality was approximately 7.5%
5

during the in-patient phase and approximately 2% at day 28. With a mean length of stay of 8
days this indicates an approximation of three week post-discharge mortality.
A recent study in Malawi conducted between 2002 and 2006 examined the association between
in-patient and post-discharge mortality among children with severe anemia. 23 Three hundred and
fifty three children aged 6 months to 5 years of age were followed for 18 months post-discharge.
In this study the in-patient mortality rate was 6% and the post-discharge mortality rate was 12%.
With nearly 18% loss to follow up, this is likely an underestimate. While it is difficult to make a
justified correlation between outcomes among those with anemia compared with infectious
diseases, the high proportion of bacteremia, malaria and HIV in this cohort (15%, 59% and 13%
respectively) is quite convincing that infections would have contributed to some deaths.
An improved understanding of post-discharge vulnerability among children in resource poor
countries could play a significant role in designing interventions to reduce this risk. Specifically,
the identification of risk factors for morbidity and mortality could be used to create prediction
tools to aid in identifying vulnerable children. The stratification of children based on their level
of vulnerability could be used to create interventions that maximize efficient use of scarce
resources, a critical component of any scalable health intervention.
Sepsis syndrome
Sepsis, as defined by the international pediatric sepsis consensus conference, is the systemic
inflammatory response syndrome (SIRS) in the presence of a suspected or proven infection. 24
Sepsis can be due to any infectious etiology, but in developed settings it is most often bacterial
whereas in the developing world co-infection is common and viral or parasitic infections also
play a significant role. Most under-five childhood deaths in developing countries can be
attributed to deterioration along the sepsis pathway (infection to sepsis to severe sepsis and septic
shock with progressive organ failure). However, pediatric sepsis is rarely discussed as a leading
cause of death in developing countries, with the notable exception of neonatal sepsis. Instead,
clinical and research programs are vertical in nature, attempting to address specific infectious
diseases such as malaria, pneumonia or diarrhea and thus often neglect the common syndromic
similarities of severe infectious disease – an inflammatory response that, if left uninterrupted,
often leads to progressive organ dysfunction, shock and death. The limitations of this vertical
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focus are further compounded by the fact that many available diagnostic tests are often not able
to differentiate between vertical diseases.25,26 Furthermore, children with sepsis are often coinfected with multiple pathogens, such as malaria and bacteremia, limiting the effect of vertical
treatments.
The current pediatric sepsis definitions (i.e., sepsis, severe sepsis and septic shock) have evolved
primarily as an identification tool for inclusion of children in clinical trials of sepsis
interventions, such as activated protein C, rather than for clinical use.24 They were originally
defined based on the adult definition for sepsis developed in 1992. 27,28 Despite the fact that these
definitions were designed for research purposes, they are often used clinically in developed
nations for the identification of children who require urgent intervention to stop the progressive
inflammatory response. More importantly, they form the basis for guideline development aimed
at treating the various stages of the sepsis continuum. In both the adult and pediatric definitions
of sepsis, meeting two of four criteria is required to diagnose SIRS, and therefore sepsis (Table
1.1). These criteria are based on temperature, heart rate, respiratory rate, and leukocyte count.
One major difference between the adult and pediatric SIRS definition, apart from age-specific
cut-offs, is that the pediatric definition required either an abnormal leukocyte count or abnormal
temperature for a diagnosis of SIRS (in adults, meeting any two criteria of four was sufficient).
This was important since it was recognized that derangements in heart rate and respiratory rate
are common and do not necessarily denote a significant inflammatory process. It is recognized
that defining sepsis, and its various stages is an iterative process in continual need of
refinement.28 More importantly it must also be recognized that sepsis definitions should be
specific to a region’s resource capacity, much the same way that sepsis treatment guidelines are
specific to low versus high resource settings.29–32
Of the three sepsis categories defined in the international pediatric sepsis consensus conference
(sepsis, severe sepsis, and septic shock) all require laboratory tests (e.g., leukocyte count). In
addition, severe sepsis and septic shock require complex organ dysfunction criteria that could
only be determined at highly resourced institutions. In many developing countries, even simple
laboratory tests, such as leukocyte counts, are often not measured since public sector systems and
patients cannot afford them. A further limitation in using the traditional sepsis definition is the
requirement for a core temperature measurement. While probably ideal, the additional time and
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care required to obtain this, coupled with potential complications of rectal measurements make a
strong case for validation of axillary or oral temperature measurements. With this in mind,
sepsis research aiming to influence clinical practice must include considerations of the
definitions being used and their applicability to the population being studied. Since sepsis forms
the final common pathway of infectious disease mortality, a more pragmatic alternative for the
identification of children at high risk of infectious disease related mortality may be justified.
Research goals
Systematic review of existing literature on post-discharge mortality
To better understand both the burden of post-discharge mortality and to gain insights into
potential solutions, a systematic review on studies examining post-discharge mortality in
resource poor countries is required. Few studies of post-discharge mortality exist and those that
do, study heterogeneous populations using a variety of study designs. Studies of post-discharge
mortality are often disease specific, making comparisons between studies difficult. It is
necessary, thus, to determine the overlapping and non-overlapping risk factors for post-discharge
mortality among the important disease subgroups including pneumonia, diarrhea and malaria.
Heterogeneity in study design generally stems from differences in the primary objectives of
existing post-discharge mortality research. This design heterogeneity can also influence the
results of these studies. Randomized controlled trials of interventions occur in highly controlled
environments and even when the intervention is not aimed at improving morbidity or mortality
following discharge, these studies preclude direct comparisons with studies using surveillance
data where the environment is closer to what would be expected to occur naturally. The
assessment of associated risk factors collected with varying degrees of rigor among similar
populations also presents difficulties if the study designs differ substantially (RCT vs
retrospective cohort study). A further difficulty in understanding the current state of the evidence
is that many studies examine post-discharge mortality as secondary outcomes and may therefore
not be readily accessible without a thorough literature search. Finally, since mortality following
discharge is generally under-recognized by both researchers and policymakers a systematic
compilation of existing literature can serve to create better awareness of this important outcome.
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Evaluation of pediatric post-discharge mortality
There is a paucity of high quality research on post-discharge mortality. Existing studies are often
disease specific (i.e. malaria or pneumonia), and use various, and often complex, criteria to
determine eligibility. An important and easily identified dichotomy among hospital admissions
are infectious diseases and non-infectious disease related admissions, such as trauma, cancer and
congenital diseases. With an ultimate objective of the identification and treatment of vulnerable
children, it is of critical importance to have a body of high-quality research on populations of
children in whom interventions can be both studied and implemented. Some studies, while
including a more general population, include children both with and without infectious diseases.
Combining admissions secondary to conditions such as trauma, congenital diseases, and cancer
is likely to result in biased assessments of risk factors for post-discharge mortality that would be
applied to children following acute infectious illness. To date there are no studies examining
post-discharge mortality in a cohort of children admitted with a serious infectious disease.
In addition to defining a population of interest in whom to study post-discharge mortality, the
design must also be appropriate. Since many existing studies were not designed to answer
questions of post-discharge mortality, their results are less likely to be free of bias. Randomized
controlled trials of interventions produce artificially controlled environments whereby even those
in a control group receive care not typical for their environment. 33 In retrospective studies, while
the environment may be reflective of standard care, variables are not rigorously assessed and
outcomes are often not determined on all subjects. In resource poor countries without national
vital statistics databases ,mortality after discharge can become very difficult to determine, with
many studies unable to determine this outcome in as many as 40% of study subjects. 34 A well
designed prospective cohort study using high quality methods of data collection and an
exhaustive determination of mortality statistics on discharged children is, therefore, critically
important as researchers and policy makers seek to improve morbidity and mortality in children
following discharge.
Derivation of risk stratification models for post-discharge mortality
A critical first step in the both the development and implementation of post-discharge
interventions is to determine the population in whom such interventions should be applied. While
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it is readily apparent that all children who are discharged have a substantial risk of death in the
weeks and months after discharge, it is not practical to create complex interventions to be applied
to all discharged children. Interventions including counselling mothers on illness recognition and
timely health seeking is important and should be incorporated into routine discharge counselling.
However, interventions such as delayed discharge, pharmacologic prophylactic therapy, or postdischarge follow-up require substantial resources and could be more efficiently incorporated into
care using predictive tools. In countries where resources are scarce, interventions must be
developed to create maximal impact using few resources.
Prediction modelling is often used to determine populations at greatest risk, in whom
interventions should be applied. This process requires rigorous data collection and outcome
assessment. It also requires a thorough understanding of potential predictors of the outcome to
maximise the probability that a suitable model can be developed. Further, in a resource poor
context, the predictors must be easily and reliably measured. Finally, the prediction model must
be easily applied.
Determination of morbidity, mortality and health seeking following outpatient department visits
Most children who receive medical care in resource poor countries do so at rural lower-level
health facilities. Most rural, lower-level health facilities in countries such as those in Uganda
operate primarily as outpatient departments.35 Few rural in-patient beds means that children with
significant risk of morbidity or mortality may be referred to higher-level health facilities, which
can incur significant costs for families. While it is important to characterize the epidemiology of
morbidity and mortality following hospital discharges, significant morbidity and mortality may
also occur following outpatient department (OPD) visits. To date, no studies have examined the
prevalence of hospitalization and mortality after community level outpatient care. Studies
exploring risk factors for post OPD morbidity and mortality are therefore required. An
exploratory study including children seen at an outpatient clinic and following them for a period
of time following the sick-child visit would be an important first step in this process.
Evaluation of sepsis criteria in hospitalized children as it relates to in-hospital mortality
The current sepsis definitions were originally developed for use in adults in order to create
suitable populations for conducting infectious diseases-based research. These definitions have
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been largely adopted into the pediatric context and while they do provide entry criteria for
clinical research they are also used in the development of treatment guidelines, and indirectly, as
prognostic indicators. The first stage along the sepsis continuum (sepsis, severe sepsis, septic
shock) is the presence of the systemic inflammatory response syndrome (SIRS) along with a
proven or suspected infection. Most deaths due to infectious diseases are attributable to sepsis,
but sepsis remains a poorly recognized syndrome worldwide.36–38 The World Health
Organization has not recognized sepsis as a separate topic on the World Health Organization
website.39 An understanding of sepsis as being the cause of most infectious diseases associated
deaths is by definition, an understanding that the underlying process of progressive inflammation
and organ dysfunction is common to most infections as they progress from mild to severe. It
would be generally assumed, therefore, that admitted patients failing to meet the first stage of
sepsis (SIRS), would be at a much lower risk of infectious diseases related mortality than
someone meeting these criteria. This assumption has never been tested in a resource poor context
where the unique interplay between factors such as malnutrition and infectious diseases and
major differences in the etiology of infectious diseases exist. If these definitions fail to add
significant prognostic benefit, their adoption would not be warranted and alternative methods of
classifying infectious disease mortality risk must be sought. However, if these definitions work
well in a resource poor context, the scaling of such classifications could improve standardization
of infectious disease mortality risk.
Derivation of risk stratification models for pediatric in-hospital mortality
Infectious disease risk classification is extremely important in the resource poor context. For the
provision of efficient and effective health care, those individuals with high risk of morbidity and
mortality must receive priority for scarce resources. It is widely accepted that some resources,
such as oxygen, are poorly distributed. The accurate detection of hypoxemia in the absence of
pulse oximetry (common in resource poor settings) is poor and many children who require
oxygen do not receive it, and likewise, many children who do receive oxygen do not require it. 40
While risk scoring tools for in-hospital mortality prediction exist in resource rich countries, these
are not valid in the resource poor context and new, context specific, tools are required to allow
for improved utilization of hospital resources.
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It is clear from existing research on post-discharge mortality that there will be important overlap
in risk factors predicting in-hospital mortality and post-discharge mortality. Risk factors such as
oxygen saturation are known to reflect disease severity and risk of death during the acute phase
of disease. Post-discharge mortality literature also suggests that oxygen saturation is an
important predictor of post-discharge mortality.19 The integration of prediction models for both
in-hospital and post-discharge mortality could provide added benefit of risk prediction in two
contexts with little additional model input requirements.
A further benefit of risk modeling mortality among admitted children is its utilization for the
generation of referral recommendations for children admitted to health centers in rural settings.
Currently, referral recommendations are often based on the integrated management of childhood
illness (IMCI) guidelines. 41 These guidelines form the basis of treatment standardization in many
resource poor countries. Referral criteria, however, are complex and disease specific, and
include signs and symptoms with varying degrees of severity and interpretability. The use of a
simple risk-scoring tool of 4 or 5 easily measured variables, which can be applied to any
admitted subject with an infectious illness, may increase the probability that children with high
risks of morbidity and mortality are referred in a timely fashion. While such research should,
ideally, be conducted within rural health centers, this is not feasible during initial phases of
research and initial explorations are best done in hospitals with sufficient volume and severity of
patients.
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Chapter 2. Pediatric post-discharge mortality in resource poor countries: A systematic
review
Background
Acute diseases leading to death and significant morbidity continue to plague children in resource
limited areas of the developing world disproportionately. Worldwide, and in particular in Africa,
infectious diseases are the most common cause of childhood mortality. 3 While effort has been
made to address diagnosis and treatment during the acute episode, care following discharge from
hospital is an important aspect of management that is often neglected by both policy makers and
health researchers. Reasons for this neglect are likely multifactorial and include a tremendous
burden and high costs to provide care for acute illness, which in regions with limited resources
poses significant system challenges. Furthermore, failure to recognize and document the burden
of post-discharge morbidity and mortality contributes to a lack of awareness by health care
workers of potentially avoidable adverse outcomes. Therefore, the attempt to improve care
following discharge may be viewed as a low priority by both health care workers and policy
makers. Lack of attention to post-discharge issues has tremendous adverse implications because
the available evidence strongly suggests that in developing countries post-discharge deaths may
be of similar (or higher) magnitude than deaths during hospitalization. 17,21,23,42,43 These data
suggest that improved discharge planning and post-discharge care has the potential to decrease
the need for readmission, and to significantly decrease morbidity and mortality. This discharge
process will be an important step in achieving the fourth millennium development goal (MDG)
of a two thirds reduction in under-five mortality.1
While current evidence clearly points to the significant burden of post-discharge mortality, the
estimates of this burden vary widely between studies. Population factors such as age distribution,
co-morbidities, disease severity, healthcare resources, and social disparities play a significant
role in the rate of post-discharge mortality. Further, differences in the design of studies can
contribute to variation in the estimates. Studies are interventional in nature (such as randomized
controlled trials) are unlikely to reflect the true baseline risk, even in a control group. While
retrospective studies are free from such biases, the methods of data collection are less robust and
can also lead to biased estimates. Finally, both time period and location often reflect significant
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differences in the standards of care and therefore the rates of the outcomes of interest. For these
reasons, a concise summary of the state of the evidence is required to better able to inform future
policy and research.
The Meta-analysis of Observational Studies in Epidemiology Group have created guidelines for
the reporting of meta-anlaysis of observational studies.44 The proposed reporting checklist
includes 6 primary sections including (1) reporting of background, (2) reporting of search
strategy, (3) reporting of methods, (4) reporting of results, (5) reporting of discussion and (6)
reporting of conclusions. Following these guidelines, we systematically reviewed the literature
for studies reporting pediatric post-discharge mortality in resource poor countries. Our primary
objective was to describe the rates of mortality following medical discharge in children and
identify the risk factors which are associated with post-discharge mortality.
Methods
Search strategy
We conducted a systematic computerized search from the inception date (1946 in MEDLINE
and 1974 in EMBASE) to October, 2012 to identify all potentially eligible studies. One
investigator trained in database searching independently carried out an initial systematic search.
A study was defined as an analysis of post-hospitalization mortality in a pediatric population.
We applied the following algorithm in both medical subject heading (MeSH) and free text
words. In MEDLINE, the MeSH terms “follow-up studies”, “hospitalization”, OR “longitudinal
studies” were combined with “developing countries”, “Africa”, “Bangladesh” , “Haiti”,
“Afghanistan”, “Yemen”, “Papua New Guinea”, “Myanmar”, “Pakistan”, OR “Solomon
Islands”. MeSH terms were exploded where appropriate. The MeSH term “Africa” included the
names of all African countries when exploded. Free text words including “post-discharge
mortality” and “long-term outcomes” were also used to increase capture of relevant articles. In
EMBASE, the MeSH terms “follow-up”, “hospitalization”, OR “longitudinal study” were
combined with “developing country”, “Bangladesh”, “Haiti”, “Afghanistan”, “Yemen”, “Papua
New Guinea”, “Burma”, “Pakistan”, “Solomon Islands” OR “Melanesia” AND “Pediatrics”.
Free text word “Burma” was also included in the search as this was not a MeSH term. Google
Scholar™ was also searched and references of relevant publications were reviewed to identify
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any articles not captured during initial search. All retrieved articles were independently
reviewed by a second author to determine if they met inclusion criteria.
Inclusion criteria
Studies were included if: (i) they presented original data from randomized-controlled trials,
cohort studies, or retrospective analyses; (ii) the data on post-discharge mortality in pediatric
patients of any age was clearly defined and length of follow-up was reported; (iii) data was
collected from pediatric patients living in developing countries. Developing countries were
defined for the purposes of this review as those countries currently classified by the United
Nations Development Program (UNDP) as having a low Human Development Index (HDI).45
Exclusion criteria
Studies were excluded if: (i) there was no pediatric data or pediatric data could not be
differentiated for adult data; (ii) there was no post-hospital discharge information or patients
were not discharged from a hospital setting; (iii) discharge was following a non-admission (i.e.
following birth); (iv) studies represented a surgical population since post-discharge care
following surgery would likely be very different from care following acute illness and; (v) if the
study was unpublished, published in a language other than English or if published only in
abstract form.
Data collection and quality assessment
Data was collected systematically onto a computerized spreadsheet developed a priori, which
included study name and year of publication, primary author, country, number of participants,
age of study population, reason for hospital admission (either medical or surgical), in-patient
mortality, post-discharge mortality, post-discharge hospitalization, post-discharge observation
period and risk factors of mortality. When the study was reported as the result of a randomized
controlled trial, data from both the control arm and intervention arm was collected and reported
either individually or as a combined estimate when appropriate.
While a validated quality scoring system for studies on post-discharge mortality has not been
developed, several variables likely to contribute to study quality were collected and reported
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including: proportion of subjects successfully followed-up, method of follow-up, study design
and presence of an intervention.
Analysis
Since significant heterogeneity between studies was observed studies were not pooled. Studies
were organized based on underlying etiology in the study sample. Descriptive statistics were
generated using Microsoft Excel (Redmond, WA).
Results
Thirteen studies met both inclusion and exclusion criteria and were included in the final analysis;
four randomized controlled trials,21,22,33,42 four prospective cohort studies,17,46,47 three
retrospective cohort studies,19,20,48 and two case-control studies with longitudinal follow-up of
cases and/or controls23,34 (Figure 2.1). No studies were excluded based on language of
publication. Four studies were from Bangladesh, three from Guinea-Bissau, two from both
Kenya and Malawi, one from Tanzania, one from the Democratic Republic of Congo and one
from The Gambia. The pediatric populations which the studies represented varied widely by
study according to both age and underlying disease state. The disease states represented included
four studies of all children admitted to hospital; two studies of children admitted with malaria;
three studies of children admitted with diarrhea; three studies of children admitted with
pneumonia; one study of children admitted with anemia; and one of children admitted with
malnutrition (Table 2.1). Rates of post-discharge mortality varied widely between studies (1% 18%) as did the durations of post-discharge follow-up (approximately 28 days – 5 years). Seven
studies reported the approximate proportion of children surviving at various time-points during
follow-up and reported that most children who died did so during the early phase of follow-up
(Table 2.2). Risk factors for post-discharge mortality varied significantly between studies but the
most important included young age, malnutrition, multiple previous discharges, HIV infection
and pneumonia (Table 2.3).
Studies of all hospital admissions
Three studies (two from Kenya and one from Guinea-Bissau) included all children regardless of
admission diagnosis. The first Kenyan study, a prospective cohort study conducted in 1991,
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enrolled 1223 children between 0 and 5 years of age at the time of admission and followed these
children until 8 weeks following discharge.17 During this period 10% of children died during
their hospitalization and 13% of children who were discharged died. The second retrospective
study was conducted in 2011 in Kenya and examined 12 month post-discharge mortality between
the years 2003 and 2008 among children 0 to 15 years of age. 19 Using a pre-existing surveillance
system they found that mortality was 4.5%. The main strength of this study was the large number
of study subjects (14,971) and the detailed analysis of post-discharge mortality risk factors. The
most notable risk factors for post-discharge mortality was previous hospitalization with three or
more discharges producing a hazard ratio of 23.5 (95%CI 10.70-51.84) and 2 previous
discharges producing a statistically significant hazard ratio of 7.06. Very severe pneumonia and
very low weight for age scores also produced statistically significant hazard ratios of 4.09 and
6.53, respectively (Table 2.2). The study from Guinea-Bissau was also a retrospective cohort
study based on surveillance data.20 It followed children who were primarily below 5 years of age
and found that in-hospital mortality was approximately 12% while post-discharge mortality was
approximately 6%. The primary risk factors for post-discharge mortality were discharge against
medical advice (RR 8.51, 95% CI 5.32-13.59), anemia and diarrhea (RR 2.0 and 1.8,
respectively).
Malaria studies
Two studies of children with malaria, both of which were randomized trials, were identified. The
first study, conducted in Malawi between 2006 and 2009, randomized children with severe
malaria to receive intermittent preventative therapy (IPTpd) or placebo following hospital
discharge.33 Over the course of six months of follow-up, similar numbers of children in both the
IPTdp and placebo groups died (2.6% vs. 2.4%, respectively). Nearly 20% of children
discharged required subsequent hospitalization. The second study, conducted in Guinea -Bissau
between 2004 and 2006, examined the effect of a financial incentive to health care workers to
improve hospital treatment of acute malaria. 22 Within 4 weeks of admission overall mortality
among both groups was approximately 8.7% with a 7.2% in-hospital mortality and 2% postdischarge mortality rate. Since the period of follow-up was calculated from admission, no
specific length of follow-up was conducted. Overall it was approximately 3 weeks as the mean
length of stay was approximately 1 week.
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Diarrhea studies
Three studies investigating outcomes following diarrhea were identified, all of which were
conducted in Bangladesh between the late 1970s and the early 1990s. The most recent study
conducted between 1991 and 1992 enrolled 500 urban children who were admitted and treated
for diarrhea.46 With 80% follow-up at 12 weeks post-discharge they found that post-discharge
mortality was 7% and that approximately half of these deaths occurred during a re-admission
(non-fatal re-admissions were not reported). This study conducted verbal autopsies and found
that the primary cause of death was a diarrheal disease in 69% of cases and an acute respiratory
disease in 31% of cases. Given the relatively low proportion of follow-up it is likely that the
actual post-discharge mortality rate was higher. This study reported that young age, short stature
for age, lack of breastfeeding, low maternal education, and female sex were all predictors of
post-discharge mortality. The remaining two studies were from 1979 and 1983 and of relatively
poor methodological quality.48,49 The post-discharge mortality rates were approximately 4% and
3%, respectively, and the hospital course was not described.
Pneumonia studies
Three studies of outcomes following pneumonia were identified, two of which were randomized
trials. The first study was a secondary analysis of a trial of vitamin A supplementation in
children 6-60 months of age with pneumonia.21 This study found that in-hospital mortality was
3% and post-discharge mortality was 10% after 24 months. Risk factors for post-discharge
mortality were not calculated, but HIV infection (3.92 95%CI 2.34-6.55), young age (3.70,
95%CI 1.72-7.95), unclean water source (2.92, 95%CI 1.03-8.30), severe anemia (2.55
95%CI1.13-5.77), severe pneumonia (2.47, 95%CI 1.59-3.85), and nutritional indicators such as
stunting (2.12, 95%CI 1.31-3.42) were associated with increased overall mortality (in-patient and
post-discharge). The second study was a randomized controlled trial of in-patient versus outpatient management of severe pneumonia in Bangladesh.42 There were no deaths during
hospitalization and only 1% mortality in 180 children who were followed for 3 months following
discharge suggesting that this was a low-risk group of patients. The final study was a follow-up
study of a case-control study assessing predictors of hypoxemia in Gambian children. 34 The
initial study, conducted between 1992 and 1994, enrolled 190 children admitted with a lower
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respiratory infection. Follow-up was conducted between 1996 and 1997 during which 15% of
hypoxemic children (SpO2 <90%) and 6% of non-hypoxemic children died. Differences in mean
length of follow-up were observed (41 months in hypoxemic group vs. 34 months in nonhypoxemic group) and a poisson regression showed that mortality rates were not statistically
significantly different. However, this was not an appropriate analysis since this assumes a
constant hazard over time, an assumption unlikely to be correct for post-discharge mortality.
Similar to other studies, low weight for age Z-scores during admission were associated with
higher post-discharge mortality rates (RR 3.2 95% CI 1.03-10.29).
Anemia studies
One study aiming to determine the short and long term effects of severe anemia in children
conducted in Malawi in 2008 was identified.23 This study was the longitudinal part of an earlier
case-control study and had two arms (cases and controls) which where independently followed
for 18 months after discharge. In the anemia arm (cases) 377 children were enrolled of whom
6.4% died in hospital and 11.6% died following discharge over the course of 18 months. In the
non-anemia arm (controls), consisting of children with any condition other than anemia, none of
the 373 children died in hospital and 2.7% died following discharge. This study had a low rate of
follow-up (approximately 80%) relative to the other studies. In the anemic group, HIV,
bacteremia, and nutritional deficiency (stunting/wasting) were more common in those who died
following discharge compared to survivors, however no formal analysis was done in this regard.
Malnutrition studies
One study assessed survival following successful hospital treatment of protein energy
malnutrition in the Democratic Republic of Congo (formerly Zaire).47 This study followed 171
children for 5 years after discharge and found that 18% died. The follow-up rate over this time
was 76%. Mortality after 1 year was 10% indicating that most deaths occurred relatively early.
While young age was predictive of post-discharge death (mean age of 26 vs. 59 months in dead
and surviving children, respectively) neither weight-for-age, height-for-age, length of stay, or
degree of hypoalbuminuria was associated with death at 1 year or 5 years following discharge.
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Discussion
Thirteen studies that reported post-discharge mortality rates were identified. Studies varied in
design, length of follow-up, location and in study population. The majority of studies were from
African countries. In these studies we found a consistent trend of mortality rates similar to those
seen in hospital. Of the six studies that reported both in-patient and post-discharge mortality, four
reported mortality rates higher following discharge than during hospitalization.
The term “post-hospital syndrome” has recently been introduced and describes an acquired,
transient period of vulnerability following discharge.50 Not only does the acute (and sometimes
chronic) illness contribute to derangements in normal physiologic function, other stressors such
as sleep deprivation, poor nutrition, pain and adverse effects of medications contribute to a state
in which the patient is more vulnerable to decline, even following recovery of the initial acute
condition. Sepsis, the most common cause of death among children in developing countries, 36,51
is known to cause significant losses in adaptive immunity, perhaps contributing to the significant
burden of post-discharge mortality observed.52
Ideally, all children discharged from hospital should be followed-up to ensure identification of
children suffering re-emergence of an acute illness; however in an already over-burdened health
system this is neither feasible nor cost-effective. Therefore, the identification of risk factors for
post-discharge mortality is an important starting point for interventions aiming to reduce
morbidity and mortality following discharge. In those studies which identified such risk factors,
nutritional indicators (such as weight–for-age), young age, and previous hospitalizations as well
as disease specific factors such as HIV infection and pneumonia were consistently associated
with a poor prognosis following discharge. The only study identified which actively addressed
post-discharge mortality built upon previous research indicating anemia was an important
predictor of mortality after discharge. Unfortunately, however, the intervention of providing
malaria prophylaxis did not substantially reduce 6 month post-discharge mortality. The timing of
post-discharge deaths is also an important consideration since this may aid in determining the
period during which post-discharge interventions should be applied. While the duration of
follow-up varied significantly between studies (28 days – 5 years), the probability of death was
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substantially higher during the first several months, indicating that post-discharge interventions
during this period may offer the highest probability of success.
The integrated management of childhood illness (IMCI) program developed by the World Health
Organization (WHO) is an attempt to compile the best available evidence for treatment of
common pediatric diseases and facilitate the uptake of a standardized approach to these diseases
in resource poor countries.53 Even though significant focus of the IMCI has been placed on both
inpatient and outpatient treatment there is a general lack of evidence based recommendations on
the prevention of post-discharge morbidity and mortality. Formal recognition of the morbidity
and mortality following hospital discharge, and its associated risk factors is required. The recent
post-discharge surveillance study from Kenya analyzed the utility of identifying children with
any one of several individual risk factors to determine the sensitivity and specificity of
identifying children likely to die following discharge. 19 This study found that the presence of
either low weight-for-age score, hospitalization greater than 13 days, hypoxia, bacteremia,
hepatomegaly, or jaundice would identify 33% of discharges and 47% of post-discharge deaths.
While this research can be used to better improve post-discharge care, significant numbers of
deaths following discharge would still not be identified. Furthermore, limited resources for risk
factor determination (such as blood culture) would make this process difficult to implement in
many health centers throughout Africa. A new research approach specific to the identification of
easily measured risk factors for use in a simple clinical prediction tool developed and validated
for use in poorly resourced health centers could prove very useful. Furthermore, defining the
population in whom such a prediction tool would be implemented in is also important as
significant differences exist between patient groups to warrant different prediction tools (such as
children with infectious diseases vs. children without infectious diseases). Once such tools are
validated they could be incorporated into guidelines such as the IMCI to better improve postdischarge initiatives.
In addition to specific risk factors for, and timing of, post-discharge mortality, we also observed
that in several studies many children who died did not die during a re-admission but rather died
at home.20,49 Although barriers to returning to hospital were not discussed in any of the studies,
factors such as transportation costs, care costs and poor care may have contributed to this.
Studies to identify specific barriers at the community level among parents of recently discharged
21

children could help drive effective interventions to improve health seeking behavior.
Technological innovations such as the utilization of cellular technology may assist in
identification of sick children in need of referral. Volunteer health workers have been utilized in
a unidirectional manner (home-to-hospital) in many settings to identify children requiring
community level treatment or referral to referral centers.54 Use of these health workers for
discharge referrals would decrease resources required for effective follow-up and referral in
cases of disease emergence. Efforts by policy makers and global health funding organizations to
overcome barriers such as these are required if health seeking behavior following hospital
discharge is to improve.
One limitation of this review was that the studies that were identified often did not have postdischarge mortality as a primary outcome. It is therefore possible that other similar studies,
further removed from the search terms used, were not identified. However, the systematic search
utilized was intended to be sufficiently broad to identify most of such studies. Another limitation
was that several studies had follow-up rates below 90%. It is unlikely, however, that the reported
mortality rates would be lower since losses to follow-up likely represent a more vulnerable
population with higher rates of post-discharge mortality. A further limitation was the lack of a
valid quality scoring system. As most studies were not specifically designed to assess postdischarge mortality a scoring system based on general study features could also not be created.
The reason was that most of the study features in various statements (CONSORT, STROBE etc.)
are for determining validity for drawing specific inferences according to the objectives of the
study. Presence (or lack) of these characteristics does not necessarily mean that inferences for
post-discharge mortality estimates are good (such as blinding in an RCT).
Conclusions
Pediatric post-discharge mortality is a significant and generally unrecognized problem in
developing countries. While several characteristics are strongly associated with post-discharge
mortality, no validated tools are available to aid health workers or policy makers in the
systematic identification of children at high risk of post-discharge mortality. Global health policy
and research must focus on both the creation of tools to aid in defining groups of children most
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likely to benefit from post-discharge interventions, formal assessment such interventions,
followed by the scale-up of effective interventions.
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Chapter 3. Selecting candidate predictor variables for the modelling of post-discharge
mortality from sepsis: A protocol development project
Background
Acute Infectious diseases account for most childhood deaths in resource poor countries,
particularly on the African Continent.55 While the period of acute illness is well known to
account for much of this burden, relatively little is known about the epidemiology of the postacute period and its contribution to overall infectious disease associated mortality. A recent
systematic review has found that the months following hospital discharge account for at least as
many deaths as the hospital period.56 Despite the apparently high burden of post-discharge
mortality in children, little currently exists to address this important issue. The implementation of
interventions to reduce post-discharge mortality must be preceded by robust research aiming to
develop methods for identification of vulnerable children.43 Such research protocols must ensure
that the most important and relevant predictors are included for analysis in order to optimize
model development.57,58
The method by which candidate predictors are selected vary widely among studies and many
include informal discussions among the research team and colleagues or more formal methods
such as focus group discussions, questionnaires and surveys. A well-recognized method by
which groups can reach consensus on a subject of interest is the Delphi method. 59 The Delphi
method is a structured communication technique in which a facilitator solicits experts to answer
a questionnaire in two or more rounds. A summary of each round is reviewed by the experts
providing opportunity to modify previously selected answers, thus converging, in theory,
towards the most correct answer. This method has been used successfully in prediction
modelling research as a means to generate a comprehensive set of candidate predictor variables
to be used in statistical modeling.60
The purpose of this protocol development project was to generate a comprehensive list of
candidate predictor variables for entry into a statistical model of pediatric post-discharge
mortality, using a modified Delphi technique. Ultimately, the predictors derived will be used in
the creation of post-discharge mortality prediction models.
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Methods
Design
A modified two-round Delphi process was undertaken to determine an optimal set of candidate
predictor variables to be collected for the prediction modelling portion of the study. As the
primary aim of this project was to aid in protocol development, this did not satisfy the definition
of research at the University of British Columbia and therefore was exempt from review from the
research ethics board.
Participants
Participants in the Delphi process were recruited by the solicitation of the primary research team,
and included both those solicited by the research team as well as the research team itself. The
research team included experts in global health, critical care, pediatrics, statistics, methodology,
epidemiology, computer engineering and infectious diseases. Expertise was sought in at least one
area potentially relevant to post-discharge mortality. The required areas of expertise identified
included (1) pediatrics, (2) sepsis, (3) infectious diseases, (4) microbiology/laboratory medicine,
(5) international health, (6) epidemiology or (7) social sciences. The participants were invited to
participate in both rounds of the Delphi process. Our target sample size was 20 individuals that
covered all seven areas of expertise and included participants from the proposed research country
(Uganda).
Process
The modified Delphi process occurred between November 2010 and January 2011 and was
completed during two rounds of emailed surveys using SurveyMonkey® software (Palo Alto,
CA). Fourteen days was granted to participants during each round of the process. After each
round the research team members involved in candidate variable selection discussed the survey
responses and determined whether the existing or suggested variable should be added, modified
or eliminated. A final consensus of candidate predictors was made by the research team
following the results of the second survey
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Round 1
Round 1 of the Delphi process was initiated in November, 2010. An initial list of 17 candidate
variables was generated by the research team prior to this first round of the Delphi process,
following a review of existing literature as well as the clinical and research experiences of coinvestigators (Table 3.1). This list of 17 variables included multi-part variables (eg. vital signs
labelled as a single variable although it included respiratory rate, temperature, heart rate and
blood pressure). Therefore, the actual list of candidate variables for statistical modelling would
be higher than the list of variables reviewed. Critical domains of the initial variable selection
included (1) its potential as a predictor and likely inter-and intra-rater reliability of its
measurement, (2) its general availability in most resource poor contexts, (3) its cost, and (4) the
time and resources required collecting the variable. These four domains, therefore, were the
primary component of the Delphi evaluation.
In addition to the rating of each of the 17 variables according to the four domains, participants
were given the opportunity to make comments and suggest additional variables for consideration
during the second round of the Delphi process. The primary research team considered each
proposed variable and eliminated those variables deemed to be unsuitable based on any of the
domains or if redundant (e.g. Nutrition status was available as weight/height for age z-score).
The new set of potential candidate predictor variables were then incorporated into the second
round of the Delphi process. Using the survey results from this initial round, the primary
research team also modified or removed variables from the initial list of 17 candidate variables to
be used in the final list of candidate predictor variables.
Round 2
The second round of the Delphi process was conducted in December, 2010. During this round 16
new variables were assessed using the same domains and scoring system used during the first
round. The ability to make comments was preserved. This round did not include a re-review of
the initial variables used during the first round. Using the results from this second round of
evaluation, the primary research team retained, modified or removed the additional candidate
predictor variables and incorporated these into the final list of candidate predictor variables.
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Analysis
Evaluation of each variable was considered for applicability on 4 domains. These four domains
included the applicability of candidate variables as (1) a potential predictor, (2) an available
predictor, (3) a cost-effective predictor (4) a time/resource-effective predictor. The responses
were meant to be specific to a resource poor context. Respondents scored each predictor as
having either (1) high, (2) moderate, (3) unlikely or (4) no applicability for each of the four
domains. Responses were tabulated and reported using descriptive analyses only (SAS 9.3,
Carey, NC). The proportion of respondents indicating a high level of applicability was of
primary interest. The proportion of respondents indicating unlikely or no applicability of the
candidate variables to each domain was also of interest. A final list of variables for inclusion as
candidate predictors was determined by the study team using both the results of the distributed
survey results as well as other considerations (budgetary, research staff availability, equipment
availability etc.).
Results
Twenty three participants from both resource rich and resource poor environments participated
during the first round of the Delphi process. During this round, 17 initially proposed candidate
predictors (Table 3.1) were evaluated and a further 40 were proposed. Of the 40 proposed
variables, 16 were selected for inclusion in the second round. During the second round, 12
participants (52%) of the initial 23 completed the survey.
Round 1
Self-identified areas of expertise among the participants include pediatrics (70%), sepsis (57%),
infectious diseases (30%), international health (26%) epidemiology (22%), critical care (17%),
microbiology or laboratory medicine (9%) and the social sciences (9%). Participants included
individuals from both high resource and resource poor countries.
Applicability of proposed candidate predictors as potential predictors
Of the 17 variables evaluated during this first round of the Delphi process, Oxygen saturation,
height/weight, co-morbidities, age, maternal education and wealth received scores of “high
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applicability” for over 80% of participants who evaluated these indicators (Table 3.2) Vital
signs, vaccination status, length of stay, admission diagnosis, discharge against medical advice,
and distance from hospital received a moderate amount of “high” ratings (60% – 80%). Sex, zinc
level, hemoglobin level, and prior antibiotic use received low levels (<60%) of high ratings
relative to the other variables. Zinc level in particular received few high ratings (29%). Although
wealth received a high proportion of high ratings, only 13 participants rated this. Many
respondents commented on their lack of knowledge of wealth scoring tools. Variables exhibiting
the highest proportion of “unlikely” or “not at all” applicable included zinc level and sex, with
21% and 24% or participants providing these scores, respectively.
Applicability of proposed candidate predictors for availability
The availability of variables in a typical resource poor context was evaluated for each of the 17
candidate variables (Table 3.3). Variables scoring over 80% included length of stay, age and sex.
Vital signs, height and weight, discharge against medical advice, co-morbidities, maternal
education and distance were considered highly available by 60 – 80% of participants. Prior
antibiotics, hemoglobin, zinc level, hemoglobin, zinc level and wealth was considered to be
highly available in 40 – 60% of participants. Oxygen saturation, blood culture and immunization
status was considered highly available in fewer than 40% of subjects. Only blood culture and
vaccination status was considered unlikely or not available for more than 20% of participants.
Applicability of proposed candidate predictors for cost
The cost of obtaining candidate predictors was assessed (Table 3.4). Age and sex was noted to
be highly applicable in terms of cost for greater than 80% of participants. Height and weight,
length of stay, co-morbidities, admitting diagnosis, discharge against medical advice, maternal
education, wealth and distance were all considered to be highly applicable in terms of cost in
60% – 80% of participants. Vaccination status, prior antibiotic use and hemoglobin were
considered highly applicable in terms of cost in 40 – 60% of participants and oxygen saturation,
blood culture and zinc level were all considered highly applicable in terms of cost for fewer than
40% of subjects. Twenty nine percent of respondents believed blood culture to be unlikely or not
applicable in terms of cost and 78% of participants believed that zinc level was unlikely or not
applicable in terms of costs.
28

Applicability of proposed candidate predictors for time and resources required
The applicability of time and resources required to measure each potential candidate predictor
was assessed and closely mirrored the cost domain results (Table 3.5). The primary difference is
that discharge against medical advice and the assessment of co-morbidities were rated highly
applicable in 40% - 60% of participants in this domain rather than over 60% in the cost domain.
Only zinc was associated with a high proportion of participants selecting it as being unlikely or
not applicable (71%).
Proposed new variables
Forty additional variables were proposed as potential candidate predictors, many of which were
similar or overlapping (Table 3.6). Sixteen of these were included in the second round of the
Delphi process.
Round 2
Twelve participants completed this final round of the Delphi process. During this process 16
potential candidate predictor variables (or groups of predictor variables) were evaluated using the
previously used domains and scoring system.
Applicability of proposed candidate predictors as potential predictors
Mental status was deemed to be highly applicable as a potential candidate predictor variable in
80% of participant responses, and was the highest of all 16 candidate predictors (Table 3.7).
Urinary frequency prior to admission, duration of illness prior to admission, prematurity, glucose
level, and acidosis measurement were considered highly applicable in 60% - 80% of responses.
Previous hospitalizations in the past year, maternal co-morbidities and the number of parents
living at home were associated with a high level of applicability in 40% - 60% of participants,
while the time since last hospitalization, mid-upper arm circumference, presence of sibling
deaths, blood coagulation profile, renal function profile and maternal age were all associated
with fewer than 40% of participants considering them as highly likely to be associated with postdischarge mortality. Only maternal age and the number of parents living at home was considered
to be unlikely or not at all applicable as predictors by more than 20% of participants.
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Applicability of proposed candidate predictors for availability
The perceived typical availability in a resource poor context was evaluated for each of the newly
proposed candidate predictor variables (Table 3.8). Duration of illness prior to hospitalization
and mental status were considered highly available by over 80% of participants. Previous
hospitalizations, maternal age, the number of parents living at home, bednet use and water source
were considered highly available in 60% - 80% of subjects. Urination in 12 hours prior to
admission, prematurity, sibling deaths, and glucose were considered highly available by 40% 60% of participants, while the number of siblings, blood coagulation profile, acidosis
measurement, maternal co-morbidities, renal function and mid-upper arm circumference were
considered highly available in fewer than 40% of participants. Several candidate predictors were
considered unlikely or not to be available by more than 20% of participants, including the
number of parents living at home, maternal age, number of siblings, renal function, blood
coagulation and acidosis measurement.
Applicability of proposed candidate predictors for cost
The proportion of participants rating the candidate predictor variables as highly cost-effective
was over 80% for bednet use only (Table 3.9). Urination in the 12 hours prior to admission,
previous hospitalizations, sibling deaths, number of siblings, maternal age, number of parents
living at home and water source were considered highly cost-effective for 60% - 80% of
participants, while time since last hospitalization, prematurity, maternal co-morbidities and
glucose were considered cost-applicable by 40% - 60% of participants. Duration of illness prior
to admission, mid-upper arm circumference, acidosis measurement, blood coagulation profile
and renal function received a high applicability rating in terms of cost by fewer than 40% of
participants. The laboratory variables including renal function, blood coagulation profile, and
acidosis measures were considered unlikely or not applicable in terms of cost in over 20% of
participants, as was collection of maternal age and the number of parents living at home.
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Applicability of proposed candidate predictors for time and resources required
The responses of the participants for the applicability of the time and resources required to
collect the proposed candidate predictor variables mirrored the results of the applicability of the
cost of collection of these variables on all descriptive terms (Table 3.10).
Final list of candidate predictor variables
The final list of candidate predictor variables was determined through discussions among the
primary research team (Table 3.11). Budget considerations and actual availability at the
proposed research site played the most significant role following a review of the survey results.
The final list of 30 candidate predictors was approved by the primary research team and
incorporated into the research proposal.
Discussion
A list of candidate predictor variables was derived using a modified, 2-round, Delphi approach.
This approach, utilizing the expertise of individuals not part of the primary research team, added
considerable depth to the evaluation of candidate predictor variables, as evidenced by contrasting
the initial list of predictors with the final list of predictors (Tables 3.1 and 3.11).
The final list of candidate predictors was chosen based on both subjective considerations by the
research team and objective results of the survey. Some proposed variables that scored relatively
poorly during the second round of the Delphi process were chosen based on very practical
considerations at the research site. For example, mid-upper arm circumference was not highly
rated on any of the domains. However, this variable was chosen as a simpler method of
nutritional status than a measure based on the variables of height, weight and age. The true cost
considerations from a research perspective included the cost of scales and length boards for
height and weight, compared to a mid-upper arm circumference tape, which is less expensive.
The research team, did however, agree with the results of newly proposed laboratory variables,
which tended to score poorly in all domains, particularly in the cost and resources domains.
This protocol development project actively utilized experts from resource poor countries, beyond
those on the research team, who had in-depth knowledge of current practices and standards at the
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proposed research areas. This broad expertise ensured that the more pragmatic indicators were
appropriately evaluated and further ensured that the overall context was broadly considered
throughout the two phases of the Delphi process.61
This process was subject to several limitations. A primary limitation to this process was the
inability to revise responses based on a summary of group responses. Because of this we were
not able to evaluate more the effect of further consideration of individual responses. Further, no
opportunities were available for specific discussion on any candidate predictor variables.
Although provisions for comments were incorporated into the survey, these were only seen by
the primary research team. The reason for this Delphi process simplification was to facilitate
participation, rather than due to an accidental omission of this process. A further limitation of
this survey was a relatively high proportion of individuals not completing the second round (10
out of 23). No identifying information or participant characteristics were collected during the
second round of the survey and therefore the breakdown of self-identified expertise was not
considered in the responses, as it was during the first round. However, each section of the survey
(clinical, laboratory and social/demographic) was initiated by a question about the participants
ability to contribute meaningfully and they were provided with an option to skip the section if
they desired.
In conclusion, this modified Delphi process was an effective method to add both objectivity and
to broaden the perspective for the selection of candidate predictor variables. This increases the
likelihood that a robust set of candidate variables will be included in the proposed post-discharge
mortality modelling research project.
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Chapter 4. Post-discharge mortality in children with acute infectious diseases: Derivation
of post-discharge mortality prediction models
Background
Acute infectious diseases continue to be the most important contributor to the 6 million children
younger than 5 years who die every year, particularly in Africa.55 It is widely accepted that as a
global community we have fallen short in reducing under-5 mortality, as demonstrated by the
fact that most developing countries, especially those in sub-Saharan Africa will not achieve the
fourth millennium development goal of a two-thirds reduction in child mortality.3 An important
but neglected contributor to infectious disease related mortality is the vulnerable period
following hospital discharge.
A recent systematic review of pediatric studies assessing post-discharge mortality in resource
poor countries and found that post-discharge mortality often exceed in-hospital mortality.56 Thus
attention to at-risk populations post-discharge is sorely needed. However, while several factors
were consistently found to be associated with mortality following discharge, including
malnutrition, HIV and severe pneumonia, easy identification is essential in order to develop
targeted post-discharge interventions. Ideally the unacceptably high risk of morbidity and
mortality following discharge suggests that all children should be afforded follow up care.
However, significant resource constraints in the countries most affected by this issue preclude
any significant intervention on all discharged children. Therefore, the ability to quickly and
effectively identify at-risk children would be an invaluable step towards the implementation of
life-saving post-discharge interventions. An important and easily identified dichotomy among
hospital admissions are infectious diseases and non-infectious disease related admissions, such as
trauma, cancer and congenital diseases. Although further divisions based on etiology of
infection, or an underlying risk factor such as malnutrition or HIV status, may be an attractive
approach in risk stratification, significant difficulties in disease definitions and often overlapping
risks makes this approach very difficult. The development of a robust yet simple risk -scoring
algorithm could significantly advance a systematic and evidence based approach in postdischarge care.
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The purpose of this study was to derive simple prediction models that could efficiently stratify
children according to post-discharge mortality risk.
Methods
Population
Mbarara is a city of approximately 85,000 and is the largest city in the Southwestern region of
Uganda. This study was conducted at two hospitals in Mbarara. The Mbarara Regional Referral
Hospital (MRRH) is the main referral hospital in Southwestern Uganda. It is a public hospital
funded by the Uganda Ministry of Health. MRRH is the hospital associated with the Mbarara
University of Science and Technology and is a primary training site for its health care graduates.
The pediatric ward of MRRH admits approximately 5000 patients per year. The Holy Innocents
Children’s Hospital (HICH) is a faith-based children’s hospital offering subsidised fee-forservice outpatient and in-patient care in Mbarara. The HICH admits approximately 2500 patients
per year.
This was a prospective observational study conducted between March 2012 and December 2013.
This study was approved the institutional review boards at the University of British Columbia
(Canada) and the Mbarara University of Science and Technology (Uganda). Written informed
consent was required for all subjects.
Eligibility
All children aged 6 months to five years who were admitted with a proven or suspected infection
were eligible for enrollment. The upper age limit was chosen to coincide with the under-five
target group of the millennium development goals. The lower age limit was chosen for logistic
(census enrollment with limited research staff) and statistical considerations (group
homogeneity). Subjects previously enrolled were excluded.
Study procedure
Following enrollment, a research nurse obtained and recorded clinical signs including a 1 minute
respiratory rate, blood pressure (automated), axillary temperature, Blantyre coma score, and
using the Phone Oximeter, 62 1 min photoplethysmogram (PPG), blood oxygen saturation (SpO 2)
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and heart rate. Anthropometric data (height, weight, mid-upper arm circumference) were also
measured and recorded. Age-dependent demographic variables collected at enrollment were
converted to age corrected z-scores according to the World Health Organization Child Growth
Standards.63 The age corrected heart rate and respiratory rate z-scores were obtained by
standardizing the raw measurements using the median and SD values provided by Flemming et
al.64 The age corrected z-scores for systolic blood pressure were calculated using subjects’
height, according to the procedures previously described.65
A blood sample was taken for measure of hemoglobin, HIV and a malaria blood smear
(microscopy). HIV status was determined using rapid diagnostic test serial algorithm. All
positive tests were confirmed by a separate test. Children under 12 months of age with a positive
test were confirmed using PCR. Hemoglobin was measured on a Beckman Coulter Ac.T
Hematology analyzer.
An interview was conducted with the subject’s parent/guardian and information about previous
admissions, distance from health facility, transportation costs, bed-net use, maternal education,
maternal age, maternal HIV status, history of sibling deaths and drinking water safety were
elicited. Subjects received routine care during their hospital stay and were discharged at the
discretion of the treating medical team. The discharge status of all enrolled subjects was recorded
as death, referral, discharged alive, and discharged against medical advice. The diagnoses made
by the medical team were also recorded. Upon discharge, families with active telephone lines
were contacted at months 2 and 4 to determine the vital status of the child. Families with no
telephone access received in-person follow-up by a field officer. At approximately 6 months
following discharge all subjects received in-person follow-up. In addition to post-discharge vital
status, health seeking and re-hospitalizations since the initial discharge were also recorded.
Study data were collected and managed using REDCap electronic data capture tools hosted at the
Child and Family Research Institute, Vancouver, Canada.66 REDCap (Research Electronic Data
Capture) is a secure, web-based application designed to support data capture for research studies,
providing: 1) an intuitive interface for validated data entry; 2) audit trails for tracking data
manipulation and export procedures; 3) automated export procedures for seamless data
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downloads to common statistical packages; and 4) procedures for importing data from external
sources.
Candidate predictor variables were derived using a 2-round modified Delphi approach. Briefly,
23 experts in relevant disciplines were solicited to complete an online survey and provide
feedback on an initial list of proposed predictors. Predictors were evaluated on considerations of
utility as predictors, availability, cost and resource related applicability. Experts were asked to
provide additional potential variables which were then evaluated during a second round of
surveys. Data was evaluated by the research team and a final list of candidate predictor variables
for modelling was determined.67
Outcomes
The primary outcome was post-discharge mortality at any time during the 6 month postdischarge period.
Sample size
For the derivation of prediction models, standard calculations of sample size do not apply since
these calculations do not account for the model development process (i.e., selection of variables
and the optimization to achieve specified sensitivity and specificity cut-offs). For this study we
determined the sample size needed to validate the derived model and plan to use an equal
number of patients for the derivation phase. For the validation study, assuming that the derived
model achieves a sensitivity of 85% with at least 50% specificity, 100 events, corresponding to a
total sample of approximately 1000 live-discharges (assuming a post-discharge mortality rate of
10%), would be needed to obtain 80% power for ensuring that the lower 95% confidence limit
on sensitivity will be at least 75%. Since resources are scarce, a higher sensitivity at the expense
of specificity would further limit practical application of such a model. An interim analysis of the
study showed that the post-discharge mortality rate would likely not exceed 5%. However,
funding was insufficient to increase enrollment to 2000 subjects and enrollment was stopped
when 1307 subjects were enrolled.
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Statistical analysis
All variables were assessed using univariate logistic regression to determine their level of
association with the primary outcome. Continuous variables were assessed for model fit using
the Hosmer-Lemeshow test.68 Following univariate analysis candidate models were generated
using a step-wise selection procedure minimizing Akaike's Information Criterion (AIC). All
models generated in this sequence which had an AIC value within 10% of the lowest value were
considered as reasonable candidates. Missing data was imputed using multivariate imputation by
chained equations.69 The final selection of a model was judged on model parsimony (the simpler
the better), availability of the predictors (with respect to minimal resources and cost), and the
attained sensitivity (with at least 50% specificity). All analyses were conducted using SAS 9.3
(Carey, NC, USA) and R 3.1.3 (Vienna, Austria; http://www.R-project.org). Additional models
were created using the above process but with the absence of key variables used in deriving the
primary model. This was done to increase application in a variety of settings were the absence of
certain key variables may occur.
Results
During the period of study 1824 subjects were screened for eligibility, of which 517 (28%) were
excluded. Reasons for exclusion included isolated malnutrition (n=192), re-admission of enrolled
subject (n=51), refusal of consent (n=22), cardiac disease (n=19), poisoning/drug reaction
(n=19), cancer (n=12) as well as a plethora of other non-infectious admissions (n=167). One
thousand three hundred and seven (1307) subjects admitted with a presumed or proven infection
were enrolled at the time of their admission. During the course of admission 65 (5.0%) subjects
died, and 1242 (95.0%) were discharged alive (Figure 4.1). Among the children discharged 54%
were male, and the median age was 18.1 months (IQR 10.8 – 34.6). Pneumonia, malaria and
gastroenteritis were the most common clinical discharge diagnoses and were present in 31%,
50%, and 8% of discharged subjects. According to anthropometric variables collected at
admission, 30% of subjects were considered underweight (Weight for age z-score less than -2),
35% were considered wasted (weight for height/length z-score less than -2) and 29% were
considered stunted (height/length for age z-score less than -2) (Table 4.1).
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Post-discharge mortality
During 6 months of post-discharge follow-up 61 children died. Of those that died, the median
time to death was 30 days (IQR 7 – 81). Of the 61 deaths, 41 (67%) occurred outside of a
hospital and 20 (33%) occurred during a hospital re-admission. Thirty variables were tested for
univariate associations with post-discharge mortality (Table 4.2). Mid-upper arm circumference
was the variable with the highest area under the receiver operating characteristic curve, 0.76
(95% CI 0.70 – 0.83) and was highly significant (p <0.0001). Other anthropometric variables,
including weight for age z-score, length/height for age z-score, and weight for length/height zscore were also highly associated with post-discharge mortality but had much lower areas under
the ROC curve. Oxygen saturation was the most predictive of the non-anthropometric variables,
with an area under the ROC curve of 0.65 (95% CI 0.57 – 0.73), followed by age and parasitemia
with areas under the ROC curve of 0.64 (95% CI 0.56 – 0.70) and 0.60 (95% CI 0.55 – 0.65),
respectively. Other variables achieving statistical significance, but showing lower areas under the
ROC curve included systolic blood pressure, axillary temperature, HIV status, abnormal Blantyre
coma score, duration of illness prior to admission and time since last hospitalization. Time since
last hospitalization was collected as an ordinal variable with 5 levels (<7d, 7-30d, 30-365d,
>365d and never). This variable was treated as continuous in the analysis for reasons of
parsimony and overall fit. Hemoglobin level, history of sibling deaths, maternal HIV status,
maternal education and distance from admitting health facility were not associated with postdischarge mortality in the univariate analysis.
Multivariate prediction model
One primary model and 3 alternate models of equal sensitivity were developed for the prediction
of 6-month post-discharge mortality (Table 4.3). The alternate models were developed while
systematically excluding oxygen saturation, mid-upper arm circumference and HIV status,
respectively, since these may not be routinely available in all clinical settings. The primary
model included mid-upper arm circumference (mm), oxygen saturation at admission (percent),
time since previous hospitalization, abnormal Blantyre coma score, and HIV status. The area
under the receiver operator characteristic curve was 0.81 (95% CI 0.75 – 0.87) (Figure 4.2). At a
probability cut-off of 0.035, this model had a sensitivity of 80% (95% CI 70 – 90) and a
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specificity of 65% (95% CI 62 – 68). In a population similar to this model derivation cohort we
would expect the positive predictive value to be 10.7%, and the negative predictive value to be
98.4% (Table 4.4). The final model equation for the primary model was: logit(p) = 7.85 + (0.047; mid-upper arm circumference at admission in millimetres) + (-0.041; SpO2 at admission
as percent) + (-0.28; time period since last hospitalization) + (0.98; HIV positive) + (0.88;
Blantyre coma score less than 5).
Model 2 excluded oxygen saturation (Table 4.3). The final model included mid-upper arm
circumference, time since last hospitalization, HIV status and the presence of an abnormal
Blantyre coma score. The area under the ROC curve was 0.81 (95% CI 0.75 – 0.87). At a
probability cut-off of 0.037 this model had a sensitivity of 80% (70 – 90) and specificity of 65%
(95% CI 62 – 67) and would generate a positive and negative predictive value of 10.7% and
98.6%, respectively, in a population similar to the derivation cohort.
Model 3 excluded mid-upper arm circumference (Table 4.3). The final model included oxygen
saturation, time since last hospitalization, HIV status, abnormal Blantyre coma score, weight-forage z-score and age. The area under the ROC curve for this model was 0.80 (95% CI 0.74 –
0.86). At a probability cut-off of 0.031 this model had a sensitivity of 80% (70 – 90) and a
specificity of 58% (95% CI 55 – 61). The positive and negative predictive values were 9.1% and
98.1%, respectively.
The fourth and final model excluded HIV status and included mid-upper arm circumference,
oxygen saturation, time since last hospitalization and the Blantyre coma score (Table 4.3). This
model had a final area under the ROC curve of 0.80 (95% CI 0.74 – 0.86) and with a probability
cut-off at 0.034 achieved a sensitivity of 80% (95%CI 70 – 90) and specificity of 62% (95% CI
59 – 65). The positive and negative predictive values were 9.9% and 98.3%, respectively.
An attempt to develop a model that did not use any anthropometric variables was not successful
as no candidate model achieved specificity greater than our pre-defined threshold of 50% while
maintaining acceptable levels of sensitivity. This underscores the importance of malnutrition as
the most important predictive variable for post-discharge mortality.
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Discussion
This study represents the first systematic approach to the development of a simple risk-scoring
algorithm for post-discharge mortality following admission for an acute infectious illness using
prospectively collected data. The variables used in these models are easy to collect and include
mid-upper arm circumference, oxygen saturation, abnormal Blantyre coma score, time since last
hospitalization, HIV status, weight and age. Four prediction models were developed to ensure its
effective application in a variety of clinical circumstances when certain variables may not be
available (specifically, oxygen saturation, HIV and mid-upper arm circumference). The models
which were developed use only variables collected at admission and can therefore easily be
incorporated into the discharge planning process during the hospital stay. Using these models,
the identification of at-risk children would ensure that most children likely to die in the postdischarge period would be identified and that only one-third of admitted children would require
intervention. These children have an average mortality risk of approximately 10%, justifying the
exploration of potentially life-saving interventions. Interventions found to be effective could
likely be brought to scale without inordinately burdening already stressed health systems.
The development and implementation of predictive models into routine clinical care is not
common in resource poor countries. The high prevalence of overlapping diseases (such as
pneumonia, malaria and malnutrition), and the difficulty in creating reliable diagnostic
algorithms to identify eligible populations, create significant difficulty in the application of
disease specific models. To create models with uptake potential they would need to be linked
with existing clinical practices and resources and would also require a shift in how infectious
illness is viewed, not as an episodic diseases but as a continuum beyond the acute episode. The
Integrated Management of Childhood Illness (IMCI), while not a predictive tool per se, is an
algorithm-based approach for the diagnosis and management of acute infectious illnesses. 41
IMCI has seen significant uptake in many countries throughout Sub-Saharan Africa, and has
provided a systematic approach to the care of children within health facilities. More importantly,
it has been show to improve care in the regions where it has been implemented. 70 However, the
IMCI does not address the important issue of post-discharge vulnerability and therefore fails to
provide any guidance beyond the period of acute illness in the hospital, even though the post-
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discharge period will claim as many lives as the acute hospital period. The integration of a postdischarge risk score into IMCI could begin to address this need.
This study is subject to several limitations. A primary limitation of this study is the relatively low
number of outcomes observed. Although our initial sample size estimates were to observe 100
outcomes, we only observed 61. Our comprehensive follow-up of subjects ensured that missed
outcomes are unlikely. Further, the performance of our model was good, with the lower limits of
the calculated 95% confidence intervals for AUC, sensitivity and specificity remaining in the
acceptable range. A further limitation is the lack of external validity. While our research sites
represented the typical East African context, further research is required to ensure the validity of
these models elsewhere, especially in areas with significant differences in the distribution of
important diseases such as malaria, diarrhea and pneumonia. A limitation to application of the
prediction models developed is that the risk score is based on a regression equation and cannot
be easily computed without the assistance of a computer or similar device. However, with the
increasing prevalence of mobile phones in developing countries, health interventions are
increasingly focused on utilizing the computational power of mobile phones to implement lifesaving technology. Several important health interventions use mobile technology to improve
care.71–73
It is clear that malnutrition plays a major role in post-discharge mortality. Mid-upper arm
circumference provided a significant proportion of the predictive power in our models, and
where mid-upper arm circumference was not used, weight-for age z-score played a major role.
No models meeting our pre-specified criteria could be developed without the use of any
anthropomorphic measure. The importance of malnutrition has also been clearly demonstrated in
other studies of post-discharge mortality.19,34,46 Although first described over 50 years ago,
environmental enteropathy (also called tropical enteropathy or environmental enteric
dysfunction) has received significant attention in recent years. It has been suggested that changes
in the gut microbiome and the small intestinal wall (flattened villi, inflammation and increased
permeability) soon after birth can lead to early and irreversible stunting, frequent diarrheal illness
and persistent systemic sub-clinical inflammation. This appears to promote a vicious cycle of
infection and malnutrition. While this is very difficult to address, a focus on nutrition
(micronutrient and macronutrient) both during and following the acute phase of illness may
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reduce the exacerbation of this cycle. Half of the children who died during the course of this
study did so more than 30 days following discharge. Therefore, emphasis must also be placed on
preventing re-infection in vulnerable. Promotion of good health behavior during the postdischarge period is therefore likely to play an important role.
One further area for intervention is education on timely health seeking. Sixty seven percent of
the deaths in this study occurred outside of a hospital context, but 28% of the out-of hospital
deaths occurred on the way to hospital. The education of mothers on the early warning signs of
recurrent illness should also be emphasized during discharge since the common perception may
be that recovery from infection brings a child back to a baseline level of risk, which is clearly not
true. Since all children were enrolled during a hospital admission, physical inaccessibility was
generally not a barrier. A previous study on the hospital burden of pediatric acute lower
respiratory infections found that although 62% of children are treated in the hospital, 80% of
deaths occur outside of the hospital.7 While this study did not address the timing of the out-ofhospital deaths in relation to the hospital visit, it is possible that many of these deaths occurred in
the vulnerable months following discharge.
Conclusions
This study has derived a parsimonious risk-scoring tool for pediatric post-discharge mortality.
Further work is required in external validation of this tool and the development of effective postdischarge interventions.
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Chapter 5. Pediatric post-discharge mortality in Uganda: A prospective cohort study
Background
Although substantial gains in child-mortality reduction have been seen in many areas of subSaharan Africa, most countries within this region will not achieve the required two-thirds
reduction target by the end of 2015 as outlined at the Millennium Summit of 2000.1 While deaths
from infectious diseases such as diarrhea, malaria and pneumonia have reduced significantly,
infectious diseases still account for most under-5 deaths in Africa.3 Improvement in acute care
and access to health facilities have been the focus of many interventions across Africa, resulting
in improved outcomes for these common diseases.55,74 Improved coverage of preventative
interventions such as the use of insecticide treated mosquito nets, essential immunizations and
clean drinking water have also been credited with decreases in child mortality.75
Despite this progress, a vulnerable group that continues to be neglected are those children who
have survived severe episodes of acute infectious diseases. Studies have shown that children in
the post-discharge period are particularly vulnerable, often experiencing mortality rates as high
as those who are hospitalized.56 The discharged child, therefore, represents an easily identified
population in which follow-up intervention could have a profound impact on child mortality. As
access to health centers increases throughout many areas of sub-Saharan Africa, interventions in
children being discharged could represent an increasingly effective method in decreasing child
mortality. Interventions to reduce post-discharge mortality, therefore, represent an important area
of policy and research that must be facilitated. The confirmation of previously identified risk
factors and the further characterization of risk will fill gaps in the understanding of this issue
and, more importantly, the development of new interventions.
Current estimates of post-discharge mortality, and its associated risk factors, are often limited by
retrospective study designs or poor follow-up rates.19,23 Randomized controlled trials conducting
post-discharge follow-up have been done but are limited by the interventional nature of the
studies which may have influenced outcomes following discharge. 22,33 Further, studies are often
disease specific (malaria, pneumonia, diarrhea etc.) limiting their generalizability.21,33,46 This is
especially problematic due to the inherent difficulty in establishing a gold standard for these
diagnoses, and the often occurring issue of co-infections and co-morbidity. An easily identified,
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and relevant, dichotomy among hospitalized (and discharged) children is whether or not the
illness is secondary to a suspected or confirmed infectious disease. This easily applied
stratification is especially relevant in the resource poor context where most hospital admissions
are secondary to infectious diseases, and where these diseases are major contributors to both in
hospital and out of hospital mortality.
Currently, no prospective cohort studies of post-discharge mortality on children with suspected
or proven infections have been published. The purpose of this study was to describe the
outcomes of children admitted with a proven or suspected infectious disease following hospital
discharge.
Methods
Population
This study was conducted at two hospitals (The Mbarara Regional Referral Hospital and The
Holy Innocents Children’s Hospital) in Mbarara, Uganda. The Mbarara Regional Referral
Hospital (MRRH) is the main referral hospital in Southwestern Uganda. It is a public hospital
funded by the Uganda Ministry of Health. MRRH is the hospital associated with the Mbarara
University of Science and Technology and is a primary training site for its health care clinicians.
The pediatric ward of MRRH admits approximately 5000 patients per year. The Holy Innocents
Children’s Hospital is a faith-based children’s hospital offering subsidised fee-for-service
outpatient and in-patient care in Mbarara. The HICH admits approximately 2500 patients per
year.
Design
This was a prospective observational study conducted between March 2012 and December 2013.
This study was approved by the institutional review boards at the University of British Columbia
(Canada) and the Mbarara University of Science and Technology (Uganda). Written informed
consent was required for all subjects.
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Eligibility
All children aged 6 months to 5 years who were admitted with a proven or suspected infection
were eligible for enrollment. Subjects previously enrolled were excluded.
Study procedure
Following the admission of an eligible child, parents were counselled about the study and were
provided an opportunity to consent to the enrollment of their child. Immediately following
enrollment, a research nurse obtained and recorded clinical signs including a 1 minute respiratory
rate, blood pressure (automated), axillary temperature, Blantyre coma score, and using the Phone
Oximeter, a 1 min photoplethysmogram (PPG), blood oxygen saturation (SpO 2) and heart rate.62
Anthropometricc data (height, weight, mid-upper arm circumference) were also measured and
recorded. Age-dependent demographic variables collected at enrollment were converted to age
corrected z-scores according to the World Health Organization Child Growth Standards. 63 The
age corrected heart rate and respiratory rate z-scores were obtained by standardizing the raw
measurements using the median and SD values provided by Fleming et al. 64 The age corrected
z-scores for systolic blood pressure were calculated using subjects’ height, according to the
procedures previously described.65
A blood sample was taken for measure of hemoglobin, HIV and a malaria blood smear
(microscopy). HIV status was determined using rapid diagnostic test serial algorithm. In this
algorithm, positive tests are confirmed by a separate test (from a different manufacturer) and ties
are broken with a third test (from a third manufacturer). Children under 12 months of age with a
positive test were confirmed using PCR. Hemoglobin and leukocyte counts were measured on a
Beckman Coulter Ac.T 5 hematology analyzer.
An interview was conducted with the subject’s parent/guardian and information about previous
admissions, distance from health facility, transportation costs, bed-net use, maternal education,
maternal age, maternal HIV status, history of sibling deaths and drinking water safety were
elicited. Subjects received routine care during their hospital stay and were discharged at the
discretion of the treating medical team. The discharge status of all enrolled subjects was recorded
as death, referral, discharged alive, and discharged against medical advice. The diagnoses made
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by the medical team were also recorded. Upon discharge, families with active telephone lines
were contacted at months 2 and 4 to determine the vital status of the child. Families with no
telephone access received in-person follow-up by a field officer. At approximately 6 months
following discharge all subjects received in-person follow-up. In addition to post-discharge vital
status, health seeking and re-hospitalizations since the initial discharge were also recorded.
Outcomes
The primary outcome was post-discharge mortality during the follow-up period. The secondary
outcome was the composite of post-discharge mortality or re-admission.
Analysis
The primary outcome of post-discharge mortality and the secondary outcome of post-discharge
re-admission or mortality were plotted using the Kaplan-Meier method. The association of each
variable with time to the primary outcome of post-discharge mortality and the secondary
outcome of mortality or re-admission was assessed using Cox regression. By fitting these models
we obtained log hazard ratios for each variable, which were exponentiated to produce hazard
ratios. We used the log likelihood ratio test to assess the significance of the associations
represented by the models. The significance of each regression estimate was tested by the Wald
statistic.
Because of the large number of variables, few primary outcomes and the significant
multicollinearity between many variables, an adjusted model using independent variables in their
original form was not ideal. Principal component analysis was therefore conducted to reduce the
number of variables and eliminate correlation between independent variables. Since the raw
variables represented continuous, ordinal and nominal data, the PRINQUAL procedure in SAS 76
was used to transform the data to make it suitable for principal component analysis. The
algorithm attempts to find transformations for each variable such that the total variance
explained by the first r principal components is maximized. Nominal variables were transformed
using an optimal scoring technique (OPSCORE), ordinal variables were transformed using the
MONOTONE transformation and continuous variables were transformed using an MSPLINE
transformation. Principal components were then extracted from the correlation matrix using the
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FACTOR procedure in SAS. Orthogonal rotation (Varimax) was performed to generate a rotated
factor pattern for improved interpretation of the loadings of each component. Principal
component loadings of greater than 0.30 were considered significant and variables meeting this
level of significance were used in the interpretation of the principal components. Only those
principal components with eigenvalues of greater than 0.1 were eligible for inclusion in the
multivariable model.77 Eligible principal components were entered into a univariate cox
proportional hazards model. Those with p-values of less than 0.1 were retained and included and
reported in a multivariable Cox model. Results were interpreted according to their level of
significance only and not their regression coefficients.
Sample size
This study was designed for dual objectives. The first was to derive clinical prediction models
for in-hospital and post-discharge mortality (for publication elsewhere) and the second was to
describe the epidemiology of post-discharge mortality. The sample size was determined
primarily for the former project. Briefly, to optimally derive a prediction model we aimed to
enroll 1000 subjects assuming an outcome rate of 10% for both in-hospital and post-discharge
mortality. An interim analysis showed that the in-hospital and post-discharge mortality rates
were approximately 5%. Funding allowed enrollment to increase to 1307 subjects.
Results
During the course of the study, 1307 subjects were enrolled out of 1824 subjects who were
screened for eligibility. Reasons for exclusion included isolated malnutrition (n=192), readmission of enrolled subject (n=51), refusal of consent (n=22), cardiac disease (n=19),
poisoning/drug reaction (n=19), cancer (n=12) and a range of other non-infectious admissions
(n=167). During the course of admission 65 (5.0%; 95% CI 3.8% - 6.2%) subjects died, and
1242 (95.0%) were discharged alive (Figure 5.1). The median length admission for enrolled
children who were discharged was 3 days (IQR 2 – 5 days). Six children (0.5%) were lost to
follow-up and a further 15 children (1.2%) received partial follow-up (defined as less than 150
days of follow-up). The remaining 1221 children (98.3%) received full post-discharge follow-up.
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Post-discharge mortality and re-admission
During the post-discharge period 61 children died (4.9%; 95% CI 3.7% - 6.1%) (Figure 5.2).
The median time to death of those who died was 30 days (IQR 7 – 81 days). Of the 61 deaths, 41
(67%) occurred outside of a hospital and 20 (33%) occurred during a hospital re-admission.
During the post-discharge period 204 (16.5%) children experienced at least 1 re-admission
(Figure 5.3), of whom 20 died (9.8%). The composite outcome of re-admission or death
occurred in 245 (19.8%; 95% CI 17.5% - 21.9%) children. The median time to re-admission or
death of those suffering an event was 59 days (IQR 25 – 106 days).
Malnutrition and post-discharge mortality/re-admission
Underweight (weight for age z-score less than -2), wasting (weight for height/length) z-score less
than -2) and stunting (height/length for age z-score less than -2) were common, affecting 28%,
34% and 28% of children, respectively (Table 5.1). Malnutrition, as defined by a mid-upper arm
circumference measurement of less than 125mm was also common, affecting 17% of children.
All anthropometric measures were associated with increased hazards of post-discharge mortality
but were not consistently associated with an increase in the hazard of the composite of readmission and death. The strongest risk factor for post-discharge mortality was a mid-upper arm
circumference of less than 115mm (a standard cut-point for severe malnutrition), conferring a
hazard ratio of 9.74 (95% CI 5.71 – 16.61) compared to the reference category of a mid-upper
arm circumference of greater than 125mm (Table 5.2). The range of 115 – 125 mm mid-upper
arm circumference (moderate malnutrition) was associated with a lower, but statistically
significant hazard ratio of 2.66 (95% CI 1.16 – 6.08). Severe underweight status (weight for age
z-score of less than -3) was associated with a hazard ratio of 4.58 (95% CI 2.67 – 7.85) and
moderate underweight status of -2 to -3 with a non-statistically significant hazard ratio of 1.65
(95% CI 0.75 - 3.61), compared to the reference of a weight for age z-score of greater than -2.
Both stunting (length/height for age z-scores) and wasting (length/height for weight z-scores)
were associated with statistically significant increases in post-discharge mortality hazards, with
both levels (less than -3 and -3 to -2) showing hazard increases of approximately 2.5 fold. Of all
the anthropometric variables, only mid-upper arm circumference of less than 115 was associated
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with statistically significant increases in the hazard of death or re-admission, HR 1.83 (95% CI
1.25 – 2.68).
Clinical signs
Clinical signs at admission included heart rate, blood pressure, respiratory rate, temperature,
oxygen saturation and Blantyre coma score. In the univariate analysis only temperature, oxygen
saturation and Blantyre coma score (dichotomized as normal and abnormal) were significantly
associated with post-discharge mortality. Only oxygen saturation was associated with the
composite of mortality or re-admission. With a reference of >95% saturation, those with oxygen
saturation measures of less than 90% had a hazard ratio of post-discharge death of 3.23 (1.71 –
6.10) and post-discharge death or re-hospitalisation of 1.47 (95% CI 1.10 – 1.98). An oxygen
saturation of between 90 and 95% was not associated with death or the composite of death or rehospitalization. An abnormal Blantyre coma score was associated with a hazard ratio of 2.35
(95% CI 1.28 – 4.34) for the outcome of post-discharge mortality but was not significantly
associated with the composite of mortality or re-admission, HR 1.19 (95% CI 0.81 – 1.74). In the
univariate analysis temperature was divided into 4 categories. Hypothermia was defined as less
than 36 degrees Celsius, normothermia was defined as 36 – 37.5 degrees, and hyperthermia was
divided into 37.5 – 39 and greater than 39 degrees Celsius. Using these categories, only
hypothermia was associated with post-discharge mortality with a hazard ratio of 3.31 (95% CI
1.15 – 9.53). No temperature categories were associated with the composite of mortality or readmission. In the univariate analysis tachypnea, tachycardia and hypotension were not
significantly associated with post-discharge mortality or the composite of mortality or readmission.
Social and health behavior variables
Social and health behavior variables collected at admission included bed net use, maternal
education, distance from hospital, maternal HIV status, maternal age, number of children in
family, sibling deaths, water source and use of boiled water for drinking. None of these were
associated with post-discharge mortality or the composite of mortality or re-admission.
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Discharge diagnoses
The most common discharge diagnoses, as recorded by the treating physician, were pneumonia
(n=390, 31%), gastroenteritis (n=96, 7.7%) and malaria (n=626, 50%). The most common comorbidity was HIV (n=58, 4.7%). Parasitemia was present in 418 (34%) subjects. Admission
hemoglobin as a measure of anemia was recorded with mild (10 – 11g/dL), moderate (7 –
10g/dL) and severe anemia (<7g/dL) present in 190 (15%), 376 (30%) and 331 (26.8%) of
subjects, respectively. In the univariate analyses, pneumonia and HIV were associated with
higher hazards of post-discharge mortality, HR 2.00 (95% CI 1.21 – 3.31) and 4.70 (95% CI 2.45
– 9.04), respectively, while malaria was associated with a lower hazard of mortality, HR 0.37
(95% CI 0.21 – 0.66).
Other variables
Other relevant variables collected included whether the admission was due to a referral,
discharge against medical advice, length of stay, duration of illness, and time since last
hospitalization, all of which were associated with post-discharge mortality. Discharge against
medical advice was associated an increased hazard of mortality, HR 4.24 (95% CI 2.44 – 7.34),
but was not significantly associated with the composite outcome of death or re-admission, HR
1.40 (0.93 – 1.59). Likewise, duration of admission of greater than 5 days (vs less than 3 days)
was associated with a higher hazard of post-discharge mortality, HR 3.23 (95% CI 1.78 – 3.22)
but not mortality or re-admission, HR 1.19 (95% CI 0.86 – 2.07). Time since the last episode of
hospitalization was strongly associated with both post-discharge mortality and the composite of
post-discharge mortality or re-admission. With the reference of no previous hospitalizations each
category of time was associated with a lower hazard of the outcome as the duration increased. A
hospitalization within the previous 7 days was associated with hazard ratios of 3.41 (95% CI
1.40 – 8.27) and 2.60 (95% CI 1.62 – 4.19) for post-discharge mortality and post-discharge
mortality or re-admission, respectively. Re-admissions more than 1 year prior to the index
admission were not associated with an elevated hazard of either outcome.
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Principal component regression
Principal component analysis was conducted utilizing all 33 candidate variables. Of the 33
possible components, 32 had eigenvalues of greater than 0.1 and were therefore retained for use
in the multivariate regression modelling procedure. Components 1 through 8 explained over 50%
of the total variance. Components one (MUAC, weight for age z-score, weight for length/height
z-score) and two (weight for age z-score and height for age z-score) represented nutritional
status. The third component represented a combination of maternal age and the number of
children in the family. The fourth component represented the number of siblings and sibling
deaths. The fifth component contained MUAC and age while the sixth component included the
diagnosis of clinical malaria and a positive blood smear (parasitemia). The seventh component
was loaded with only pneumonia and the eighth component contained only the hemoglobin level.
Twelve of the 32 eligible principal components were retained and used in the multivariable
component regression analysis based on their univariate association (p<0.1) with the dependent
variable. In the multivariable Cox model, seven of the components remained statistically
significant (Table 5.3). The variable loadings of these components largely reflected the results of
the univariate analysis of the raw variables. Mid-upper arm circumference (alone and in
combination with age), oxygen saturation, time since last hospitalization, Blantyre coma score,
discharge against medical advice and HIV status were the variables with significant contribution
in these seven components. Of the 12 components, only the first 3 (components 1, 2 and 5) were
significantly loaded with more than 1 variable.
In the secondary outcome, only components 8, 12 and 17 were shown to be associated.
Component 8 was loaded primarily with the hemoglobin variable and was only significant in the
univariate analysis. The multivariate analysis showed components 12 and 17 to be statistically
significant, reflecting the results of the analysis of the non-transformed variables.
Discussion
This is the first prospective study of post-discharge mortality among an infectious disease cohort
of children in a resource poor context. Post-discharge mortality was a frequent outcome and
reflects the general vulnerability of children during the post-discharge period. This vulnerability
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appears to be secondary to the degree of illness at the time of admission, malnutrition, selfdischarge and HIV co-infection.
Malnutrition was clearly defined as a key risk factor for post-discharge mortality, with each of
the anthropometric measures producing high hazard ratios for this outcome. This has been
previously observed.19,34,46 In the multivariate model, however, the only components containing
an anthropometric variable were components 5 (MUAC + Age) and 32 (MUAC only),
suggesting that mid-upper arm circumference is independently more important than other
measures of malnutrition as a risk factor for post-discharge mortality. This is very useful
information as MUAC is both easier and less resource intensive to measure than weight for age,
weight for height or height for age.
The severity of illness at admission, as defined by the combination of hypoxia, abnormal
Blantyre coma score and hypothermia, was an important measure of risk. This is an important
observation since it may otherwise be assumed that only the degree of recovery from illness is
important.
The prominence of a prior admission and time since the last hospitalization in the multivariate
models is evidence of a decreasing level of vulnerability over time, independent of the severity
of illness recorded during the index admission. The survival curve of the enrolled children
confirms that in this cohort, the risk of death does decrease over time. This was also shown in a
study of all pediatric discharges in Guinea Bissau where the risk of death compared to
community controls was highest initially but decreasing to community levels after 6 months. 20
This has important implications for post-discharge interventions as these must incorporate
strategies that persist beyond the first several weeks.
In this study, most post-discharge deaths occurred outside of a hospital context. This is
particularly concerning since it suggests that initial health seeking is often not followed by
subsequent health seeking among those who are most vulnerable. A recent systematic analysis
of severe respiratory infections in children found that while most episodes were treated in
hospital, most deaths occurred outside of the hospital.7 Although this study does not report the
proportion of out-of-hospital deaths that occur during the post-discharge period, our results
indicate that many of these deaths do occur in children who were first treated in the hospital.
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Further, these results may explain the reason why risk factors for the composite of re-admission
and mortality were not detected. Since most deaths occur outside of a re-admission, admission is
unlikely to serve as a useful surrogate of recurrent severe disease since many cases of severe
disease do not result in re-admissions.
This study is subject to several limitations. The low number of mortality outcomes observed
limits the power of this study to detect potentially important associations between the
independent variables and mortality, particularly for the social and health behavior variables.
Losses to follow-up occurred infrequently and are therefore not likely an important cause of
unobserved deaths. During the course of this study only 6 children were completely lost to
follow-up and only 15 had partial follow-up. Finally, this study represents only the catchment of
two hospitals in Southwestern Uganda and may not be representative of other resource poor
areas in Africa. However, this study utilized the catchment populations of both a referral hospital
as well as a mission hospital, providing some degree of diversity.
In conclusion, mortality following discharge in an important yet poorly recognized cause of
under-5 mortality. Further research on the burden of post-discharge mortality on neonates, young
infants and older children is urgently required to further characterize this issue among the broad
pediatric population. Interventions aimed at decreasing post-discharge mortality must be
prioritized in the continued effort to further reduce childhood mortality.
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Chapter 6. Pediatric out-of-hospital deaths following discharge: A mixed methods study
Background
Of the 6.3 million deaths among children under age 5 years, over half occur due to infectious
sources.55 The leading causes of death among these children – pneumonia, diarrhea, and malaria
– are directly or indirectly related to infections. Focus on infectious disease in Sub-Saharan
Africa will become increasingly important, as the region is projected to account for 60% of all
child deaths by 2030.55
Some studies suggest that child mortality due to infectious disease disproportionately occurs
outside of the hospital context, rather than in the hospital. A recent systematic analysis of
published and unpublished studies of severe acute respiratory infections in children under 5 years
found that although most episodes (62%) were treated in the hospital, 81% of the deaths from
severe respiratory infection occurred outside of the hospital context. 7 This study did not identify
the proportion of out of hospital deaths which at some point received hospital care. This
relationship is of critical importance since previous research has shown that among children who
died following discharge, most do not successfully seek care at a hospital prior to death. 20 Postdischarge death in children is increasingly being recognized as a major contributor to overall
child mortality.
A systematic review of pediatric post-discharge mortality found that rates of death after
hospitalization often exceeded in-hospital mortality. Post discharge deaths generally occurred
early (within several weeks of discharge) and in many cases did not occur in hospitals. 56 Several
factors, including inadequate health seeking behavior and poor access to hospital care, are
responsible for the high occurrence of out of hospital death. 7 Barriers to seeking care in SubSaharan Africa are complex and can include financial constraints, distance to health facilities,
cultural practices, gender dynamics, limited knowledge or information, and health facility
disincentives.78,79 These barriers are thought to contribute to increased child mortality, for
instance, living a long distance from a health facility increased mortality risk by 17% in
Tanzania.80
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Malnutrition, previous hospitalizations and HIV are often identified as key risk factors for postdischarge mortality.56 While these risk factors may assist clinicians in the identification of
vulnerable children, they represent only some of the many parameters necessary to both
understand and prevent post-discharge mortality. Currently, little is known about the health
seeking decisions made by caregivers following hospitalizations for acute illness. Further, the
context surrounding out of hospital death has not been investigated in any research of postdischarge mortality. Improved understanding of the circumstances of post-discharge mortality
and the barriers faced by caregivers is important for the development of interventions aimed at
reducing this burden. The objective of this study is to evaluate the context surrounding out of
hospital deaths in children recently admitted for an infectious illness and to determine the most
important barriers to seeking timely care in children who died out of hospital.
Methods
Population
This study was conducted on a sub-set of participants of a larger cohort study focused on
determining predictors of post-discharge mortality among children admitted with infectious
illness. A detailed review of the methods has been described previously (Chapter 5). Briefly, all
children aged 6 months to 5 years admitted to Mbarara Regional Referral Hospital (MRRH) and
Holy Innocents Children’s Hospital (HICH) with a suspected or confirmed infectious illness
were eligible for inclusion into the main study. All enrolled children had baseline characteristics
measured which included clinical, laboratory and social variables. Patients received routine care
during admission and were subsequently followed-up at 6 months post-discharge for a brief
questionnaire to determine health status and health seeking during the post-discharge period.
An interim analysis of this study suggested that most post-discharge deaths occurred outside of
the hospital context. The study protocol was, therefore, amended to conduct detailed qualitative
interviews with families of study subjects who died during this period. The purpose of these
interviews was to gain further insights into the circumstances behind these out of hospital deaths
and to determine the most important barriers to seeking hospital care during the post-discharge
period from the caregiver’s perspective.
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Eligibility
All subjects who were enrolled in the primary study and who died outside of the hospital during
the post-discharge period were eligible for re-enrollment and re-consent. This amendment was
approved by the institutional review boards at the Mbarara University of Science and
Technology in Mbarara, Uganda and the University of British Columbia in Vancouver, BC.
Study procedure
The families of eligible subjects who died outside of the hospital during follow-up were
contacted by phone and invited to participate in this study. If verbal consent was obtained, the
primary caregiver was visited at their home and formally re-consented. A research nurse trained
in qualitative methods administered a structured questionnaire recorded using a digital audio
recorder (Table 6.1). The questionnaire consisted of eight open-ended questions related to events
leading up to the child’s death and subsequent probes. Questions sought to explore health
seeking behavior and barriers to care just prior to death.
Analysis
Interviews were translated and transcribed from Runyankole-Rukiga into English. Thematic
codebook development followed a standardized framework. 81 Through an iterative process,
interviews were coded and analyzed for descriptive and interpretive themes. Thematic
frequencies were generated to quantify medical symptoms, health seeking behavior, and barriers
to care. Common themes were summarized to describe conceptual frameworks elicited by
caregivers.
To determine if the demographic, social or environmental factors reported at admission were
associated with out of hospital death (vs. in-hospital death), univariate logistic regression
analysis was conducted. Analyses were limited to univariate due to the relatively few outcomes
available. All quantitative analyses were conducted using SAS 9.3 (Carey, NC)
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Results
Participant characteristics
From the cohort of 1,307 children, sixty-one died within six months following discharge from
the hospital, with the majority (n=40) dying outside of the hospital rather than in the hospital.
Among children who died at home the majority had discharge diagnoses of malaria, pneumonia,
HIV and/or anemia. For mothers, the mean age was 29 years, and 35 (87%) had either no formal
education or only primary education (Table 6.2).
The participant population was also characterized by their home environment. Most caregivers
(n=27, 67.5%) lived more than one hour from the hospital. For most, their water supply came
from shallow wells, and approximately one-third of children always slept under a bed net.
Post-discharge mortality
Among 40 children who died following discharge, 31 (77.5%) were staying with both parents
just prior to death. Over half of post-discharge child mortality occurred at home (n= 24, 60%),
while another one-third (n= 11, 27.5%) on the way to or upon reaching a medical facility. The
remaining children died at or on the way to church, to stay with family, or on the way home from
the hospital.
Quantitative results
Several social and environmental factors influenced likelihood of death outside the hospital,
rather than reaching the hospital (Table 6.3). Maternal education was significantly associated
with odds of out of hospital death, such that those with post-secondary school education had a
96% lower odds of their children dying outside the hospital than those with only some or no
primary school education (OR 0.04; 95% CI 0.00 – 0.59). The odds of the child dying outside the
hospital decreased by 62% with each additional level of maternal education, from primary to
secondary to post-secondary (OR 0.38; 95% CI 0.19 – 0.81). Of borderline statistical
significance, children who lived more than 1 hour from the admitting facility had an odds ratio of
3.20 (95% CI 0.92 – 11.12).
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Within the home environment, bed net use and water source were also associated with increased
odds of death outside the hospital. Children who never used bed nets had much higher odds of
out of hospital death than those who used bed nets (OR 8.00; 95% CI 1.56 – 41.03). Similarly,
the odds of dying outside the hospital for children with a shallow well as their primary water
source were 10.5 times the odds of those with municipal water as their primary source (OR
10.50; 95% CI 2.58 – 42.68). The sex, age, and HIV status of the child did not appear to be
associated with out of hospital death, although the small sample does not rule out type II error.
Among children who died, the median duration of hospital stay during the initial admission was
4.5 days, with half of all deaths occurring within 30 days following discharge. Approximately
one-third of caregivers (n=12, 30%) removed their child from the hospital against medical
advice. However, leaving against medical advice was not associated with out of hospital death
(OR 0.97; 95% CI 0.30-3.11).
Descriptive qualitative results
Common symptoms
Nearly all caregivers (n= 36, 90%) recognized that their child was increasingly sick prior to
death. For many children, death occurred within 24 hours of the parent recognizing increased
signs of illness (n=15, 37.5%). Though child illnesses varied widely, caregivers tended to notice
similar symptoms just prior to death. Caregivers commonly observed that their child had
increased weakness, difficulty breathing, cough, vomiting, fever, and severe pain. These
descriptors highlight common symptoms and factors that are notable to caregivers.
Health seeking behavior
Almost all caregivers considered seeking care for their child prior to death (n=36, 90%), but a
small minority did not consider additional care due to monetary expense, recent discharge from
the hospital, or lack of previous improvement. One caregiver explained: “Since I had just been
discharged from a big hospital, [I] did not think of seeking any other care.” Of the 36 caregivers
who considered seeking care, only 30 caregivers actually did so. Common limitations included
transportation costs and arrangements. Among caregivers who did not access care, the majority
had children who died within 24 hours of noticeable symptoms. These caregivers reported, “If
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the sickness was not sudden, they would have taken the child back to Mbarara… but it wasn't
possible because the child died within a short time.”
Most caregivers sought multiple means of addressing the child’s illness, including home
remedies, traditional medicine, health centers, hospitals, and divine intervention. Initial point of
care, indicating the first care seeking behavior after noticing symptoms, varied among
caregivers. The majority first sought care at hospitals (n=11, 27.5%), with a smaller minority
initially going to health centers (n=10, 25%) or utilizing traditional medicine (n=7, 17.5%).
When people took their child to traditional healers or herbalists but noticed no improvement,
they then turned to hospitals or health centers for healing. For example, one caregiver said:
“Child was taken to the herbalist who excised the enlarged lymph nodes and gave herbs for the
enlarged spleen. I noted no improvement, [so] decided to take him to the nearby health center.”
All children who accessed care but died within 24 hours of noticeable symptoms sought help
from a hospital or health center, not traditional medicine. Most of these children died at, or on
the way to, a medical facility due to sudden onset of symptoms.
Common barriers to care
Financial constraints were the most common barrier to seeking care at a medical facility. This
barrier often presented as limited transportation options, which became particularly important
when the child’s health deteriorated during the night. Lack of paternal support also played a
significant role in financial instability for some caregivers. When recently discharged, some
caregivers did not perceive the need to return or assumed their child did not need further
treatment. Most notably, if a caregiver did not observe their child improving after one or multiple
visits to a medical facility, they were less likely to return just prior to the death of their child.
Approximately one-third of caregivers (n=15, 37.5%) reported no barriers to seeking care at a
medical facility (Table 6.4).
Though many barriers were mentioned, two responses were commonly given when asked if
anything could have been done to help the child. Caregivers focused on the need for a ffordable
transport options and access to improved health care services. One father said “if they had fast
means to take their child to hospital, maybe the child’s life would have been saved.” Distance
and road infrastructure contributed to limited transport, as one mother described, “the road was
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so flooded that she failed to get means to reach the hospital in time.” In addition, caregivers often
felt access to better health care – through more services or larger medical centers – would have
helped their child, wishing they had “the money to take [their child] to bigger hospitals for more
tests.”
Interpretive qualitative results
Role of important others
Few children were seen by members of the village health team (VHT) prior to death (n=6, 15%).
Of those who were visited, the VHT served the role of referring to the hospital or providing
medication. Some caregivers noted there was not a VHT in their community. More often,
caregivers had “important others” with whom they sought advice on their child’s health. These
individuals or groups were influential to the caregiver’s health seeking behavior. Over one-third
(n=16, 40%) of caregivers sought advice from neighbors or local health care workers. Others
turned to local leaders, family, religious congregations, and traditional healers for advice. All
health care workers referred the caregiver to a hospital for care, while neighbors more commonly
recommended herbal or traditional medicine. The consistency and influence of important others
indicates they are a salient contributor to health seeking behavior.
Role of the hospital experience
The in-patient experience reportedly had some influence on post-discharge mortality and health
seeking behavior. Though not asked explicitly, approximately one-third of caregivers reported
that their child was initially discharged from the hospital while still sick and exhibiting
symptoms, such as vomiting, diarrhea, severe weakness or convulsions. Among those who
returned to a health facility prior to death, some felt the hospital failed to effectively care for
their child, while others indicated the health care workers tried their best. Interestingly, negative
in-patient experiences did not always color overall perceptions of the health care provided. For
one family, they described how the “process of referral was delayed by health workers… [and]
during this time the child’s condition continued to worsen (convulsing and started bleeding
through the nose and mouth).” However, they felt that “the health workers in the hospital did
their best and gave all possible care.”
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In certain instances, following medical advice seemed to delay health seeking behavior postdischarge. Some caregivers said recent care/discharge or an impending follow-up appointment
delayed them from returning, even when their child’s symptoms worsened. For example, one
caregiver explained: “the child developed difficulty in breathing, sharp pains and was
complaining of thirst… [but] they thought the child would become better since she was on
medication they were given at discharge from the hospital.” Though symptoms were present,
they were discounted or considered likely to improve or not recognized as severe enough to seek
immediate care.
Acceptance of child mortality
Many caregivers expressed acceptance of their child’s death. Half of all caregivers (n=18, 45%)
said nothing could have been done to help their child. These caregivers commonly mentioned
that the illness was “incurable”. Solace seemed to come from the belief that all avenues of care
had been pursued. Caregivers noted that “all the possible measures and assistance were given by
both the health workers and the neighbors.” Many tended to focus on what had been done for the
child, rather than what could have been done, especially if additional measures were unavailable.
Through various expressions, caregivers stated that “[their child] died a natural death like any
other person can die.”
Notably, religion seemed to play a dichotomous role as both curative prior to death and
consoling following death. Some caregivers took their child to church or religious leaders for
prayers, as a means of addressing their illness. One caregiver felt that, “if the child had been
taken to a prayer palace in Kampala, he would have survived.” Others used a religious
framework to explain their child’s passing. Many noted that “it was God’s Plan that [their child]
pass on at that time.” To cultivate acceptance, caregivers often focused on the actions taken to
help the child and acknowledged “the rest was God’s Plan.”
Discussion
This study examined the context of post-discharge deaths occurring outside of a hospital and
determined important barriers to seeking timely medical care in critically ill children during the
post-discharge period. We found that most caregivers pursued multiple avenues of care for their
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child, but in many cases, the child’s health deteriorated quickly. Common barriers, such as
limited transportation and monetary constraints, delayed care seeking prior to death. For recently
discharged children, the caregivers often expressed hesitancy to seek immediate care. Many
perceived upon leaving the hospital that the child was cured or on trajectory for recovery, even
with persisting symptoms. Recognition of preliminary symptoms or improved modalities of
reaching care could enable earlier heath seeking behavior.
These interviews also demonstrated that health care access extends beyond resource limitations;
this study identified important social and environmental risk factors associated with out of
hospital deaths during the post-discharge period. We found that factors, such as maternal
education, water source, and bed net use, were predictive of out of hospital death. Other home
characteristics have been shown to increase the odds of under-five mortality as well, including
large family size, poor birth spacing, poor sanitation, and living in a rural environment. 82 Though
these aspects may not directly influence child mortality, they likely reflect the socioeconomic
status and difficult circumstances within which these families are embedded.
In addition, caregiver attitudes and perceptions were important to health seeking, as they played
a significant role in conceptualizing likelihood of recovery and availability of opportunities.
When asked what could have saved their child, many caregivers chose to focus on steps that
were taken, resources that were accessed, or help that was given, rather than hypothetical areas
of improvement. Some wished for access to better health services existing elsewhere, but few
focused on potential changes in their immediate environment or health system. With a fatalistic
undertone, caregivers often expressed an acceptance of death and the medical resources
surrounding them. Perception of the possible or the changeable seemed to be stifled by previous
experiences, limited control, and the larger social context.
Studies suggest that limited access to health care in developing countries, resulting from delayed
health care seeking or none at all, may be an important determinant of child mortality. 83 Delayed
health seeking behavior, observed in our study among others, often stems from poor symptom
recognition and caregiver perceptions of health resources. 83–86 Previous studies of acute child
illnesses indicate that danger symptoms and disease severity are often not recognized by
caregivers.87,88 A cross-sectional study in Burkina Faso found that clinically defined diarrhea was
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recognized by only 55% of caregivers of whom only half then sought care for their child,
indicating deficits in the perceived severity of the illness. 89 In addition to perceptions about the
illness itself, the perceived etiology, anticipated quality of care, and estimated distance to the
health facility influence health seeking behavior, but their relative contributions are less
studied.90
Caregiver knowledge about health has been shown to protect against child death. 84 Our study,
among others, found that maternal education was incrementally correlated with decreased odds
of out of hospital death and infection.91 Maternal education initiatives have been shown effective
in decreasing disease incidence and child mortality.92,93 Regardless of maternal years of
schooling, hygiene education interventions have been found to reduce the risk of childhood
infections.94
Aligning with evidence from the literature, post-discharge interventions should be developed and
implemented for children at risk of out of hospital death. An emphasis on developing health
knowledge and perceptions of caregivers has the potential to greatly impact child disease and
mortality. Given the identified barriers, delayed health seeking could be improved through
maternal education on early warning symptoms or through establishment of routine postdischarge care, utilizing the available outpatient heath infrastructure (such as post-discharge
follow-up at nearby health centers). In addition to health seeking, promotion of health behaviors
within the home environment, such as bed net use and proper hygiene, may improve health
outcomes, as these behaviors among others serve as a proxy for overall health knowledge.
Some limitations to the study design should be considered when interpreting results. The sample
size was relatively small for quantitative analysis, making the results vulnerable to Type II error.
Therefore, only very strong associations were detected. Despite the small sample size, we found
several variables with high odds ratios for out of hospital death. Another limitation is the external
validity of this study. Our sample was derived from a single region of Uganda and included only
discharged patients from two hospitals. The experiences of patients and caregivers from other
hospitals and in other countries may be quite different. However, our sampled hospitals included
a typical regional government hospital, similar to others in East Africa, and a private mission
hospital. This mixture of health facilities provides as diverse a sample as could be derived from a
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single area. Further, as this qualitative survey was administered near the end of an ongoing study,
differential recall between caregivers whose children recently died compared to those whose
children died earlier during the study, may have played a role in the kinds of events which were
reported. However, this study used very general questions, and due to the importance of the
events, it is unlikely that significant details were forgotten. Finally, this study did not directly ask
about facilitators to health care seeking, which is an important aspect for overcoming barriers.
In conclusion, out of hospital death in an important contributor to mortality in children
discharged from hospital. Barriers contributing to death outside of hospitals are complex and
include financial constraints for transportation, delayed care seeking, and a general unawareness
of the risk surrounding the post-discharge period. These occur in the context of poor maternal
education and poor health behavior. Interventions aimed at improving both the social context
(eg. maternal education) and the health system (eg. emergency transport, post-discharge followup) may help to alleviate some of this burden.
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Chapter 7. A cohort study of morbidity, mortality and health seeking behavior following
rural health center visits by children under 12 in southwestern Uganda
Background
Children who have been discharged from health facilities, especially in developing countries, are
at high risk of significant morbidity and mortality. In many instances the short term mortality
(weeks to months) associated with hospital discharge may be as high, or higher, than mortality
during hospitalization.56 Despite this increased vulnerability in the post-discharge period, few
data exist to characterise the morbidity, mortality and health seeking behavior following primary
outpatient, health center visits among rural populations in low income countries. In 2007,
Lindblade et al. reported the 30 day mortality rate of 2.4% among 1711 sick children 2-60
months of age presenting to seven rural health facilities in western Kenya during a four month
period.95 Of those who died, 12% died on the same or next day and over 40% died within the
first week. However, their admission status following the clinic visit was not reported limiting
any conclusions on the morbidity and mortality during the period following out-patient visits. In
the full cohort, the most important predictors of death included malnutrition, age less than 24
months, anemia, and severe pneumonia.
Of further importance is that lower level health center visits are a critical component of national
health systems in that they not only provide the necessary treatment of acute illness, but that they
provide a linkage to larger hospitals for the referral of children who require care beyond their
scope. An understanding of the disposition of children following outpatient department visits
(and health seeking prior to these visits) is therefore of considerable interest when designing
health interventions aimed at improving the care of children following episodes of acute illness. 96
A broad understanding of these issues could assist in the incorporation of simple risk scores to
guide admission, referral and outpatient treatment decisions, helping to improve timely
intervention among vulnerable children as well as reduce unnecessary intervention. The
development of risk scores that can be used at rural health centers by health workers with limited
training requires that risk factors, especially clinical risk factors, be measured accurately. Severe
pneumonia, consistently identified as an important risk factor for post-discharge mortality, may
be useful in such a risk score, but may be difficult to diagnose at rural health centers by health
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workers with limited training. We have an interest in using pulse oximetry as a sensitive and
repeatable measure of lung injury and its role as indicator of risk while at the same time
incorporating other important derived variables such as heart rate. 97 Other variables consistently
noted to be associated with post-discharge mortality that should be explored in a post outpatient
department (post-OPD) context include nutrition status (weight-for-age z scores) and age.
The purpose of this exploratory study was to identify predictors of both immediate and follow-up
morbidity and mortality among children visiting a rural health center in Southwestern Uganda ,
and to describe in general terms the disposition children following these visits. In addition to
exploring associations of variables known to be associated with post-discharge mortality,
variables thought to be potentially associated with morbidity and/or mortality following outpatient department visits were also examined.
Methods
Study design
This was a prospective cohort study with recruitment from October2012 to January 2013, with
follow-up occurring from November 2012 until May 2013.
Population
The Kyabugimbi Health Center is level IV primary health care centre located in the Bushyenyi
District of South Western Uganda at an altitude of approximately 1400 meters. In Uganda, health
facilities are divided into health centers and hospitals. Health centers range from level I (lowest –
village level) to level IV (highest – county level). Above the level of a health center are three
levels of hospital (district, regional, and the national referral hospital). Health centers generally
focus on out-patient services although many will have limited in-patient facilities, especially
level IV health centers. The Kyabugimbi health center’s diagnostic capabilities are limited to
those tests able to be easily performed using an optical microscope (blood smear and
sputum/stool analysis), or rapid diagnostic tests (urine dipsticks, HIV, malaria). The health center
has the capacity to test and refer for HIV treatment (drugs to prevent mother-to-child
transmission of HIV are available). This health center can treat the common diseases of
childhood including, but not limited to diarrhea, pneumonia, malaria, skin and soft tissue
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infections and tuberculosis. This health center conducts health promotion and immunization
activities in the community. A referral strategy for these illnesses would be generally based on
the national guidelines and IMCI. The catchment population of the Kyabugimbi health center IV
is rural and composed primarily of households dependent upon subsistence and small-scale
farming or small businesses catering to the immediate needs of the community. The nearest
referral center is approximately 25 km away. In this population approximately 17% of children
under-five years are considered underweight, 36% stunted and 8% wasted (unpublished data
from the baseline survey conducted by Healthy Child Uganda in Bushyenyi District in 2012).
The Bushenyi district has recently been the focus of a maternal-child health program, Healthy
Child Uganda, funded under the Canadian government’s Muskoka Initiative. This has allowed
for a substantial investment in the training of volunteer community health workers (village level
health center I) and the implementation of the Integrated Community Case Management
guidelines.98 These volunteer community health workers are often the first health workers to
assess children who are ill. They are trained to diagnose and treat early stages of malaria,
pneumonia and diarrhea in children, as well as identify those children in need of referral to
higher levels of care. The drugs available to these community health workers for the treatment of
children include oral antibiotics (amoxicillin), oral anti-malarials (artemether-lumefantrine), oral
rehydration salts and oral zinc. The Kyabugimbi Health Center IV offers a general service,
providing pediatric, adult and maternity care. Limited in-patient pediatric facilities make this
health center primarily an outpatient center. Children with more severe disease are referred to
higher level health centers. The health center provides care to approximately 10-20 pediatric
patients per day, with seasonal fluctuations. Most children accessing care live within 30 minutes
of this clinic (either by walking or public transportation). The care is provided primarily by
nurses with 1-2 years of training and clinical officers (2-year diploma trained paramedicals with
diagnostic and therapeutic training). There are generally no physicians available and the centre
operation is primarily during the day time. The Integrated Management of Childhood Illness
(IMCI) guidelines form part of the national guidelines of care in the diagnosis and treatment of
the most common childhood illnesses and is used at this center.99
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Eligibility
All children aged 0 – 12 years old presenting with a parent or guardian to the health center
between October 10, 2012 and January 31, 2013 between 8am and 5pm on non-holiday
weekdays were eligible for enrollment. This time period encompassed both the rainy season and
early part of the dry season. Children were only enrolled on one occasion during the course of
the study.
Data collection/measurement
Following informed consent, a trained research nurse interviewed the parent/guardian of each
child to collect social, demographic, health seeking, health behavior and clinical data. The
research nurse obtained and recorded clinical signs including respiratory rate (tapping
method)100 , blood pressure (automated), axillary temperature, and using the Phone Oximeter, 62 1
min photoplethysmogram (PPG), blood oxygen saturation (SpO 2) and heart rate.
Anthropomorphic data (height, weight, mid-upper arm circumference) were also measured and
recorded. These were recorded separately from the routine examination by the health center staff.
The diagnosis made during the visit by health center staff was recorded, as was the outcome of
each visit (outpatient treatment, referral, admission, death). All enrolled children received
standard care during the sick-child visit. Approximately two to four months following the visit,
subjects were visited at their place of residence by a field officer. During the follow-up visit the
vital status (alive or dead) as well as all health seeking since the visit were recorded, as recalled
by the primary caregiver of the child. The date of each health seeking episode was recorded
along with the type of provider seen. PPG recordings were analyzed for artifacts and other
quality degradations using Gaussian filters and cross-correlation101 and sorted according the
quality (perfect, acceptable, challenging, last resort, unusable/unavailable) and duration. This
automated quality assessment was visually validated by an Anesthesiologist. Median heart rate
and SpO2 were extracted from the largest artifact free PPG recording for each subject. Agedependent demographic variables collected at enrollment were converted to age corrected zscores according to the World Health Organization Child Growth Standards. 63 The age corrected
heart rate and respiratory rate z-scores were obtained by standardizing the raw measurements
using the median and SD values provided by Fleming et al. 64 The age corrected z-scores for
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systolic blood pressure were calculated using subjects’ height, according to the procedures
previously described.65
Outcomes
The primary outcomes were stratified by immediate and follow-up events. Immediate events
were those occurring at the time of the initial sick child visit. These were defined (1) admission,
(2) death and (3) referral. Admission was defined as an admission to the Kyabugimbi health
center IV. Referral was defined as a referral made by the attending clinical officer to a higher
level of care. Death was defined by death during the course of admission, or if referred, as death
during transport or admission at the referral center.
Follow-up events were those events which occurred within 30 days following the initial health
center visit (or following discharge/referral in those who were either admitted or referred) and
were exclusive of immediate events. These were defined as a new admission to a health
center/hospital, death, or visit to one of five categories of health care providers. The five
categories were (1) nurse (2) doctor/clinical officer (3) community health worker (4) traditional
healer and (5) untrained health worker. A secondary outcome of death and/or hospital admission
within 30 days was also analyzed against potential predictor variables.
Statistical analysis and sample size
Census sampling of all children under 12 years of age attending the clinics during weekday
working hours was carried out for 16 weeks. The purpose of this exploratory study was to be
hypothesis generating rather than hypothesis testing. We assumed a 10% composite event rate
for both immediate and follow-up events. With enrollment of 500 subjects we estimated an
accrual of 50 immediate and 50 follow-up events, providing sufficient statistical power to
explore possible univariate associations between potential predictor variables and these
outcomes. Database preparation was done using R 3.0 (Statistical analysis was conducted in SAS
9.2 (Carey, NC)). Univariate logistic regression was used to model the association between each
potential predictor variable and both immediate and follow-up events, with the odds ratio and a
95% CI being the measure of association. Since subjects could be labelled with more than one
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diagnosis, the analysis of diagnostic category was done as an adjusted analysis, controlling for all
diagnostic categories.
Ethical considerations
This study received research ethics approval from the Mbarara University of Science and
Technology, Uganda and the University of British Columbia, Vancouver, Canada. Written
informed consent was provided by a parent or guardian of all included subjects.
Results
Over the four-month recruitment period there were 808 sick-child visits, of which 717 were
enrolled (89%). Of the 717 enrolled subjects, 604 (84%) received a successful follow-up visit. Of
the 91 excluded subjects 78 had no parent/guardian present, 2 were already enrolled, 2 refused
consent and the remaining were excluded as their visits were not due to an illness (Figure 7.1).
The median age of the children representing the sick child visit was 25 months (IQR 11 – 64)
and 360 (50.2%) were male (Table 7.1, Figure 7.2). Most subjects (75.2%) lived within 30
minutes from the health center by public transport and only 3% lived more than 60 minutes from
the health center. Over 70% of subjects presented with an illness duration of less than 7 days.
Diagnoses made during the sick child visits were grouped into 10 categories (Table 7.2).
Pneumonia, clinical malaria and non-specific respiratory tract infections were the most common
infection related diagnoses made, with 23%, 30% and 37% of children receiving these diagnoses,
respectively. Sixty percent of subjects had a non-infectious diagnosis (eg. reactive airway
disease, trauma, malnutrition etc.), although most of these were diagnosed concurrently with a
suspected infection. Six hundred and six of the 717 subjects had a blood smear examined for
parasitemia of which 27 (4.5%) were positive. Overall, 651 (91.4%) of children had a suspected
infection and 61 (8.6%) were not diagnosed with any infectious illness.
Immediate events
There were 85 (11.9%) immediate events among the 717 sick child visits. Seventy two subjects
(10.1%) were admitted following assessment by the clinical officer, 16 (2.2%) were referred to a
higher level of care by the clinical officer (three were admitted and referred) and no subjects died
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(Table 7.3). An immediate event occurred in 12.1% of children with suspected infections and in
6.6% of children with no suspected infection (risk difference, 5.6%; 95% CI -1.1% to 12.3%).
Among demographic variables distance to health center predicted immediate events, with
subjects living between 30 and 60 minutes from the health center having an odds ratio of 1.95
(95% CI 1.15 – 3.31) when compared to those living less than 30 minutes away (Table 7.4).
Those living greater than 60 minutes away had a non-significant odds ratio of 2.38 (95% CI 0.77
– 3.46); however only 3.1% of subjects were in this distance category. Neither maternal
education, number of siblings nor maternal HIV status was associated with immediate events.
Children older than five years had a lower odds of immediate events compared to the reference
group of children under 12 months of age (OR 0.45, 95% CI 0.22 – 0.94). Children in the 12 –
24 month category and those in the 24 – 60 month category were not associated with higher odds
of immediate events.
Upon analysis of health seeking and behavior variables, having received an antimalarial prior to
the visit was highly predictive of an immediate event with an odds ratio of 2.17 (95% CI 1.36 –
3.45). A total of 202 (28%) of subjects had used an antimalarial prior to the sick-child visit.
Antimalarial use prior to the health visit was associated with being seen (or referred) by a
community health worker (p<0.0001) with 60% of those referred by their community health
worker having received an antimalarial versus 20% of those not referred. Antibiotic use prior to
the sick-child visit occurred in 265 (37%) of subjects, but was not associated with immediate
events despite a similar distribution of antibiotics between those referred/seen by their
community health worker and those not seen or referred (p<0.0001). Having been seen by a
community health worker for the presenting illness predicted an immediate outcome (OR 2.03,
95% CI 1.26 – 3.27), while being referred by the community health worker was not associated
with this event (OR 1.51, 95% CI 0.88 – 2.57).
Elevated raw and age adjusted respiratory rates and heart rate were associated with immediate
events. Elevation in temperature was highly significant, with each degree increase above 36.5 C
being associated with an odds ratio of 2.02 (95% CI 1.57 – 2.57) of immediate events. SpO2,
analysed as a continuous variable, was associated with an immediate event. For each 1%
decrease in SpO2 there was a corresponding 6% increase in the odds of immediate events.
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Children who were severely underweight (defined as weight for age z scores less than -3) had a
higher odds of immediate events with an odds ratio of 2.72 (95% CI 1.27 – 5.81). Children who
were moderately underweight (defined as a weight for age z-score between -2 and -3) did not
have a statistically significantly higher odds of immediate events.
An adjusted analysis of the diagnostic categories was made to determine their association with
immediate events. Both clinical malaria and pneumonia were highly associated with immediate
events with statistically significant odds ratios of 4.50 and 4.13, respectively. Non-specific
respiratory tract infections had a strong negative association with immediate events (OR 0.13,
95% CI 0.04 – 0.40).
Follow-up events
Forty-seven (7.8%) events occurred during the first 30 days after the initial sick child visit in the
604 subjects who were successfully followed-up (Table 7.3). During this time 3 (0.5%) children
died, 8 (1.3%) were admitted to a higher level of care facility and 44 (7.3%) were taken to one of
5 categories of health care providers. Among the 44 children seen by a health care provider, 19
(44%) were seen by a physician/clinical officer, 10 (23%) by an untrained health worker, eight
by a community health worker (18%), 3 (6.8%) by a nurse and none by a traditional healer. The
variables associated with early events were not associated with late events. The occurrence of an
early event was not associated with follow-up events (OR 1.11, 95% CI 0.45 – 2.71), although
few events may have led to type II error. In the demographics and health behavior category the
consistent use of a bed nets was paradoxically associated with a higher odds of follow-up events
when compared to not using a bed net. In the clinical category only a higher age adjusted z-score
for systolic blood pressure was associated with higher odds of the event. A sensitivity analysis of
follow-up events in those not experiencing an immediate event was conducted but did not lead to
important differences compared to the analysis of the entire cohort (data not shown).
The secondary outcome of admission and/or death within 30 days occurred in 11 study subjects.
Analysis of potential predictor variables against this outcome found that a low SpO2, analyzed as
a continuous variable, was significantly associated with this event (OR 1.07, 95% CI 1.01 – 1.14)
with each percent reduction in SpO2 being associated with an approximate 7% increase in the
odds of either death or subsequent admission.
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One hundred and thirteen subjects were lost to follow-up (16%). Children who were successfully
followed-up were similar to those who were lost to follow-up, although some differences were
noted. Statistically significant differences were present in maternal education, number of
siblings, baseline respiratory rate and baseline oxygen saturation (Table 7.5).
Discussion
Young age, distance from health facility, previous contact with a community health worker as
well as several vital signs were associated with admission or referral following sick-child visits
at a rural health center in South Western Uganda, but were not associated with follow-up events
including death, subsequent admission or further health seeking behavior. Health centers, rather
than hospitals, are often the point of entry for sick children, especially rural children, in subSaharan Africa. It is therefore important to understand the epidemiology of sick -child visits in
this context. In this exploratory study, children visiting a rural level IV health center for care
were enrolled and outcomes were assessed immediately and at one month following their visit.
A recent systematic review of post-discharge morbidity and mortality found that children
entering the post-discharge period are vulnerable, often at a higher risk of mortality than during
the hospitalization period.56 While this observation highlights the vulnerability of hospitalized
children in resource poor countries, far more children are assessed (primarily as outpatients) at
community health centers than at referral centers when ill. These health centers may be far from
referral centers and be handicapped by lower staff ratios, less expertise and training, less
equipment and less medication. The ability to identify children who remain vulnerable following
rural health center visits would be of substantial utility in designing community health
interventions which could be applied during health visits. The development of risk -scoring tools
that use simple and easily measured variables to predict vulnerability could significantly aid such
efforts.
The findings of this study suggest that future studies aiming to link illness related variables to
morbidity and mortality following sick-child visits should be designed to capture more clinically
significant outcomes, such as death and admission. The frequency of such outcomes (about 2%)
in this study partly reflect the difficulty of conducting such studies at the health center level and
may be an important reason why so little data currently exist in this area. We estimate that a
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study of approximately 5000 subjects would be necessary to accrue the recommended 100 events
to be able to reliably attempt the development of a 10-variable prediction tool.102 While
conducting a prospective study to create a clinical prediction model may therefore be more
feasible at the hospital level, where the level of illness and risk post-discharge morbidity and
mortality are much higher, such a tool may not have sufficient external validity to be applied at
the health center level.
Geographic barriers to health care in rural areas have been well described. 103,104 In this study
distance was measured by self-reported travel time and self-reported travel costs. In the analysis,
transport time but not transport cost, was associated with immediate events. Neither cost nor time
was associated with follow-up events. A recent study from rural South Western Uganda found
that distance as measured by self-reported time or cost was not associated with missed HIV
clinic visits, but that distance as measured by straight-line GPS was highly associated with
missed clinic visits.105 Future studies examining morbidity, mortality and health seeking among
pediatric populations should consider using more objective means of distance measurement, such
as GPS tracking, rather than self-report.
Prior consultation with a community health worker, but not referral by a community health
worker, was associated with immediate events. This suggests that those seen but not referred
were more vulnerable than the other enrolled children at the time of the sick child visit compared
to those who were referred. No temporal data was collected on the timing of these visits, but it
may be the case that those who were not referred were ineffectively treated in the community
and therefore had delayed transfer to a higher level of care. Also, those with antimalarial
treatment prior to the sick child visit had a higher probability of admission or referral, indicating
that perhaps an incorrect malaria diagnosis or inadequate malaria treatment in the community
was possible. The fact that most of those who had been either seen or referred by a community
health worker had prior exposure to antibiotics or antimalarials suggests that the community
health workers commonly provided or recommended the use of these drugs. More research on
referral patterns, treatment strategies and outcomes following community health worker visits is
required to further understand these observations.
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The association between clinical variables and immediate events is not surprising since these
variables are closely tied to the decision algorithms used in determining the need for admission
and referral. The diagnosis of malaria or pneumonia by the clinic workers was also associated
with immediate events, but not follow-up events. This is in contrast to several studies of post
hospitalization which clearly show that diagnoses like pneumonia and low weight-for-age Z
scores are associated with post-discharge morbidity and mortality.19,34 Our study, however, was
comprised mostly of children who were not admitted and the outcomes of admission and
subsequent health-seeking were less robust than outcomes of re-admission and death often used
in post-discharge research.
There were too few deaths to conduct any conclusive analyses using this outcome alone.
However, a secondary analysis limiting the outcome of interest to death or admission within 30
days (n=11) was not associated with any of the prospectively collected variables with the
exception of low SpO2. In this analysis, for each 1% decrease in SpO2 the odds of the negative
outcome increased by approximately 7%. The altitude of approximately 1400 meters at the
health center resulted in a relatively low median (97.3%) oxygen saturation and would increase
the statistical power in identifying children with impaired gas exchange (steep part of the oxygen
dissociation curve). Further study on the utility of oxygen saturation as a predictor of post sick
child visits is required and this result should be interpreted cautiously since this was a secondary
analysis.
This study is subject to several limitations. First, and most importantly, the clinical variables
collected for the study during the sick child visit were available for the health care center staff
seeing the child. Therefore, although the research nurses did not determine or implement a
treatment plan, the additional variables collected may have influenced the decision to admit or
refer the subject.
Loss to follow-up was a factor in approximately 16% of enrolled subjects. Those who were lost
to follow-up may have been more vulnerable than those who were found and interviewed,
limiting our ability to detect important predictors of health seeking following admission. While
most characteristics were similar between those found and those lost to follow-up, differences in
baseline respiratory rate, oxygen saturation, maternal education and the number of siblings
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suggest that those lost to follow-up may have been more vulnerable. The limited sample size and
the short period over which this data was collected contributed to both the possibility of type II
error as well as limited insight into the seasonal variability of illness and its effect on illness and
health seeking following the initial sick child visit. The duration of time between
discharge/release from the health center following the sick-child visit and the time of data
collection may have led to recall bias. It is possible that mothers were more likely to recall more
significant episodes of illness/care seeking and that less significant episodes were missed.
Finally, our post-visit outcome combined three different events: death, admission and further
health care seeking. Clearly these are very different types of events and it is likely that many
instances of health care seeking were for relatively benign conditions and likely to be unrelated
to the initial sick child visit. This additional noise in the outcome will significantly limit
detection of important parameters present at the visit that are associated with important post-visit
illness.
In conclusion, this study showed that sick-child visits at a rural health center in South Western
Uganda were associated with rates of mortality and subsequent admission of less than 2% and
rates of health seeking of 7% in the 30-day period following the sick child visits. Age, distance
to health facility, diagnosis and several clinical variables were associated with immediate events
but there were no reliable predictors of 30-day follow-up events identified in this study.
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Chapter 8. Pediatric sepsis in Uganda: A prospective cohort study
Background
Pediatric sepsis is defined by the pediatric international consensus conference as the presence of
the systemic inflammatory response syndrome (SIRS) in association with a confirmed or
suspected infection.24 The current sepsis definitions consist of a continuum of syndromes
progressing from sepsis (above) to severe sepsis to septic shock based on the presence of organ
dysfunction. These definitions were initially developed for use in clinical research but have been
progressively introduced into clinical care. In adults, for instance, the systemic inflammatory
response syndrome, has been incorporated into emergency department early warning for serious
infectious illness.106 These definitions also form the basis for guideline development in both
adults and pediatrics in developed countries.107 In the resource constrained context, however,
sepsis as a syndrome is largely absent from the pediatric global health lexicon, with the notable
exception of neonatal sepsis. Rather, infectious disease is considered vertically, with a disease
specific focus rather than an infectious syndrome based approach. 108 While this approach fits
well with the incorporation of disease specific treatment algorithms, it neglects the fact that
many diseases exist concurrently, and that a general syndrome of infection may be helpful in
defining risk and guiding treatment in these populations.
Although sepsis, with its definitions of increasing severity, may be helpful as early warning signs
of risk, only well-resourced centers can actually provide such diagnoses since the resources
required are often not available or too costly for routine use. This is a clear and recognized
limitation of the current definitions of sepsis.43 Even the most basic SIRS-based definition of
sepsis requires a white blood cell count which is often not available in lower level health
facilities. Currently no studies have been conducted in resource constrained settings to determine
the prevalence of sepsis, nor its ability to identify children who die of an infectious illness. The
purpose of this study is to determine the hospital burden of pediatric sepsis using its most basic
definition (SIRS in association with suspected or proven infection) and to evaluate it as an early
warning sign of infectious disease associated mortality.
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Methods
This study was conducted as a secondary analysis of a previously published study evaluating
pediatric post-discharge mortality in Uganda (Chapters 4 and 5). The methods have been
previously described in detail (Chapter 4). Briefly, this was a two-site, hospital-based cohort
study in Mbarara, Uganda. This study was approved by the research ethics boards of the
University of British Columbia (Vancouver, Canada) and the Mbarara University of Science and
Technology (Mbarara, Uganda). Children who were between 6 months and 5 years of age and
who were admitted to either site with a suspected or proven infection were eligible for
enrollment. Children previously enrolled were excluded. Enrollment occurred between March
2012 and January 2013. A research nurse obtained consent from a parent/guardian of all enrolled
children and then collected admission variables including vital signs and blood for a full blood
count. Demographic variables including age, sex, known comorbidities, anthropometric variables
(weight, length/height, mid-upper arm circumference), length of stay, discharge diagnosis and inhospital vital status were also obtained. All children received routine care in accordance to the
national guidelines during their admission under the care of the hospital medical team. 109 The
medical team included pediatricians, medical residents, medical interns, nurses and nursing
interns.
Outcomes
The primary outcome was the burden (prevalence) of sepsis (SIRS) among admitted subjects and
its performance (sensitivity, specificity and positive/negative predictive values) in predicting
death during admission. Sepsis was defined by the pediatric international consensus conference
as the presence of the systemic inflammatory response syndrome (SIRS) in association with a
confirmed or suspected infection (Table 8.1). Since temperature was measured via an axillary
probe, it was assumed to be 0.5 oC lower than a core temperature. A measured axillary
temperature of 38.0oC was therefore assumed to be consistent with a core temperature of
38.5oC.Therefore, the threshold for meeting the hyperthermia cut-off was reduced from 38.5 oC to
38.0oC. Secondary outcomes included the proportion of subjects meeting the cut-off points for
each component of the sepsis definitions (heart rate, respiratory rate, leukocyte count,
temperature) and the proportion of subjects meeting the sepsis definition by each defining
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criteria (temperature with leukocyte count, temperature with heart rate, temperature with
respiratory rate, leukocyte count with respiratory rate and leukocyte with heart rate) and to
determine the predictive performance characteristics of these individual criteria in predicting
mortality.
Statistical analysis and sample size
The sample size is 1307 subjects, the sample enrolled for the primary study analysis previously
reported (Chapters 4 and 5). Analysis was primarily descriptive. Proportions were calculated
along with 95% confidence intervals. All analyses were conducted using SAS 9.3 (Carey, NC).
Results
One thousand three hundred and seven (1307) subjects with a confirmed or suspected infection
were enrolled following the screening of 1824 subjects during the course of the study (Figure
8.1). Of these, 517 (28%) were excluded most often due to not admitted with a confirmed or
suspected infectious illness (12% were not enrolled due to consent refusal or since they were
already in the study). The most common reasons for exclusion included malnutrition without
concurrent infection (n = 192), admission of an already enrolled subject (n = 51), living outside
of catchment area (n = 35) and refusal of consent (n = 22). The median age of enrolled subjects
was 18 months (IQR 11 – 34) and 717 (54.9%) were male (Table 8.2). Among the enrolled
subjects, 380 (29.1%) were underweight (weight for age z-score < -2), 473 (36.2%) were wasted
(weight for height/length z-score <-2) and 368 (28.5%) were stunted (length/height for age zscore <-2). The most common diagnoses made by the medical team during the course of
admission included pneumonia (31%), clinical malaria (50%) and gastroenteritis/diarrhea (8%).
The median length of stay was 3 days (IQR 2 – 5).
Sepsis and mortality
Over the course of admission, 65 children died (5.0%). Out of the 1307 subjects enrolled with a
confirmed or suspected infection, 1121 (85.9%) met the systemic inflammatory response
syndrome criteria, and therefore were defined as having sepsis. Of the 1824 screened subjects,
61% met the sepsis criteria. The sepsis criteria captured 61 out of 64 deaths (1 death was
excluded due to missing data resulting in inability to determine SIRS status), demonstrating a
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sensitivity and specificity of 95% and 15%, respectively. The corresponding positive and
negative predictive values were 5.4% and 98.4%, respectively (Table 8.3). Of those who died,
27 (42%), 19 (29%), 7 (11%) and 7 (11%) had a final diagnosis of malaria, pneumonia, diarrhea
and meningitis, respectively (Table 8.4). Seven (11%) were diagnosed with more than one
primary infection (pneumonia + malaria, pneumonia + meningitis etc.) and 8 (12%) were
diagnosed with sepsis that was unspecified.
The proportion of children meeting each SIRS criteria and those meeting the sepsis definition
based on each combination are shown on Table 8.3. Overall, 587 (45%) of subjects had a
leukocyte abnormality (12% below the age-threshold and 88% above). One thousand forty two
(80%) had a temperature abnormality, of whom 36 (3.5%) were hypothermic and 1006 (96.5%)
were hyperthermic. Four hundred and fifty three (35%) had a heart rate abnormality. One
thousand two hundred forty six (95%) were tachypneic according the SIRS criteria. For the five
combinations of criteria defining SIRS, abnormal temperature with tachypnea was the most
sensitive (81%) providing positive and negative predictive values of 4.8% and 93.3%. The
combination of abnormal leukocyte with abnormal heart rate was the most specific (84%) in the
prediction of mortality (PPV 7.8%; NPV 95.7). The distribution of diagnoses between these
groups did not differ substantially.
Three subjects died but were not identified by the SIRS criteria at the time of admission (Table
8.5). They died on day 0, day 2 and day 4 of their hospital stay. The child who died on the day of
admission was admitted in a comatose state with a Blantyre coma score of 2 (out of 5). While the
heart rate, leukocyte count and temperature did not meet the SIRS criteria cut-offs, the
respiratory rate was 11 and the oxygen saturation was 62%. The other two study subjects had
normal coma scores, and although they had derangements in their vital signs, these were not
sufficient to meet the SIRS criteria.
Discussion
This study is the first to quantify the burden of non-neonatal pediatric sepsis, using the
international consensus definition, in a typical resource constrained setting in Africa. The burden
of sepsis is very high with most children admitted to hospital with a suspected or confirmed
infection being septic by this definition. Of all screened subjects (with and without a
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proven/suspected infection) over 60% were septic. Further, nearly all enrolled children who died
were septic at the time of admission.
Few studies have evaluated SIRS (or SIRS based-sepsis) in the pediatric context. A hospitalwide point-prevalence study from Latvia found that among children with fever, 72% met SIRS
criteria.110 However, given the point-prevalence design, these results cannot be interpreted in the
admission phase context. The use of Pediatric Early Warning Scores (PEWS) have been the
subject of considerable focus in attempts to develop systems that can effectively risk stratify
patients in emergency department setting of developed countries. 111 These PEWS are generally
meant to be an adjunct to more established acuity scores such as the Manchester Triage System,
Emergency Severity Index or Pediatric Canadian Triage Acuity Score.112–114
In resource poor settings, however, triage scores are less well established. The emergency triage
assessment and treatment (ETAT) program has been developed and implemented with notable
success in Malawi, where significant reductions in in-hospital mortality were observed.74 This
program included the application of a triage system alongside improved coordination with
outpatient departments, improved patient flow and extensive training. While triage programs
such as ETAT must be encouraged, these could be improved with the integration of simple riskscoring tools. Another system, the integrated management of childhood illness (IMCI) is wellrecognized and increasingly utilized for the diagnosis and treatment of common childhood
illnesses in resource poor settings, but has no integrated approach to the triaging of children. The
use of danger signs could be used for this purpose, and has been evaluated in Tanzania to
determine its predictive characteristics.115 In this referral hospital in Northern Tanzania, the
presence of one more danger signs had a sensitivity and specificity of 76% and 38%, respectively
to capture children who died in hospital. In our study, a sole leukocyte abnormality had similar
characteristics with a sensitivity and specificity of 72% and 56%, respectively. Our research
group’s recent analysis of the dataset from which this present study is described has derived a
prediction model using only the readily available variables of weight for age z-score, Blantyre
coma score and HIV status. Our model had a sensitivity of 83% and specificity of 76% for
mortality, significantly higher than either a SIRS based criteria or an IMCI based criteria
(Chapter 9).
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The very high proportion of subjects meeting the sepsis criteria in this study clearly demonstrates
the high degree of acuity of children presenting to typical hospitals in East Africa. As a result,
further discrimination is necessary above (or instead of) the SIRS based sepsis criteria for any
risk-stratification intervention. While defining risk based on the definitions of severe sepsis or
septic shock would be an excellent starting point, the resources required for this are not available
in the majority of hospitals and health centers in resource poor countries. Of the four criteria
used in the SIRS definition, an abnormal respiratory rate, followed by an abnormal temperature,
were the most common criteria present at admission, with an abnormal respiratory rate occurring
in over 95% of all children admitted with a suspected infectious illness. It is therefore not
surprising that the most common combination of criteria fulfilling the sepsis definition is the
combined abnormality of temperature and respiratory rate, occurring in more than three quarters
of children. The leukocyte count, used alone, appeared to be the most discriminatory variable
among the SIRS variables, considering its relatively high sensitivity (72%) along with concurrent
high specificity (56%). This confirms the importance of this parameter in the SIRS definition.
Defining sepsis based on the consensus definitions, as in this study, has been demonstrated to
capture different children than either more subjective clinical definitions (used by medical teams)
or those derived using administrative databases.116 This underscores the importance working
towards a sepsis definition that can be more easily incorporated into clinical research, care and
administrative coding. As this work continues, it is imperative that those working in the global
health context advocate for the development of definitions suitable for resource poor areas that
can be used for both clinical care and for research.
This study is subject to several limitations. First, sepsis criteria were evaluated only at a single
point in time, the time of admission. Of the three children who died but did not meet the sepsis
definition, only 1 would clearly have likely been septic by the definitions of severe sepsis or
septic shock. The others may have fulfilled the sepsis criteria at some later point during their
admission, but this was not evaluated. Second, this study only evaluated the presence of SIRS in
those with a proven or suspected infection. Of the 517 excluded subjects who were admitted due
to non-infectious reasons, the prevalence of SIRS remains unknown in this context. However, the
primary objective was to determine the prevalence of sepsis and not SIRS per se. Finally, this
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study is limited by the fact that it only enrolled subjects from two hospital and therefore may not
be representative of other hospitals and health centers in East Africa.
In conclusion, sepsis is present among nearly all children 6 months to 5 years admitted to the
hospital in Uganda. The consensus definition of sepsis, while sensitive in capturing children who
die during hospitalization, lacks specificity. Other methods of risk stratification should be used to
aid in triage in this context and new and more specific definitions of sepsis relevant to this
context must be developed.
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Chapter 9. Predictors of inpatient-death in two hospitals of Uganda
Background
The fourth United Nations Millennium Development Goal (MDG4) aims to reduce global under
five mortality by two thirds from the levels seen in 1990 before the end of 2015. 1 Despite
substantial worldwide progress and significant gains in some regions, this achievement will not
be reached in most countries of sub Saharan Africa. 3 Currently, over six million children under 5
years of age continue to die annually, of which 3 million occur on the African continent alone.55
Most of these deaths are due to infectious diseases. 5,55
Severe infections including pneumonia, malaria and diarrhea remain the most common cause of
death in children worldwide. Pneumonia alone kills more than 1.2 million children annually in
resource poor countries.5,8 To help address this burden, the World Health Organization
introduced the Integrated Management of Childhood Illness (IMCI) guidelines. 53 These
guidelines offer a syndrome based approach to identify major causes of death in children <5
years in resource poor countries. It is generally used in health centers and hospitals and provides
standardized treatment protocols for the most common diseases encountered. Whereas the IMCI
guidelines provide an approach to the identification and management of common pediatric
diseases, they do not provide any risk scores for the identification of children at high risk of
mortality. While the IMCI guidelines do provide a list of danger signs for each condition,
facilitating an approach for referral decisions, these were not developed for risk scoring per se.
Several risk scoring models have been developed for use in developed countries to determine inhospital mortality in pediatric patients. The Pediatric Risk of Mortality (PRISM), Pediatric Index
of Mortality (PIM) and (PIM2), are models that predict mortality in children admitted to a
pediatric intensive care units.117–119 These models calculate risk based on several physiologic
characteristics and can help identify children requiring more focused care.
In resource constrained countries efficient resource utilization is especially important and models
that can effectively predict risk could be used to aid in this goal. This may be especially
important for children admitted to lower-level health facilities where the capacity to treat
critically ill children is absent or limited. In this context, risk scores could play a crucial role in
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guiding referral to higher level health centers and hospitals which may be better equipped to care
for these children. Models such as PRISM and PIM were derived in developed countries and do
not take into consideration major differences seen in children from resource constrained
countries, in particular the high prevalence of HIV and malnutrition. Health system limitations
for diagnosis, treatment and referral, and social factors such as the prevalence of poor health
seeking behavior are also substantially different. Further, the criteria used in the application of
these models (base excess, FiO2, time to ventilation etc.) are often not available or relevant in a
resource poor context where mechanical ventilation and modern critical care techniques are the
exception, not the rule. New models developed in and for a resource poor environment are
urgently needed. Where these models have been evaluated in resource poor countries, it has been
done in environments atypical to what is generally available in this context. Recently, a risk
scoring algorithm for prediction of in-hospital mortality in subjects with respiratory disease has
been developed for use in more a typical East African resource poor context. 120 However, this
scoring tool is limited to those admitted with respiratory disease and would need to be combined
with other predictive tools to be used to evaluate risk in any child with a suspected infectious
illness. The emergency triage assessment and treatment (ETAT) program has been developed to
improve hospital based care in resource constrained settings. 74 This system has been shown to
reduce mortality upon implementation, but could gain from the addition of risk models to
improve risk stratification.
The objective of this research is to develop a prediction model of in-hospital death among
children admitted with proven or suspected infectious diseases of any etiology. The purpose of
this model will be to (1) improve the identification of vulnerable children at hospitals and (2) to
be used to aid referral decision-making for children admitted to lower level health centers.
Methods
Population
This two-site study was conducted at the Mbarara Regional Referral Hospital (MRRH) and the
Holy Innocents Children’s Hospital (HICH), both in Mbarara, Uganda. MRRH is a public
hospital funded by the Uganda Ministry of Health and is associated with the Mbarara University
of Science and Technology Faculty of Medicine. The pediatrics “Toto” ward admits
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approximately 5000 patients per year. HICH is a Catholic children’s hospital offering subsidized
fee-for-service outpatient and in-patient care in Mbarara and admits approximately 2500 patients
annually.
This was a prospective observational study conducted between March 2012 and December 2013
was approved by the institutional review boards at the University of British Columbia
(Vancouver, Canada) and the Mbarara University of Science and Technology (Mbarara,
Uganda).
Eligibility
Children aged 6-60 months who were admitted for treatment of a proven or suspected infectious
illness were eligible for enrollment. Subjects previously enrolled were excluded. Enrollment was
continuous and all children meeting inclusion criteria who were admitted during study working
hours or within 8 hours of a study shift were considered eligible. Parents or the legal guardians of
eligible children were required to provide written informed consent prior to enrollment.
Study procedures
Following enrollment, a research nurse obtained and recorded clinical signs including a 1 minute
respiratory rate, blood pressure (automated), axillary temperature, Blantyre coma score, and
using a Phone Oximeter, 1 min photoplethysmogram (PPG), blood oxygen saturation (SpO2) and
heart rate.(REF) Anthropometric data including height, weight, mid-upper arm circumference
was also measured and recorded. Anthropometric data collected at enrollment were converted to
weight for age, weight for height and height for age z-scores according to the World Health
Organization Child Growth Standards.63 The age corrected heart rate and respiratory rate zscores were obtained by standardizing the raw measurements using the median and SD values
provided by Fleming et al.64 The age corrected z-scores for systolic blood pressure were
calculated using subjects’ height, according to the procedures previously described. 65 To
incorporate the clinical belief that both excessively high or low temperature reflect deteriorated
health conditions, a transformed temperature was used, which was calculated as 17*log10 (37.5temperature) when temperature was less than 37 and as 1.95* temperature -71.3 otherwise. A
physiological transformation based on the shape of the relationship between oxygen saturation
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and virtual shunt [70*log10(104-SpO2)-57] was used.121 This virtual shunt was used as an index
of disease severity.
A blood sample was taken for measurement of hemoglobin, HIV and a malaria blood smear
(microscopy). HIV status was determined using rapid diagnostic test serial algorithm. All
positive tests were confirmed by a separate test. Children under 12 months of age with a positive
test were confirmed using PCR. Hemoglobin was measured on a Beckman Coulter Ac.T 5diff
Cap Pierce Hematology analyzer.
An interview was conducted with the subject’s parent/guardian and information about previous
admissions, distance from health facility, transportation costs, bed-net use, maternal education,
maternal age, maternal HIV status, history of sibling deaths and drinking water safety were
elicited. Subjects received routine care during their hospital stay and were discharged at the
discretion of the treating medical team. The discharge status of all enrolled subjects was recorded
as death, referral, discharged alive, and discharged against medical advice. The diagnoses made
by the medical team were also recorded.
Outcomes
The primary outcome was mortality during the course of hospitalization.
Sample size
For the derivation of prediction models, standard calculations of sample size do not apply since
these calculations do not account for the model selection process (i.e., the optimization to
achieve specified sensitivity and specificity cut-offs). One hundred events, corresponding to a
total sample of approximately 1000 live-discharges (assuming a mortality rate of 10%, estimated
using historical ward data), would be needed to obtain 80% power for ensuring that the lower
95% confidence limit on sensitivity will be at least 75%. An interim analysis of the study showed
a mortality rate of approximately 5%. Funding was sufficient to increase enrollment to 1308
subjects.
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Statistical analysis
All variables were assessed using univariate logistic regression to determine their level of
association with the primary outcome. Continuous variables were assessed for model fit using
the Hosmer-Lemeshow test.68 Missing data were imputed using the multiple imputation by
chained equations method.69 Following univariate analysis all variables were included in a
multivariable logistic model and the primary model was developed using a stepwise selection
process. Variables were removed or added individually minimizing Aikaike’s Information
Criterion (AIC). AIC was used as a summary measure to compare the overall predictive value
across the models. All models which having an AIC value within 10% of the lowest value were
considered as reasonable candidates. The final selection of a model was judged on model
parsimony (the simpler the better), availability of the predictors (with respect to minimal
resources and cost), and the attained sensitivity (with at least 50% specificity). All analyses were
conducted using R (Vienna, Austria; http://www.R-project.org).
Results
During the study period, 1824 children met the age criteria (6 months to 5 years) and were
screened for eligibility. Of these, 517 (28%) were excluded as they were not admitted with a
suspected or proven infectious illness. The most common reasons for exclusion included:
malnutrition without concurrent infection (n = 192, 37%), admission of enrolled subject (n = 51,
10%) living outside of catchment area (n = 35, 7%) and refusal of consent (n = 22, 4%), (Figure
8.1). 1307 children were consented and enrolled. The median age at admission was 18.2 months
(IQR 11.9-33.1) and 717 (54.8%) of subjects were male (Table 8.1). The proportion of children
severely underweight (weight for age z-score less than -3) was 15.7% and 66 (5.1%) of children
were HIV positive. The most common clinician assigned diagnoses included pneumonia
(31.4%), clinical malaria (49.7%), and gastroenteritis/diarrhea (7.8%).
Mortality
During the course of admission, 65 (5.0 %) subjects died in the hospital and 1242 (04.9%) were
discharged alive. The median time to death was 2 days from admission (IQR 1 – 5). Among
those discharged, 120 (9.7%) were discharged against medical advice. Twenty four variables
88

were tested for their univariate association with mortality (Table 8.2). Blantyre Coma Score,
dichotomized as normal (score of 5) and abnormal (score of < 5), was highly associated with
mortality and provided the highest area under the receiver operating characteristic curve,
0.73(95% CI 0.67 – 0.79) and an abnormal score being associated with an odds ratio of 11.1
(95% CI 6.59 – 18.7). All anthropometric variables were associated with mortality during
hospitalization. Low weight for age z-scores (underweight) and weight for height/length z-scores
(wasting) provided the best discriminatory power for in hospital death with AUC’s of 0.64 (95%
CI 0.56 – 0.71 and 0.63 (95% CI 0.55 – 0.70), respectively. Both systolic and diastolic blood
pressure were associated with mortality, with raw diastolic pressure providing the highest AUC,
065 (95% CI 0.58 – 0.73). Other clinical variables including temperature, oxygen saturation and
HIV diagnosis, oxygen saturation and temperature were also associated with mortality but had
lower areas under the ROC curve. Several variables including heart rate, respiratory rate systolic
blood pressure, haemoglobin concentration, and parasitemia were not associated with mortality.
Multivariate prediction model
Three models were developed for prediction of mortality. A primary model was developed using
any of the available variables. Subsequent models were derived which selectively excluded
certain variables from the primary model to ensure that prediction could be possible in the
absence of certain variables which may not be available at all centers.
The first model included weight for age z-score, Blantyre coma score and HIV status. The model
equation was: logit [Pr (In-patient mortality)] −1.78 +(−0.26; weight for age z-score) −2.50
(normal Blantyre coma score) +1.32 (Positive HIV diagnosis) and the area under the receiver
operator characteristic curve was 0.85 (95%CI 0.80-0.89). At a probability cut-off of 0.030, this
model had a sensitivity of 0.83 (95% CI 0.0.74-0.92) and a specificity of 0.76 (95% CI 0.73 –
0.78). We would expect the positive predictive value to be 0.15 (95% CI 0.11 – 0.19) and the
negative predictive value to be 0.99 (95% CI 0.98 – 1.00) (Table 8.3, Table 8.4, Figure 8.2).
Model 2 replaced weight for age z-score in model 1 with mid-upper arm circumference, a
variable that is more easily obtainable, especially in poorly resourced areas. The model equation
was: logit[Pr(In-patient mortality)]2.02+(−0.02; muac in mm)−2.54 (normal Blantyre coma
score)+1.33 (Positive HIV diagnosis). The area under the ROC curve was 0.84 (95% CI 0.79 89

0.89). At a probability cut-off of 0.030 this model had a sensitivity of 0.80 (95% CI 0.70 – 0.90)
and specificity of 0.76 (95% CI 0.74 – 0.79) and we would expect the positive predictive value
and negative predictive value of 0.15 (95% CI 0.11 – 0.19) and 0.99 (95% CI 0.98 – 1.00),
respectively, in a population similar to the derivation cohort (Table 8.3, Table 8.4).
Model 3 included MUAC and Blantyre coma score and excluded HIV. The model equation was:
logit[Pr(In-patient mortality)]2.77 +(−0.03; muac in mm)−2.47 (normal Blantyre coma score).
The area under the ROC curve for this model was 0.82 (95% CI 0.77-0.87). At a probability cutoff of 0.30 this model had a sensitivity of 0.82 (95% CI 0.72 – 0.91) and a specificity of 0.71
(95% CI 0.68 – 0.73). The expected positive and negative predictive values would be 0.13 (95%
CI 010 – 0.16) and 0.99 (0.98 – 0.99) (Table 8.3, Table 8.4).
Discussion
This study represents a systematic approach to creating an in-hospital mortality prediction tool
for the under 5 pediatric population admitted with an infectious illness in a resource poor
environment. The model developed is parsimonious, using only age, weight, Blantyre coma
score and HIV status to determine the probability of in-hospital mortality. Variables used in the
development of the prediction model included only those thought to be both easily and reliably
obtainable in most resource constrained contexts. Alternate models were developed
incorporating different elements to ensure prediction would be possible in situations where
certain variables may not be available.
In the context of limited resources, rapid risk determination is of critical importance. The
implementation of an improved triage and training system (ETAT) alongside improvements in
patient flow was shown to decrease in-patient mortality, especially early in-patient
mortality.(Molyneux WHO Bull 2006) Prediction models such as the one derived in this study
could be used alongside a comprehensive strategy such as ETAT to improve care at the point of
admission and focus human (eg. nursing) and clinical (eg. oxygen) resources on those children at
highest risk of mortality. The determination of risk could play a unique role in sub-Saharan
Africa where critically ill children admitted to lower level health centers require sufficient time
to travel to referral hospitals. Further, as referral decisions are often made by non-physician
health care providers, decision tools such as these could offer substantial aid with minimal
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training to ensure that those at high risk of mortality are referred. Using a risk-cut-off of 0.30, the
referral population would have a mortality risk of 15% (95% CI 11% - 19%) compared to a
mortality risk of 1% (95% CI 0% - 2%) in those not referred, if similar to the admitted sample in
this study.
Other models developed for mortality prediction in settings without resource constraints have
been evaluated in resource constrained settings have been shown to not perform adequately. A
critical difference in the populations in whom models such as PRISM were derived is the much
lower prevalence of moderate and severe malnutrition. In this present study an anthropometric
measure played a crucial role in all derived models, providing a majority of the discriminatory
power in final model. Malnutrition as an independent and critical contributor to infectious
disease morbidity and mortality cannot be over emphasized and should be considered as an
important component of the evaluation of any infectious illness. In addition to malnutrition, an
abnormal Blantyre coma score was also of critical importance, proving more discriminatory than
vital signs in predicting mortality.
Although the Integrated Management of Childhood Illness algorithm was not designed as a
prediction tool, it does provide referral criteria, listed as danger signs. A recent study from
Tanzania evaluated the predictive utility of these criteria for in-hospital mortality. Among 387
children aged 2 months to 5 years, and an overall mortality rate of 7.4%, one or more IMCI
danger sign had a sensitivity of 72% (95% CI 56% - 88%) for predicting in-hospital death and
would identify 38% of subjects as high-risk.115 Using a cut-off of 0.30, our model, using fewer
and more reliably obtained variables, has a higher sensitivity of 0.83 (95% CI 0.74 – 0.92) and
would only identify approximately 25% as high-risk, allowing for a more efficient utilization of
resources.
This study was limited by fewer cases of the primary outcome (in-hospital mortality) than was
initially anticipated. Although designed to derive prediction models using 100 outcomes, this
enrolled only 65 children who died in-hospital. Despite the relatively low number of outcomes
our primary model had an AUC of the receiver operating characteristic curve of 0.85 with the
lower limit being 0.80, highlighting the excellent discriminating ability of the final model and the
utility of each of the predictive variables in the model. A further limitation is the lack of external
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validity. Although a major strength of this study was its development using more than 1 hospital,
these results require confirmation at other hospitals in other resource poor countries for further
calibration prior to recommending their uptake. This is of particular importance if used to aid in
referral decision making at lower level health centers, as admission criteria are certainly different
than in larger hospitals producing a unique population of children.
In conclusion, a parsimonious prediction tool using easily collected predictors can be used to
efficiently predict in-hospital mortality. Further research to externally validate this model is
required prior to widespread implementation.
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Chapter 10. Conclusion
The burden of post-discharge mortality following serious infection in Uganda is significant and
is likely a reflection of the situation in most of sub-Saharan Africa and many parts of Asia.
While this dissertation focused primarily on the burden of post-discharge mortality and its
prediction, this cannot be examined in isolation. The broader context of this problem is the
burden of acute serious infectious diseases (i.e. sepsis) in resource poor countries, the most
common cause of mortality in children.55 Addressing issues related to sepsis requires a
comprehensive strategy encompassing prevention, early identification and transport to health
facilities, effective triage and treatment in hospital and, finally, post-discharge care throughout
the vulnerable period following discharge. Areas of intervention, therefore, must focus on these
different components.
Primary conclusions
Basic epidemiology of post-discharge mortality
The current state of knowledge of post-discharge mortality in resource poor countries to date has
been limited. The published systematic review of available literature on this topic, presented in
Chapter 2, was an important first step in improving the understanding of the important risk
factors for mortality after discharge, the limitations of research to date, as well as to provide a
general overview of the current state of knowledge on this important issue. This analysis clearly
makes a case to improve and increase research on post-discharge mortality and identifies the key
research gaps. These included (1) the need for high quality prospective research and (2) the need
for prediction for the ultimate purpose of developing post-discharge interventions.
Utilizing the result of the systematic review, a large cohort study of post-discharge mortality was
designed. With an understanding of the broader context of sepsis, this study was designed to
answer several important and related questions. First, it was designed to improve our
understanding of the basic epidemiology of post-discharge mortality. Second, it was designed for
the purpose of developing a post-discharge prediction tool. Major secondary objectives also
included the design of an in-hospital mortality risk stratification tool as well as a means to
determine the burden of syndromic sepsis among admitted children.
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While the epidemiology of post-discharge mortality has been examined in several previously
published research investigations19,20,23 , all prior studies were either overly broad or too focused,
as emphasized in the systematic review. In those studies, which capture a broad population, they
included children with and without infectious disease. Admissions related to trauma, cancer, and
various chronic diseases are categorically different than those admitted with an acute infectious
disease. As a result, the degrees of vulnerability among these children, and the factors associated
with this vulnerability, are likely to be very different. Those populations that were highly
selected included children with similar disease etiologies such as pneumonia, diarrhea or malaria.
These diseases are often based on poorly defined criteria, limiting their external application.
Further, these diseases are complicated by frequent overlap with other infections (such as malaria
and pneumonia). Finally, when considering the broader context of sepsis, it can be understood
that all infectious diseases, when left untreated, follow a common pathway of inflammation with
progressive organ dysfunction.
While the results of our cohort study largely confirmed previous epidemiological observations,
several new and important observations were identified. First, re-admission data following
discharge were generally not collected in previous studies, and when they were, no statistical
modelling was conducted to determine if any factors were associated with this outcome. This
study found that re-admission following discharge was high, occurring in approximately 17% of
individuals. We found that several risk factors including severe malnutrition (mid-upper arm
circumference less than 115mm), previous hospitalizations, low oxygen saturation at admission
and a diagnosis of pneumonia during hospitalization were all important risk factors for the
composite of death or re-admission. Second, this cohort study also observed the high proportion
of post-discharge deaths occurring outside of a hospital context. In this study, only 33% of postdischarge deaths occurred during a re-admission. This finding led to the design of a primarily
qualitative follow-up study (Chapter 6) to evaluate some of the narratives as expressed by the
caregivers of children who died outside of a hospital.
Prediction of mortality in-hospital and following discharge
A further objective of our cohort study was to derive prediction models for relevant outcomes.
The most relevant of these outcomes was, and remains, post-discharge mortality. Although this
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event occurs as often as in-hospital mortality, no guideline currently exists to address this
burden. That these deaths often go unrecognized further distances the health systems in resource
poor countries from understanding and acknowledging this problem. Further, even when
recognized, the scarcity of resources in the areas most affected constrains the introduction of
meaningful interventions if it were to be applied to all discharged children. The development of
easily applied prediction tools could quickly identify and stratify those children in need in need
of more or less intensive interventions, thus utilizing limited resources with increased efficiency.
Among the most important aspects of designing a study for the derivation of a prediction model
is the selection of candidate predictor variables. Obstacles in the selection of candidate variables
include not only their potential ability to predict mortality, but also their typical availability in a
resource constrained setting, their costs and the time required to collect them. Since these
important obstacles could not reliably be overcome using only the expertise of the study team, a
modified Delphi process was undertaken to ensure that an optimal list of candidate predictor
variables was selected to be included in the main cohort study. As reported in Chapter 3, this
process utilized experts in all relevant areas of research and practice. From the initial list of 17
potential predictor variables, derived using previous research and the expertise of our
investigative team, 8 were removed with the final list including 30 potential predictor variables
based on the recommendations of the participants. This process ensured that the final list of
variables to be included in the main cohort study was both sensitive in inclu ding the most
important candidate predictor variables and specific in ensuring unwanted variables would be
identified as such and excluded.
The derivation of a prediction model for post-discharge mortality was explored in Chapter 4 and
is an important contribution to pediatric global health. Using only four to six variables that can
be easily, reliably and economically collected at admission, children can be stratified into high
and low risk categories with sensitivity of over 80% and specificity of over 60% (positive and
negative predictive values of about 10% and 98.5%, respectively). The implementation of such a
model into routine care would improve the efficiency of subsequently developed discharge
interventions. Such models allow for focused interventions that are limited to only high risk
individuals or multi-level interventions with increased intervention intensity based on the level of
risk. While further work is required in (1) externally validating these data and (2) expanding
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these models to both younger and older children, this is a critical first step towards improving
post-discharge care in children.
The prediction of in-hospital mortality was an important secondary objective of the main cohort
study. Currently, little is available to determine in-hospital risk among children admitted in
resource poor countries. Risk scoring models that have been derived in developed countries have
been evaluated in resource poor setting and been shown not to perform well. Further, many
scoring systems derived in developed countries require variables often not available in the
resource poor context. An important potential application of an in-hospital mortality prediction
tool is its use in subjects admitted in lower level health facilities. In these facilities, the timely
referral of critically ill children to higher levels of care (with resources such as oxygen and
physicians) is likely to play a major role in survival. The models derived in this study (Chapter 7)
achieved high levels of sensitivity and specificity (approximately 80% and 75%, respectively)
with positive and negative predictive values of 15% and 99%, respectively. An important
limitation is that these models were derived in higher level health centers rather than lower level
health centers, where referrals would actually occur. Nevertheless, this is an important first step
for such a validation study.
Out of hospital mortality after discharge
An interim analysis of the primary cohort study indicated that post-discharge deaths were often
not occurring during re-admissions. In light of this, and previously reported studies of out-ofhospital mortality in children with acute infectious illness7,20 we designed a qualitative study of
all children who died following discharge but were not re-admitted. This study captured some of
the narrative, as expressed by the primary caregivers, of the events surrounding the death of their
child. This narrative was focused around 8 questions and is the first study of this topic conducted
in a resource poor setting. Results of the qualitative interviews identified several key barriers
experienced by caregivers that could be addressed in interventions aimed at improving postdischarge care. Among the possible areas of intervention that were identified in this study, four
key areas emerged and include (1) risk awareness (2) early identification of recurrent illness (3)
improved health behavior (such as consistent bed net use) and (4) timely health seeking. These
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areas have been woven into a recently funded phase I study of a post-discharge intervention
which we are currently conducting in Mbarara, Uganda.
Burden of sepsis
A final objective of the primary cohort study was to establish the importance of the burden of
sepsis in the resource poor context (Chapter 8). With eligibility focused on children with proven
or suspected infections, this secondary objective was readily obtainable. Our results indicated
that most (>85%) infectious disease related admissions were associated with a sepsis diagnosis
(consensus definition). This is the first study to identify the burden of sepsis among admitted
children in a resource poor setting and thus fills an important gap in current research. These
results are likely representative of much of sub-Saharan Africa and provide the necessary
evidence that the burden of sepsis in resource poor setting is substantial. While the burden of
sepsis is high, the current definition of sepsis is very non-specific and does not adequately select
a group of children that are particularly vulnerable during their hospital course. Since admission
in the resource constrained context already selects a population of children with a much higher
mortality risk compared to admissions in developing countries, the use of the SIRS-based sepsis
criteria are therefore not likely to be of much utility in this context. A much more useful risk scoring tool was described earlier (Chapter 7) which can more fully differentiate those at high
and low risk of in-hospital mortality following admission.
Health seeking following outpatient department visits
While it is clear that the burden of mortality following hospital admissions is high, little is
known about the vulnerability of children following outpatient department visits. It is essential
that risk assessment occur not only in children admitted to hospital but also to those seen in the
community setting. While our cohort study clearly established the need for improved health care
utilization following discharge, it has long been recognized that decisions surrounding the
diagnosis and treatment of children within the community setting is vitally important. As an
initial step towards gaining further insight into the morbidity, mortality and health seeking
following out-patient department visits, we designed and conducted a phase I preliminary study
of these events at a rural health center in the community of Kyabugimbi, Uganda. Our finding
suggested that while admission and referral decisions are strongly associated with clinical signs
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and symptoms in the presenting child, these clinical signs and symptoms are not associated with
health seeking following these visits. The reasons for this are unclear, but it may be the case that
factors such as educational attainment, and good health practices (such as bed net use) may be
more important factors associated with health seeking behavior than the degree of illness. This
was the case in our previous study of the health seeking among children who died after discharge
(Chapter 6). The evaluation of factors associated with post out-patient department mortality may
be a more important association, which requires a much larger study.
Application and future directions
Our work in Uganda has led to several key findings that require further exploration. Three key
areas of further research include (1) gaining a more granular understanding of causes of postdischarge mortality (2) the transformation of prediction models into usable applications and (3),
the development and evaluation of interventions, primarily in the area of discharge and postdischarge care, that can be applied to vulnerable subjects based upon their level of risk. Finally,
once suitable interventions have been developed, these must be adopted and scaled within the
health system. Within these health systems, surveillance is essential in the measurement of
impact and the ongoing evaluation of the adopted interventions at the population level. A
preliminary program of investigation, funded by a Grand Challenges Canada Rising Stars in
Global Health, is currently underway in Mbarara, Uganda and is beginning to further some of the
work in this area. This program of research is built upon our previous work and is a reflection of
its importance and its importance in improving child-health in the resource poor context.
Causal research in post-discharge morbidity and mortality
Currently, little is known about the etiology of post-discharge mortality and whether the causes
of the index admission reflect the causes of mortality. Research incorporating the use of verbal
autopsies could further our understanding in this area. Knowledge of diagnoses during the postdischarge period would also inform the development of discharge interventions. Further work on
how quality of care during admission, or premature discharge, reflects mortality after discharge
is also required. Iterative improvements in care throughout resource poor regions will
undoubtedly result in a modification of the effect of established predictors of post-discharge
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mortality, as will the incorporation of routine discharge interventions, therefore ongoing work on
risk prediction will be required.
Usable application of prediction models
Prediction models are mathematically complex and require either simplification or integration
with software capable of performing these tasks. The use of mobile phones in sub-Saharan
Africa is common and their integration into mobile health initiatives is increasing. We are
developing a mobile phone based application incorporating our previously developed prediction
models. In-depth testing of our prototype mobile application will be conducted in Uganda using
robust mixed-methods techniques including a think-a-loud process122 and a modified Computer
System Usability Questionnaire (CSUQ).123
The integration of our prediction models into a usable mobile application will allow for rapid
identification of children at the time of admission who are at high risk of mortality during, but
especially following, discharge. Using this tool clinicians will be able to ensure that caregivers of
vulnerable children receive appropriate care and counselling at the time of discharge.
Discharge interventions
The creation of a prediction models assumes their eventual application to identify vulnerable
children requiring intervention. We are currently evaluating the usability and acceptability of a
post-discharge bundle (discharge kit + referral) among children discharged in Mbarara, Uganda.
Discharge kit
Post-discharge vulnerability is currently a neglected issue in resource constrained settings. This
neglect is due almost entirely to a lack of awareness, by both health workers and families, of the
risk children experience during this period. A critical step in beginning to address this issue is to
ensure caregivers are aware of the risks their children will face during this period and have an
appropriate response any deterioration in health that their child may experience.
To address this need our group has developed a discharge kit for evaluation, its purpose to ensure
that caregivers are sufficiently equipped to enter the post-discharge period with their child. The
discharge kit is primarily an educational intervention which must be facilitated by a nurse or
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other trained health worker. In addition to the educational component, it also contains an
insecticide treated bed net, oral rehydration salts and soap as an educational incentive and
behavior facilitator. The discharge kit is being evaluated in a post-discharge context and will
focus on retention of educational materials presented in the discharge kit and elicit overall
satisfaction with the different educational components of the discharge kit.
Back-referral program
The model for health referrals in Uganda, and elsewhere in sub-Saharan Africa, is primarily
unidirectional from lower level health centers to higher level health centers. Children who are
too ill to be treated at lower level health centers are referred to a center with improved capacity
for diagnosis and treatment. Children who are vulnerable during the post-discharge period should
be evaluated by trained health workers to ensure that the child’s recovery is progressing. A backreferral to lower level health centers addresses this problem directly and engages health workers
at lower level facilities to participate in the care of children during the critical weeks and months
after discharge. We are currently engaged in the evaluation of the success and acceptability of
such a back-referral program in Mbarara, Uganda.
Health system integration
The development of any intervention must consider the health system into which it will be
applied. For interventions to be adopted, it is not only important to understand the needs of the
health system, as identified through preliminary research, but also for these needs to be clearly
recognized by policy makers, health workers, and ultimately the users of the health system.
Knowledge translation focused towards these three key areas must form a significant aspect of
this process. Collaboration between academia, hospitals, non-governmental organizations and
policy makers must also be established early.
Some relevant health system considerations applicable to post-discharge interventions include
understanding the linkages that exist (or do not exist) between the various levels of health centers
and hospitals and the barriers of accessing care (such as transportation), transitioning care
(referrals) and completing care (transportation, follow-up etc.). A corruption of these linkages is
an important contributor to the survival of children who have entered the health system. 96 A deep
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understanding of these issues in regions of interest will help to guide the process of integrating
post-discharge interventions for the ultimate strengthening of these health systems.
Surveillance systems to reduce post-discharge mortality
For the economic and health impact of post-discharge interventions to be measured, there must
exist a system which captures the key indicators necessary for such assessments. Vital statistics
are among those indicators which would be required to be able to adequately assess any such
intervention within a population. Significant progress seen in developed nations in the early 20 th
century can be, at least in part, credited to being able to measure progress as scale. Currently, the
only country in sub-Saharan Africa measuring more than 50% of deaths in a vital registration
system is South Africa.124 In the absence of national surveillance, regional surveillance would
significantly assist in efforts to measure the impact of post-discharge interventions. The use of
community health workers has been explored as a means to conduct such surveillance. 125
Conclusions
During this research program, we have established the burden and predictability of postdischarge mortality among children 6 months to 5 years of age in Mbarara, Uganda. We have
also furthered the understanding of caregiver context in pediatric post-discharge mortality, a
critical component for the development of discharge interventions. We have also established
several secondary but important research questions relating to the general subject area of sepsis.
This has included development of prediction models for in-hospital mortality in children with
infections and furthering the understanding of the burden of sepsis and its role in hospital
mortality related to infectious diseases. This work is leading to further research and intervention
with potential to have significant impact on overall child mortality.
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Tables

Table 1.1a. Systemic inflammatory response syndrome (SIRS)
Presence of at least 2 of the following one of which must be abnormal temperature or leukocyte count


Core temperature >38.5oC or <36oC



Tachycardia or Bradycardia (see below) in the absence of external stimulus, drugs etc.



Tachypnea (see below) not related to underlying neuromuscular disease or anasthesia



Leukocyte count elevated or depressed (see below)

Infection


Suspected or proven infection caused by any pathogen OR a clinical syndrome associated with a
high probability of infection

Table 1.1b. Age specific vital sign cut-offs for SIRS definition
Heart Rate, Beats/Min
Tachycardia

Bradycardia

Respiratory Rate,
Breaths/Min

> 180
> 140

< 90
N/A

> 34
> 22

Age group
1 mo – 1 yr
2 yr – 5 yr

Leukocyte Count x
103/mm3
> 17.5 or < 5
> 15.5 or < 6
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Table 2.1. Characteristics of studies included in systematic review
Ref.

Design

Dates

Country

Studies of all pediatric hospital admissions
20
Retrospective 1991- GuineaCohort
1996
Bissau
19
Retrospective 2003- Kenya
Cohort
2008
17
Prospective
1991
Kenya
Cohort

Age

Population Locale N

(81%< All Admits
5y)

NR

0-15y

All Admits

0-5y

All Admits

3373

FU
FU Method FU Times IP
Proportion
death

PD
death

PD death
in hospital

12.1% 6.10% 23.1%

PD readmit

Obs.
Period

11.6%

12m

NA

Surveillance NA

Mixed 14971

NA

Surveillance NA

NR

4.50% NR

NR

12m

Mixed 1223

96%

CV & HV

4, 8w

10%

13%

NR

8w

6-60m Anemia
Mixed 377
(Hg<50g/L)

82.20%

CV

1, 3, 6,
12,18m

6.4% 11.6% "most"

17.2%

18m

7-60m Any other
condition

Mixed 373

80.40%

CV

1, 3, 6,
12,18m

0.0% 2.7%

"most"

9.4%

18m

4-59m IPTpd

Mixed 706

95%

PCD

1, 2, 3, 6m

NA

2.6%

NR

19%

6m

5-59m Placebo

Mixed 708

95%

PCD

1, 2, 3, 6m

NA

2.4%

NR

19%

7m

NR

Studies of admissions secondary to anemia
23

CC with
longitudinal
FU

20022004

Malawi

Studies of admissions secondary to malaria
33

RCT

20062009

Malawi

2004- Guinea28d after
28d post
3-60m Severe
NR
951
95%
CV & HV
7.2% 2.0% NR
NR
2006
Bissau
malaria
admission
admit
Studies of admissions secondary to diarrhea
49
Prospective
1979
Bangladesh 3m-3y Diarrhea
Rural 551
NR
NR
NR
NA 4.2% NR
NR
12m
cohort
46
Prospective
1991- Bangladesh 1-23m Diarrhea
85% at 6w, HV
Urban 500
6, 12w
NA 7%
53%
NR
12w
cohort
1992
80% at 12w
48
Retrospective 1983- Bangladesh 24Approx.
Approx.
Diarrhea
Urban 74
93%
HV
NR 2.9% NR
NR
cohort
1983
72m
4m
4m
Locale: Urban, rural or mixed; NA: Not applicable; NR: Not Reported; FU: Follow-up; PD: Post-discharge: IP: In-patient; CV: Clinic Visit; HV Home Visit; IPTpd: Intermitted
preventative therapy post-discharge; PCD: Passive case detection; LRTI: Lower respiratory tract infection; DRC: Democratic Republic of Congo; PEM: Protein Energy
Malnutrition
22

RCT
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Table 2.1. Continued
Ref. Design
Dates

Country

Age

Population Locale N

Studies of admissions secondary to pneumonia
21
1993- Tanzania
RCT
6-60m Pneumonia
1997
42

RCT

20062008

34

CC with
longitudinal
FU

19921997

Bangladesh

IP
death

PD
death

PD death
in hospital

PD readmit

Obs.
period

NR

687

89%

CV

Monthly

3%

10%

NR

NR

24m

Urban

180

90%

CV

Every 2w

0%

1%

NR

6%

3m

LRTI, SpO2 Mixed 83
<90

64%

CV & HV

Once

NR

15%

NR

NR

mean
41m

LRTI, SpO2 Mixed 107
≥90

61%

CV & HV

Once

NR

6%

NR

NR

mean
34m

PEM

76

CV

Annually

NA

18%

NR

NR

5y

2-59m Severe
pneumonia

The Gambia 0-5m

FU
FU method FU times
proportion

Studies of admissions secondary to malnutrition
47

Prospective
cohort

1970

DRC

NR

NR

171

Locale: Urban, rural or mixed; NA: Not applicable; NR: Not Reported; FU: Follow-up; PD: Post-discharge: IP: In-patient; CV: Clinic Visit; HV Home Visit; IPTpd: Intermitted
preventative therapy post-discharge; PCD: Passive case detection; LRTI: Lower respiratory tract infection; DRC: Democratic Republic of Congo; PEM: Protein Energy
Malnutrition
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Table 2.2. Timing of post-discharge deaths
Study
46

49

20
17
21
47
23

Population
1-23m with
diarrhea
3m-3y with
diarrhea
All pediatric
admissions
0-5y all admissions
6-60m with
pneumonia
malnutrition
6-60m with anemia

Obs. period

Time-point for 50% of PD deaths

12w

10d

12m

30d

12m

60d

Other mortality statistic

8w

82% PD deaths at 4w

24m

80% PD deaths at 12m

5y
18m

>50% PD deaths at 1y
71% at PD deaths at 6m*

* Cases
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Table 2.3. Risk factors for post-discharge mortality
Ref.
Population
Risk factors for post-discharge mortality
Studies of all pediatric admissions
Age 1-5m
Age 6-11m
Age 2-5y
Weight-for-age Z score < -3
Weight-for-age Z score < -4
Parasitemia
Hypoxia
Bacteremia
Jaundice
Hepatomegaly
Hospitalization > 13d
19
All admissions
1 prior discharge
2 prior discharges
≥3 prior discharges
Mild pneumonia
Severe pneumonia
Very severe pneumonia
Severe malnutrition
Meningitis
Sick young infant
HIV
Absconded

20

All admissions

Adjusted RR or HR (95% CI)
1.34 (0.93-1.92)
0.82 (0.57-1.18)
0.57 (0.36-0.90)
3.42 (2.5-4.68)
6.53 (4.85-8.80)
0.45 (0.29-0.71)
2.30 (1.64-3.23)
1.77 (1.15-2.74)
1.77 (1.08-2.91)
2.34 (1.60-3.42)
1.83 (1.33)
2.83 (2.04)
7.06 (4.09-12.21)
23.55 (10.70-51.84)
2.30 (1.00-5.28)
1.37 (1.05-1.79)
4.09 (2.25-7.46)
4.37 (2.73-7.01)
2.29 (1.57-3.32)
2.67 (1.98-3.58)
2.22 p=0.19
2.06 p=0.95

Mother educated

0.74 (0.55-0.99)

Discharged against medical advice

8.51 (5.32-13.59)

Anemia ( vs. malaria)

1.97 (1.07-3.63)

Diarrhea (vs. malaria)

1.82 (1.21-2.74)

Pneumonia (vs. malaria)

0.98 (0.65-1.51)

Measles (vs. malaria)

0.77 (0.36-1.64)

≥5y (vs. 1-12m)

0.15 (0.07-0.30)

4-5y (vs. 1-12m)

0.23 (0.10-0.59)

3-4y (vs. 1-12m)

0.14 (0.06-0.35)

2-3y (vs. 1-12m)

0.52 (0.33-0.81)

1-2y (vs. 1-12m)

0.82 (0.59-1.13)

Neonatal (vs. 1-12m)

0.69 (0.31-1.55)
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Table 2.3. Continued.
Ref.

Population

Risk factors for post-discharge mortality

Adjusted RR or HR (95% CI)

Increase in age (months)
Rural (vs. urban)
Male (vs. female)
Parental unemployment
Splenomegaly
HIV
Bacteremia

0.92 (0.87-0.97)
1.63 (0.63-3.52)
1.54 (0.68-3.52)
4.15 (1.61-10.74)
0.36 (0.16-0.80)
10.49 (4.05-27.20)
2.17 (0.84-5.64)

Age (1-6m vs. 6-24m)
Sex (Female)
Maternal Education (none vs. ≥ 1y)
Child was not breastfed
Weight-for-age median <60% vs. ≥ 60%
Length-for-age median <85% vs. ≥ 85%

4.57 (2.90-7.18)
1.73 (1.14-2.65)
2.12 (1.37-3.28)
2.35 (1.44-3.84)
1.04 (0.57-1.89)
2.97 (1.43-6.16)

Weight-for-age Z-Score < -2
Length of stay

3.2 (1.03-10.29)
SS* (RR not reported)

Studies of anemia admissions

23

Anemia (Hg<50g/L)
admissions

Studies of diarrhea admissions

46

Diarrhea admissions

Studies of pneumonia admissions
34

Pneumonia admissions

* Statistically significant
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Table 3.1. Initial list of candidate predictor variables, N=17
Clinical
Laboratory
Social/Demographic
Vital signs (HR, RR, BP, T)
Hemoglobin
Age
Oxygen saturation
Blood Culture
Sex
Height
Zinc Level
Maternal Education
Weight
Wealth
Hib, Pneumococcal vaccination
Distance from health facility
Length of stay
Co-morbidities
Admission diagnosis
Discharge AMA
HR = heart rate, RR = respiratory rate, BP = blood pressure, T = temperature, Hib = haemophilus
influenzae type b, AMA = against medical advice
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Table 3.2. Applicability of proposed candidate predictor variables as predictors: Stage 1
Responses
Applicability, n (%)
Candidate predictor
Total N = 23 High
Moderate
Unlikely
Clinical variables
Vital Signs
19
14 (74%)
4 (21%)
1 (5%)
Oxygen Saturation
18
16 (89%)
2 (11%)
0
Height and weight
19
16 (84%)
1 (5%)
2 (11%)
Vaccine history
19
13 (68%)
6 (32%)
0
Antibiotic history
19
9 (47%)
8 (42%)
2 (11%)
Length of stay
18
11 (61%)
7 (39%)
0
Co-morbidities
19
17 (90%)
2 (11%)
Admit diagnosis
19
15 (79%)
3 (16%)
1 (5%)
Discharge AMA
18
11 (61%)
4 (22%)
2 (11%)
Laboratory variables
Hemoglobin level
17
8 (47%)
8 (47%)
1 (6%)
Blood culture
18
12 (67%)
6 (33%)
0
Zinc level
14
4 (29%)
7 (50%)
2 (14%)
Social and demographic variables
Age
17
16 (94%)
1 (6%)
0
Sex
17
9 (53%)
4 (24%)
3 (18%)
Maternal education
17
14 (82%)
2 (12%)
1 (6%)
Wealth
13
11 (85%)
1 (8%)
0
Distance
17
12 (71%)
5 (29%)
0

Not at all
0
0
0
0
0
0
0
0
1 (5%)
0
0
1 (7%)
0
1 (6%)
0
1 (8%)
0

Table 3.3. Applicability of proposed candidate predictor variables for typical availability: Stage 1
Responses
Applicability, n (%)
Candidate predictor
Total N = 23 High
Moderate
Unlikely
Not at all
Clinical variables
Vital Signs
19
14 (74%)
5 (26%)
0
0
Oxygen Saturation
18
7 (39%)
9 (50%)
2 (11%)
0
Height and weight
19
14 (74%)
5 (26%)
0
0
Vaccine history
19
6 (32%)
9 (47%)
4 (21%)
0
Antibiotic history
19
9 (47%)
7 (37%)
3 (16%)
0
Length of stay
19
17 (89%)
2 (11%)
0
0
Co-morbidities
19
12 (63%)
7 (37%)
0
0
Admit diagnosis
19
15 (79%)
4 (21%)
0
0
Discharge AMA
18
11 (61%)
5 (28%)
2 (11%)
0
Laboratory variables
Hemoglobin level
17
9 (53%)
7 (41%)
1 (6%)
0
Blood culture
18
6 (33%)
6 (33%)
6 (33%)
0
Zinc level
13
8 (57%)
3 (21%)
2 (14%)
0
Social and demographic variables
Age
17
15 (88%)
2 (12%)
0
0
Sex
17
16 (94%)
1 (6%)
0
0
Maternal education
17
11 (65%)
4 (24%)
2 (12%)
0
Wealth
12
7 (58%)
3 (25%)
1 (8%)
1 (8%)
Distance
16
12 (75%)
2 (13%)
2 (13%)
0
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Table 3.4. Applicability of proposed candidate predictor variables for cost to measure: Stage 1
Responses
Applicability, n (%)
Candidate predictor
Total N = 23 High
Moderate
Unlikely
Not at all
Clinical variables
Vital Signs
18
14 (78%)
2 (11%)
2 (11%)
0
Oxygen Saturation
18
5 (28%)
10 (56%)
3 (17%)
0
Height and weight
18
14 (78%)
3 (17%)
1 (6%)
0
Vaccine history
18
8 (45%)
7 (39%)
3 (17%)
0
Antibiotic history
18
9 (50%)
8 (44%)
1 (6%)
0
Length of stay
18
12 (67%)
3 (16%)
2 (11%)
1 (6%)
Co-morbidities
18
11 (61%)
5 (28%)
1 (6%)
1 (6%)
Admit diagnosis
18
13 (72%)
3 (17%)
2 (11%)
0
Discharge AMA
17
11 (65%)
3 (18%)
2 (12%)
1 (6%)
Laboratory variables
Hemoglobin level
17
9 (53%)
6 (35%)
1 (6%)
1 (6%)
Blood culture
17
6 (35%)
6 (35%)
2 (29%)
0
Zinc level
14
2 (14%)
1 (7%)
9 (64%)
2 (14%)
Social and demographic variables
Age
16
14 (88%)
1 (6%)
1 (6%)
0
Sex
16
13 (81%)
1 (6%)
1 (6%)
1 (6%)
Maternal education
16
11 (69%)
5 (31%)
0
0
Wealth
11
8 (72%)
2 (18%)
0
1 (9%)
Distance
15
11 (73%)
3 (20%)
1 (7%)
0

Table 3.5. Applicability of proposed candidate predictor variables for time and resources to measure:
Stage 1
Responses
Applicability, n (%)
Candidate predictor
Total N = 23 High
Moderate
Unlikely
Not at all
Clinical variables
Vital Signs
18
13 (72%)
4 (22%)
1 (6%)
0
Oxygen Saturation
18
10 (56%)
6 (33%)
2 (11%)
0
Height and weight
18
13 (72%)
5 (28%)
0
0
Vaccine history
18
8 (44%)
9 (50%)
1 (6%)
0
Antibiotic history
18
9 (50%)
7 (39%)
1 (6%)
1 (6%)
Length of stay
18
12 (67%)
4 (22%)
1 (6%)
1 (6%)
Co-morbidities
18
10 (56%)
5 (28%)
2 (11%)
1 (6%)
Admit diagnosis
18
12 (67%)
4 (22%)
2 (11%)
0
Discharge AMA
17
10 (59%)
4 (24%)
2 (11%)
1 (6%)
Laboratory variables
Hemoglobin level
17
9 (59%)
6 (35%)
2 (12%)
0
Blood culture
17
6 (35%)
8 (47%)
2 (18%)
0
Zinc level
14
2 (14%)
2 (14%)
8 (57%)
2 (14%)
Social and demographic variables
Age
16
14 (88%)
1 (6%)
1 (6%)
0
Sex
16
13 (81%)
2 (13%)
0
1 (6%)
Maternal education
16
11 (69%)
4 (25%)
1 (6%)
0
Wealth
11
7 (64%)
3 (27%)
1 (9%)
0
Distance
15
11 (73%)
3 (20%)
1 (7%)
0
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Table 3.6. Proposed new variables for prediction, N=40
Clinical
Laboratory
Eating & drinking status
Blood glucose
Mental Status
C-reactive protein
Weight gain during admission
CBC with differential
Inputs and outputs
Chest X-ray
Breastfeeding success
HIV serology
Urination in 12h prior to admit
CD4 count
Nutritional status
Blood gases
HIV status
Ferritin
Antibiotic appropriateness
INR/PTT
Time since last hospitalization
Lactate, pH, or serum bicarbonate
Time from referral to admission
Blood Urea Nitrogen
Length of illness
Serum Creatinine
Mid-upper arm circumference
Albumin
Previous hospitalizations
CNS culture
CBC = complete blood count

Social/Demographic
Number of siblings
Number of parents present
Type of dwelling
Water source
Hygiene indicators
Bednet use
Cooking habits
Maternal comorbidities
Ethnicity
Social economic status
Sibling deaths
Maternal birth spacing
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Table 3.7. Applicability of proposed candidate predictor variables as predictors: Stage 2
Responses
Applicability, n (%)
Candidate predictor
Total N = 13 High
Moderate
Unlikely
Clinical variables
Mental Status
10
8 (80%)
2 (20%)
0
Pre-admit urine freq.
10
6 (60%)
4 (40$)
0
Prior hospitalizations
10
4 (40%)
5 (50%)
1 (10%)
Time since last admit
10
2 (20%)
7 (70%)
1 (10%)
Duration of illness
10
6 (60%)
2 (20%)
2 (20%)
MUAC
8
3 (38%)
4 (50%)
1 (13%)
Prematurity
9
6 (67%)
3 (33%)
0
Laboratory variables
Glucose
10
6 (60%)
3 (30%)
1 (10%)
Acidosis
10
6 (60%)
2 (20%)
1 (10%)
Coagulation (INR/PTT)
10
2 (20%)
4 (40%)
3 (30%)
Renal (BUN/SCr)
10
2 (20%)
7 (70%)
1 (10%)
Social and demographic variables
Number of siblings
9
1 (11%)
6 (67%)
2 (22%)
Maternal co-morbidities
10
5 (50%)
5 (50%)
0
Maternal Age
9
3 (33%)
2 (22%)
4 (44%)
Parents live at home
9
4 (44%)
2 (22%)
3 (33%)
Sibling deaths
10
3 (30%)
6 (60%)
1 (10%)
Water source
9
7 (78%)
2 (22%)
0
Bednet use
8
4 (50%)
2 (25%)
2 (25%)

Not at all
0
0
0
0
0
0
0
0
1 (10%)
1 (10%)
0
0
0
0
0
0
0
0

Table 3.8. Applicability of proposed candidate predictor variables for typical availability: Stage 2
Responses
Applicability, n (%)
Candidate predictor
Total N = 13 High
Moderate
Unlikely
Not at all
Clinical variables
Mental Status
10
9 (90%)
1 (10%)
0
0
Pre-admit urine freq.
10
4 (40%)
4 (40%)
1 (10%)
1 (10%)
Prior hospitalizations
9
6 (67%)
3 (33%)
0
0
Time since last admit
9
3 (33%)
5 (56%)
1 (11%)
0
Duration of illness
9
8 (89%)
1 (11%)
0
0
MUAC
7
2 (29%)
4 (57%)
1 (14%)
0
Prematurity
9
4 (44%)
5 (56%)
0
0
Laboratory variables
Glucose
9
5 (56%)
4 (44%)
0
0
Acidosis
9
3 (33%)
4 (44%)
2 (22%)
0
Coagulation (INR/PTT)
9
1 (11%)
5 (56%)
3 (33%)
0
Renal (BUN/SCr)
9
0
6 (67%)
3 (33%)
0
Social and demographic variables
Number of siblings
8
3 (38%)
3 (38%)
2 (25%)
0
Maternal co-morbidities
9
2 (22%)
6 (67%)
1 (11%)
0
Maternal Age
8
5 (63%)
1 (13%)
2 (25%)
0
Parents live at home
8
5 (63%)
1 (13%)
3 (25%)
0
Sibling deaths
9
5 (56%)
4 (44%)
0
0
Water source
8
6 (75%)
1 (13%)
1 (13%)
0
Bednet use
7
5 (71%)
1 (14%)
1 (14%)
0
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Table 3.9. Applicability of proposed candidate predictor variables for cost to measure: Stage 2
Responses
Applicability, n (%)
Candidate predictor
Total N = 13 High
Moderate
Unlikely
Not at all
Clinical variables
Mental Status
9
7 (78%)
1 (11%)
1 (11%)
0
Pre-admit urine freq.
9
6 (67%)
2 (22%)
1 (11%)
0
Prior hospitalizations
9
6 (67%)
2 (22%)
1 (11%)
0
Time since last admit
9
5 (56%)
2 (22%)
1 (11%)
1 (11%)
Duration of illness
3
0
1 (11%)
1 (11%)
1 (11%)
MUAC
7
2 (29%)
4 (57%)
1 (14%)
0
Prematurity
9
5 (56%)
2 (22%)
1 (11%)
1 (11%)
Laboratory variables
Glucose
9
4 (44%)
5 (56%)
0
0
Acidosis
9
2 (22%)
6 (67%)
1 (11%)
0
Coagulation (INR/PTT)
9
2 (22%)
4 (44%)
3 (33%)
0
Renal (BUN/SCr)
9
0
5 (56%)
4 (44%)
0
Social and demographic variables
Number of siblings
8
5 (63%)
0
2 (25%)
1 (13%)
Maternal co-morbidities
9
4 (44%)
3 (33%)
1 (11%)
1 (11%)
Maternal Age
8
5 (63%)
0
2 (25%)
1 (13%)
Parents live at home
8
5 (63%)
0
2 (25%)
1 (13%)
Sibling deaths
9
6 (67%)
2 (22%)
0
1 (11%)
Water source
8
5 (63%)
1 (13%)
1 (13%)
1 (13%)
Bednet use
7
6 (86%)
0
1 (14%)
0
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Table 3.10. Applicability of proposed candidate predictor variables for time and resources to measure:
Stage 2
Responses
Applicability, n (%)
Candidate predictor
Total N = 13 High
Moderate
Unlikely
Not at all
Clinical variables
Mental Status
9
7 (78%)
2 (22%)
0
0
Pre-admit urine freq.
9
4 (44%)
3 (33%)
1 (11%)
1 (11%)
Prior hospitalizations
9
6 (67%)
2 (22%)
1 (11%)
0
Time since last admit
9
4 (44%)
3 (33%)
1 (11%)
1 (11%)
Duration of illness
9
6 (67%)
1 (11%)
1 (11%)
1 (11%)
MUAC
7
1 (14%)
5 (71%)
1 (14%)
0
Prematurity
9
5 (56%)
3 (33%)
0
1 (11%)
Laboratory variables
Glucose
9
4 (44%)
4 (44%)
1 (11%)
0
Acidosis
9
2 (22%)
6 (67%)
1 (11%)
0
Coagulation (INR/PTT)
9
2 (22%)
3 (33%)
4 (44%)
0
Renal (BUN/SCr)
9
0
5 (56%)
4 (44%)
0
Social and demographic variables
Number of siblings
8
5 (63%)
0
2 (25%)
1 (13%)
Maternal co-morbidities
9
4 (44%)
3 (33%)
1 (11%)
1 (11%)
Maternal Age
8
5 (63%)
0
2 (25%)
1 (13%)
Parents live at home
8
5 (63%)
0
2 (25%)
1 (13%)
Sibling deaths
9
6 (67%)
1 (11%)
1 (11%)
1 (11%)
Water source
8
5 (63%)
1 (13%)
1 (13%)
1 (13%)
Bednet use
6
5 (83%)
0
1 (17%)
0

Table 3.11. Final list of candidate predictors for predictive model (N = 30)
Clinical
Laboratory
Social/demographic
Height
Hemoglobin
Bed net use
Weight
HIV status
Maternal age
Mid-upper arm circumference
Malaria blood smear
Maternal Education
Heart rate
Maternal HIV status
Respiratory rate
Maternal death
Systolic blood pressure
Number of siblings
Diastolic blood pressure
Sibling deaths
Temperature (axillary)
Distance (time)
Oxygen Saturation
Distance (cost)
Blantyre coma score
Availability of latrine
Immunization status
Water source
Prior antibiotic use
Boiling of drinking water
Prior antimalarial use
Time since last hospitalization
Duration of illness
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Table 4.1. General characteristics of discharged subjects (N=1242)
Characteristic
Frequency
Age < 12m
378 (30%)
Age 12m – 24m
379 (30%)
Age 24m – 36m
198 (16%)
Age 36m - 48m
150 (12%)
Age > 48m
138 (11%)
Male sex
682 (55%)
Length of stay < 3 days
487 (39%)
Length of stay 3 – 5 days
487 (39%)
Length of stay 6 – 10 days
173 (14%)
Length of stay > 10 days
96 (8%)
Discharge AMA
120 (10%)
Diagnoses
Pneumonia
390 (31%)
Clinical malaria
621 (50%)
Parasitemia
418 (34%)
Gastroenteritis
96 (8%)
SSTI
7 (0.5%)
Meningitis
32 (2.5%)
Tuberculosis
17 (1.4%)
Measles
15 (1.2%)
Comorbidities
HIV
58 (4.7%)
Sickle Cell
7 (0.5%)
Tuberculosis
21 (1.7%)
Anthropometric Characteristics
Underweight (WAZ <-2)
347 (30%)
Severe underweight (WAZ <-3)
188 (15%)
Wasting (WHZ <-2)
436 (35%)
Severe Wasting (WHZ <-3)
232 (17%)
Stunting (HAZ < -2)
357 (29%)
Severe Stunting (HAZ < -3)
187 (15%)
MUAC < 125
183 (15%)
MUAC < 115
96 (7.7%)
AMA = against medical advice; WAZ = weight for age z-score; WHZ = weight for height/length z-score;
HAZ = height/length for age z-score; MUAC = mid-upper arm circumference
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Table 4.2. Univariate analysis of potential predictor variables
Missing
Variable
OR (95% CI)
AUC (95% CI)
P value
obs.
Male sex
0
0.90 (0.54 - 1.51)
0.51 (0.45 – 0.58) 0.700
Age (months)
3
0.97 (0.97 - 0.97)
0.64 (0.56 – 0.70) 0.003
MUAC (mm)
14
0.97 (0.96 - 0.98)
0.76 (0.70 – 0.83) <0.001
Weight for age z-score
5
0.66 (0.57 - 0.76)
0.68 (0.60 – 0.76) <0.001
Weight for length/height z-score
15
0.81 (0.72 - 0.91)
0.62 (0.55 – 0.70) <0.001
Length/height for age z-score
16
0.79 (0.70 - 0.89)
0.63 (0.56 – 0.71) <0.001
HR-age z-score
3
0.86 (0.74 - 0.99)
0.61 (0.53 – 0.69) 0.036
HR (raw)
0
1.00 (0.99 - 1.01)
0.53 (0.47 – 0.62) 0.728
RR-age z-score
3
0.99 (0.92 - 1.06)
0.53 (0.45 – 0.60) 0.747
RR (raw)
0
1.01 (1.00 - 1.03)
0.57 (0.50 – 0.63) 0.100
SBP z-score
21
0.94 (0.79 - 1.12)
0.50 (0.45 – 0.61) 0.526
SBP (raw)
6
0.98 (0.96 – 1.00)
0.58 (0.50 – 0.66) 0.018
DBP (raw)
6
0.99 (0.97 - 1.01)
0.55 (0.50 – 0.65) 0.255
Temperature (transformed)
0
1.02 (0.90 - 1.16)
0.51 (0.45 – 0.57) 0.789
Temperature (raw)
0
0.76 (0.62 - 0.93)
0.58 (0.50 – 0.65) 0.007
SpO2 (raw)
13
0.94 (0.92 - 0.96)
0.65 (0.57 – 0.73) <0.001
SpO2 (transformed)
13
1.04 (1.02 - 1.05)
0.65 (0.57 – 0.73) <0.001
HIV positive (vs neg.)
25
5.21 (2.55 - 10.65)
0.57 (0.52 – 0.62) <0.001
Hemoglobin (g/dL)
10
0.95 (0.87 - 1.03)
0.56 (0.49 – 0.63) 0.227
Blantyre coma scale <5 (vs 5)
0
2.40 (1.27 - 4.57)
0.56 (0.50 – 0.61) 0.007
Positive blood smear (vs neg.)
11
0.33 (0.16 - 0.68)
0.60 (0.55 – 0.65) 0.002
Illness > 7 days prior to admission
1
0.50 (0.30 - 0.83)
0.58 (0.52 – 0.65) 0.008
Time since last hospitalization§
3
0.75 (0.62 – 0.90)
0.59 (0.52 – 0.67) 0.003
Sibling deaths
0
1.54 (0.89 - 2.65)
0.55 (0.48 – 0.61) 0.121
Number of children in family
2
1.02 (0.92 - 1.13)
0.50 (0.43 – 0.58) 0.750
Boil all drinking water
0
0.82 (0.47 - 1.42)
0.52 (0.46 – 0.58) 0.471
Maternal Age (years)
0
1.00 (0.97 - 1.04)
0.52 (0.41 – 0.57) 0.892
Maternal HIV (ref: neg.)
HIV positive, n=142
0
1.79 (0.87 - 3.67)
0.113
0.54 (0.48 – 0.61)
HIV status unknown, n=220
0
1.27 (0.64 - 2.52)
0.499
Maternal Education (ref: <
Primary 3)
Primary 3 – Primary 7, n=630
0
1.18 (0.62 - 2.23)
0.619
Some Secondary, n=269
0
0.72 (0.31 - 1.70)
0.54 (0.50 – 0.63) 0.457
Post-secondary, n=93
0
1.18 (0.41 - 3.36)
0.762
Bednet use (ref = never)
Sometimes
0
1.00 (0.48 - 2.09)
0.996
0.52 (0.45 – 0.59)
Always
0
0.85 (0.46 - 1.58)
0.612
Distance from hospital (ref: < 30
min.)
30 to 60 minutes
0
0.71 (0.31 - 1.64)
0.421
0.56 (0.49 – 0.62)
More than 60 minutes
0
1.30 (0.70 - 2.41)
0.401
§ ordered as <7d, 7 – 30d, 30d – 1yr, never
MUAC = mid-upper arm circumference; HR = heart rate; RR= respiratory rate; SBP = systolic blood
pressure; DBP = diastolic blood pressure
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Table 4.3. Models developed for prediction of 6 month post-discharge mortality
Variable
Regression Estimate
p-value
Model 1 – Primary model, Intercept = 7.8497
MUAC
-0.0471
<0.0001
SpO2
-0.0407
0.0031
Time since last hosp.
-0.2810
0.0080
HIV positive
0.9827
0.0171
Abnormal BCS
0.8774
0.0147
Model 2 – Model without SpO2, Intercept = 4.5294
MUAC
-0.0506
<0.0001
Time since last hosp.
-0.2593
0.0120
HIV positive
1.1143
0.0048
Abnormal BCS
1.0549
0.0025
Model 3 – Model without MUAC, Intercept = 2.2858
SpO2
-0.0454
0.0005
Time since last hosp.
-0.3179
0.0024
HIV positive
1.1533
0.0066
Abnormal BCS
0.9247
0.0098
WAZ
-0.3016
0.0001
Age
-0.0336
0.0038
Model 4 – Model without HIV, Intercept = 8.3221
MUAC
-0.0494
<.0001
SpO2
-0.0422
0.0024
Time since last hosp.
-0.2991
0.0046
Abnormal BCS
0.8448
0.0191
MUAC = mid-upper arm circumference; BCS = Blantyre coma score

OR (95% CI)
0.95 (0.94 – 0.97)
0.96 (0.94 – 0.99)
0.76 (0.61 – 0.93)
2.67 (1.19 – 6.00)
2.41 (1.19 – 4.87)
0.95 (0.94 – 9.97)
0.77 (0.63 – 0.94)
3.05 (1.40 – 6.61)
2.87 (1.45 – 5.67)
0.96 (0.93 – 0.98)
0.73 (0.59 – 0.89)
3.17 (1.34 – 7.29)
2.52 (1.25 – 5.09)
0.74 (0.63 – 0.86)
0.97 (0.95 – 0.99)
0.95 (0.94 – 0.97)
0.06 (0.93 – 0.99)
0.75 (0.61 – 0.93)
2.28 (1.13 – 4.60)

Table 4.4. Model characteristics at probability cut-offs ensuring model sensitivity of greater than 80%
Model AUC (95% CI)
Prob. cut-off Sens. (95% CI)
Spec. (95% CI)
PPV
NPV
1
0.81 (0.75 – 0.87)
0.035
80.0 (69.9 – 90.1)
64.8 (62.0 – 67.6) 10.7
98.4
2
0.81 (0.75 – 0.87)
0.037
80.3 (70.0 – 90.4)
64.5 (61.7 – 67.3) 10.7
98.6
3
0.80 (0.74 – 0.86)
0.031
80.0 (69.9 – 90.1)
57.9 (55.0 – 60.8) 9.1
98.1
4
0.80 (0.74 – 0.86)
0.034
80.0 (69.9 – 90.1)
62.0 (59.2 – 64.8) 9.9
98.3
AUC = area under the receiver operator characteristic curve; Sens. = sensitivity; Spec. = specificity; PPV =
positive predictive value; NPV = negative predictive value
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Table 5.1. General characteristics of discharged subjects (n=1242)
Characteristic
Frequency (%)
Age < 12m
378 (30)
Age 12m – 24m
379 (30)
Age 24m – 36m
198 (16)
Age 36m - 48m
150 (12)
Age > 48m
138 (11)
Male sex
682 (55)
Length of stay (days), median (IQR)
3 (2 – 5)
Discharge AMA
120 (10)
Diagnoses
Pneumonia
390 (31)
Clinical malaria
621 (50)
Parasitemia
418 (34)
Gastroenteritis
96 (8)
SSTI
7 (0.5)
Meningitis
32 (2.5)
Tuberculosis
17 (1.4)
Measles
15 (1.2)
Comorbidities
HIV
58 (4.7)
Sickle Cell
7 (0.5)
Tuberculosis
21 (1.7)
Anthropometric Characteristics
Underweight (WAZ <-2)
347 (30)
Severe underweight (WAZ <-3)
188 (15)
Wasting (WHZ <-2)
436 (35)
Severe Wasting (WHZ <-3)
232 (17)
Stunting (HAZ < -2)
357 (29)
Severe Stunting (HAZ < -3)
187 (15)
MUAC < 125
183 (15)
MUAC < 115
96 (7.7)
WAZ = weight for age z-score; WHZ = weight for height/length z-score; HAZ = height/length for age zscore; MUAC = mid upper arm circumference
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Table 5.2. Univariate hazard ratios for primary and secondary outcomes among discharged children
Death (n=61)
Death or Re-admission (n=245)
Variable
HR (95% CI)
p
HR (95% CI)
p
General Characteristics
Sex (male)
0.90 (0.55 – 1.49)
0.69
1.04 (0.81 – 1.34)
0.78
Age <12 months
ref
.
ref
.
Age 12-24 months
0.66 (0.37 – 1.18)
0.16
0.69 (0.50 – 0.95)
0.02
Age > 24 months
0.38 (0.20 – 0.72)
0.003
0.77 (058 – 1.03)
0.08
Initial Referral
2.08 (1.19 – 3.63)
0.01
1.21 (0.93 – 1.59)
0.16
Discharge AMA
4.24 (2.44 – 7.34)
<0.0001
1.40 (0.94 – 2.07)
0.10
LOS <3 days
ref
ref
.
3-5 days
0.89 (0.45 – 1.79)
0.74
1.04 (0.78 – 1.39)
0.77
> 5 days
3.23 (1.78 – 5.89)
0.0001
1.19 (0.86 – 1.65)
0.31
Never hospitalized
ref
.
ref
.
< 7 days ago
3.41 (1.40 – 8.27)
0.007
2.60 (1.62 – 4.19)
<0.0001
7 – 30 days ago
2.25 (0.98 – 5.17)
0.06
1.85 (1.20 – 2.85)
0.005
30 days – 1 year
1.91 (1.05 – 3.48)
0.03
1.54 (1.13 – 2.10)
0.006
> 1 year ago
1.03 (0.30 – 3.55)
0.96
0.86 (0.52 – 1.43)
0.56
Anthropometric variables
MUAC >125mm
ref
.
ref
.
MUAC <115mm
9.74 (5.71 – 16.61)
<0.0001
1.83 (1.25 – 2.68)
0.002
MUAC 115 – 125mm
2.66 (1.16 – 6.08)
0.02
1.14 (0.73 – 1.78)
0.57
WAZ > -2
ref
.
ref
.
WAZ < -3
4.58 (2.67 – 7.85)
<0.0001
0.97 (0.67 – 1.40)
0.85
WAZ -3 to -2
1.65 (0.75 – 3.61)
0.21
1.27 (0.88 – 1.83)
0.20
HAZ > -2
ref
.
ref
.
HAZ< -3
2.92 (1.61 - 5.29)
0.0004
0.91 (0.62 – 1.35)
0.65
HAZ -3 to -2
2.47 (1.31 – 4.65)
0.005
1.35 (0.96 – 1.89)
0.09
WHZ > -2
ref
.
ref
.
WHZ < -3
2.57 (1.42 – 4.67)
0.002
1.05 (0.75 – 1.47)
0.76
WHZ -3 to -2
2.38 (1.28 – 4.41)
0.006
1.15 (0.83 – 1.60)
0.41
Clinical Signs
Tachycardia¥
0.56 (0.31 – 1.02)
0.06
0.92 (0.70 – 1.20)
0.57
¶
Fast Breathing
1.67 (0.82 – 3.38)
0.16
1.29 (0.94 – 1.76)
0.12
§
Hypotension
1.75 (0.79 – 3.84)
0.17
1.09 (0.67 – 1.75)
0.74
Temp 36 – 37.5oC
ref
.
ref
.
o
Temp <36 C
3.31 (1.15 – 9.53)
0.03
1.50 (0.73 – 3.08)
0.26
Temp 37.5 – 39 oC
0.87 (0.43 – 1.75)
0.69
1.06 (0.74 – 1.51)
0.75
o
Temp >39 C
0.73 (0.35 – 1.53)
0.40
0.92 (0.64 – 1.33)
0.66
SpO2 95 – 100%
ref
.
ref
.
SpO2 <90%
3.23 (1.71 – 6.10)
0.0003
1.47 (1.10 – 1.98)
0.01
SpO2 90 – 95%
1.85 (0.94 – 3.63)
0.08
0.90 (0.66- 1.24)
0.52
Abnormal BCS
2.35 (1.28 – 4.34)
0.006
1.19 (0.81 – 1.74)
0.38
Hg >11g/dL
ref
.
ref
.
Hg 10 – 11 g/dL
1.42 (0.56 – 3.61)
0.46
1.29 (0.86 – 1.93)
0.21
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Table 5.2. Cont.
Death (n=61)
Death or Re-admission (n=245)
HR (95% CI)
p
HR (95% CI)
p
Clinical Signs
Hg 7 – 10 g/dL
2.47 (1.20 – 5.11)
0.01
1.16 (0.82 – 1.64)
0.39
Hg < 7 g/dL
1.66 (0.76 – 3.67)
0.21
1.40 (0.99 – 1.98)
0.06
Abnormal WBC
1.09 (0.66 – 1.80)
0.75
1.12 (0.88 – 1.45)
0.36
Illness >7days PTA
1.95 (1.18 – 3.22)
0.009
1.26 (0.97 – 1.62)
0.08
Diagnoses
Pneumonia diagnosis
2.00 (1.21 – 3.31)
0.007
1.24 (1.04 – 1.74)
0.03
Malaria diagnosis
0.37 (0.21 – 0.66)
0.0006
0.79 (0.61 – 1.02)
0.07
Parasitemia
0.34 (0.17 – 0.69)
0.003
0.89 (0.67 – 1.16)
0.38
Gastroenteritis
0.83 (0.30 – 2.27)
0.71
0.81 (0.49 – 1.40)
0.41
HIV positive (vs neg)
4.70 (2.45 – 9.04)
<0.0001
1.47 (0.89 – 2.44)
0.14
Health behavior and social variables
Bed net always
ref
.
ref
.
Bed net sometimes
1.17 (0.62 – 2.20)
0.63
0.89 (0.65 – 1.22)
0.47
Bed net never
1.17 (0.64 – 2.14)
0.61
0.95 (0.69 – 1.31)
0.73
∞
Maternal ed. ≤ P3
ref
.
ref
.
Maternal ed. = P4 - P7
1.18 (0.63 – 2.21)
0.60
0.99 (0.73 – 1.34)
0.95
Maternal ed. = S1 - S6
0.73 (0.31 – 1.68)
0.45
0.84 (0.58 – 1.22)
0.35
Maternal ed. = PS
1.17 (0.42 – 3.25)
0.76
0.77 (0.44 – 1.36)
0.37
Distance < 30 min
ref
.
ref
.
Distance 30 – 60 min
0.70 (0.31 – 1.61)
0.40
0.89 (0.61 – 1.31)
0.56
Distance > 60 min
1.29 (0.71 – 2.34)
0.41
1.15 (0.85 – 1.56)
0.36
Number of children
1.02 (0.92 – 1.13)
0.76
1.03 (0.98 – 1.09)
0.20
Sibling deaths
1.51 ( 0.89 – 2.56)
0.13
1.27 (0.97 – 1.66)
0.08
Maternal HIV neg.
ref
.
ref
.
Maternal HIV pos.
1.75 (0.87 – 3.49)
0.12
1.22 (0.82 -1.80)
0.32
Maternal HIV unk.
1.27 (0.65 – 2.47)
0.48
1.00 (0.70 – 1.43)
1.00
Maternal Age (years)
1.00 (0.97 – 1.04)
0.91
0.96 (0.98 – 1.01)
0.59
Municipal water use
ref
.
ref
.
Protected spring use
1.51 (0.64 – 3.55)
0.35
1.02 (0.61 – 1.69)
0.94
Bore hole use
0.97 (0.36 – 2.56)
0.94
1.30 (0.82 – 2.06)
0.27
Fast stream use
0.69 (0.09 – 5.11)
0.71
1.43 (0.69 – 2.95)
0.33
Slow stream use
0.39 (0.05 – 2.89)
0.36
0.49 (0.20 – 1.20)
0.12
Shallow well
1.05 (0.59 – 1.88)
0.86
1.20 (0.90 – 1.59)
0.22
Boil all drinking water
0.81 (0.48 – 1.38)
0.44
0.95 (0.72 – 1.25)
0.71
¥ >180bpm if age < 24 months, >140bmp if age >24 months; ¶ >50 if age <12 months, >40 if age >12
months; § Systolic blood pressure z-score < -2; ∞ Maternal education divided into ≤ primary 3, primary 4
– 7, any secondary, any post-secondary; AMA = against medical advice; LOS = length of stay; MUAC =
mid upper arm circumference; WAZ = weight for age z-score; HAZ = height/length for age z-score;
WHZ = weight for height/length z-score; BCS = Blantyre coma score; WBC = white blood cell count;
PTA = prior to admission
Variable
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Table 5.3. Principal component regression results, unadjusted and adjusted p-values
PC
Component loadings
Unadjusted p
Primary outcome - mortality
1
MUAC, weight for age z, weight for length z
0.002
2
Weight for age z, height for age z
0.004
5
MUAC, age
0.01
9
Length of index admission
0.03
10
Duration of illness
0.09
12
SpO2
0.003
17
Time since last hospitalization
0.006
18
Blantyre coma score
0.009
20
Discharge against medical advice
<.0001
26
HIV
0.0002
30
Clinical malaria
0.08
32
MUAC
<.0001
Secondary outcome – mortality or readmission
8
Hemoglobin level
0.05
12
SpO2
0.04
17
Time since last hospitalization
<0.0001
MUAC = mid-upper arm circumference

Adjusted p
0.11
0.05
0.03
0.23
0.19
0.009
0.01
0.001
0.0002
0.001
0.09
<.0001
0.49
0.002
0.004
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Table 6.1. Structured interview questionnaire and probes
1. Tell me about the events leading up to the death of your child? Give as many details as many details
as you can think of.
o What happened?
o What were the initial symptoms and how did the illness progress?
2. Did you think of seeking care for your child?
3. What were the barriers/difficulties/challenges that prevented you (the parents/guardians) from going
to the hospital/health facility to seek care?
4. Where exactly did the child die?
o For instance, on the way to or at the hospital/health centre, at home, local clinic, another
person’s home (aunt, grandmother etc.) or with traditional healer.
5. Where was the child staying just prior to death?
o Who was looking after the child at the time of becoming sick?
6. Did you (or the person caring for the child) notice that your child was very sick on this occasion?
o If no, did your child appear healthy/well or like usual?
o If yes, what were the things you noticed as being the signs your child was very sick?
7. What were the barriers/difficulties/challenges that prevented you (the parents/guardians) from going
to the hospital/health facility to seek care?
8. Could anything have been done to help you or your child?
o If yes, in your opinion, what could have been done?
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Table 6.2. Participant characteristics
Variable
Age (months)
Gender
Male
Female
Distance to hospital
< 30 minutes
30 minutes – 1 hour
> 1 hour
HIV status
Child HIV+
Maternal HIV+
Maternal age (years)
Maternal education
< Primary 3
Primary 3 – Primary 7
Secondary
Post-secondary
Water supply
Municipal water
Protected spring
Bore hole
Fast running stream
Slow stream
Shallow well
Bed net use (child)
Always
Sometimes
Never

Mean ± SD or N (%)
19.2 ± 14.2
22 (55.0%)
18 (45.0%)
6 (15.0%)
7 (17.5%)
27 (67.5%)
7 (17.5%)
6 (15.0%)
29.0 ± 7.25
12 (30.0%)
22 (55.0%)
5 (12.5%)
1 (2.5%)
6 (15.0%)
4 (10.0%)
6 (15.0%)
1 (2.5%)
1 (2.5%)
21 (52.5%)
15 (37.5%)
12 (30.0%)
13 (32.5%)
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Table 6.3. Predictors of out of hospital death among children who died post-discharge
Variable
OR (95% CI)
p-value
Sex (ref = male)
1.10 (0.38 – 3.19)
0.86
Age (per 1 month increase)
1.04 (0.99 – 1.10)
0.12
HIV Positive
1.33 (0.31 – 5.86)
0.70
Bed net use (ref = always)
Sometimes
6.40 (1.22 – 33.47)
0.03
Never
8.00 (1.56 – 41.03)
0.01
Maternal Education (ref = < P3)
P4 - P7
0.35 (0.07 – 1.87)
0.22
S1 - S6
0.19 (0.03 – 1.40)
0.10
Post-secondary
0.04 (0.00 – 0.54)
0.02
Maternal Education (per category increase) 0.38 (0.19 – 0.79)
0.009
Distance (ref = <30 minutes)
30 – 60 minutes
4.00 (0.62 – 25.96)
0.15
> 60 minutes
3.20 (0.92 – 11.12)
0.07
Maternal HIV status (ref = negative)
Positive
1.38 (0.32 – 6.05)
0.67
Unknown
1.21 (0.27 – 5.42)
0.80
Water source (ref = municipal water)
Protected spring
12.00 (1.20 – 120.08)
0.03
Bore hole
8.00 (0.75 – 85.73)
0.09
Fast running stream
NA
NA
Slow stream
NA
NA
Shallow well
10.50 (2.58 – 42.68)
0.001
Early death (ref=<30days)
1.92 (0.65 – 5.68)
0.24
Discharged against medical advice
1.05 (0.33 – 3.33)
0.95
Length of Stay (ref =<3 days)
3-5 days
1.15 (0.24 – 5.39)
0.86
> 5 days
0.72 (0.20 – 2.59)
0.61
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Table 6.4. Illustrative quotes of barriers to care identified through survey
Barriers to Care

Quote

Monetary constraints

I took her to the nearby clinic and was seen by a nurse who referred
us to the hospital. However, due to lack of money, I went back home.

Transportation

The cars in this place travel at night, starting from midnight to 5 am.
Before that time, the only option is hiring which was too expensive for
us, so this caused a delay to reach the hospital.
The father told me that I should let the child die.

No paternal support
Recent hospital visit

I only delayed to take him to the hospital because I thought that
maybe the sickness was the effect of drugs he had received in the
hospital… but he kept getting worse.

No notable improvement

As for Kabuyanda Health Center, which was near me, I had been
going there with no improvement, so I did not see any need to go
back.
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Table 7.1. Baseline characteristics of study subjects
Characteristic
Frequency/mean/median
Total N=717
Demographics
Median age in months (IQR)
25 (11 – 64)
Male sex
360 (50.2%)
History of sibling death
20.8%
Ever breastfed
99.9%
Median number of Children in Family (IQR)
3.0 (2.0 – 5.0)
Mother Alive
700 (97.6%)
Maternal HIV positive
35 (4.9%)
Maternal HIV negative
575 (80.2%)
Maternal HIV unknown
107 (14.9%)
HIV status
Known HIV positive
5 (0.7%)
Maternal education
No education
93 (13.0%)
Less than Grade 3
78 (10.9%)
Grade 3 to Grade 7
380 (53.0%)
Some Secondary School (S1 to S6)
133 (18.6%)
Post-Secondary
33 (4.6%)
Transport cost
≤ 1000 UGX (1000 UGX = 0.4 USD)
144 (20.1%)
1001 – 2000 UGX
261 (36.4%)
2001 – 3000 UGX
175 (24.4%)
> 3000 UGX
137 (19.1%)
Bednet use
Never
139 (19.4%)
Sometimes
54 (7.5%)
Always
524 (73.1%)
Distance to health center (typical transport)
< 30 min
539 (75.2%)
30 – 60 minutes
156 (21.8%)
> 60 minutes
22 (3.1%)
Duration of illness prior to visit
< 7 days
524 (73.2%)
7-30 days
153 (21.4%)
> 30 days
39 (5.5%)
Seen by CHW
177 (24.7%)
Referred by CHW
134 (18.7%)
Clinical variables
Mean RR (SD)
38.2 (14.6)
Mean HR age Z score (SD)
1.1 (0.95)
Mean RR age Z score (SD)
1.9 (2.6)
Mean SBP age Z score (SD)
0.55 (3.17)
Mean weight for age Z score (SD)
-0.44 (1.47)
Mean Temperature (SD)
37.1 (1.03)
Median SpO2 (IQR)
97.3 (95.1 – 98.5)
CHW: Community health worker; RR: Respiratory Rate; HR: Heart Rate; SBP: Systolic blood pressure
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Table 7.2. Outpatient department diagnoses
Outpatient/Admitting diagnosis

Respiratory tract infection (not specified)
Malaria
Pneumonia
Skin and Soft Tissue Infection
Gastroenteritis
HIV
Tuberculosis
Meningitis/Encephalitis
Other infection
Other non-infectious diagnosis

Frequency
n (%)
Total N=717
264 (36.8%)
221 (30.1%)
164 (22.9)
38 (5.3%)
40 (5.6%)
4 (0.6%)
2 (0.3%)
0 (0%)
72 (10.0%)
419 (58.4%)
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Table 7.3. Outcomes of subjects during SCV and during 30 day follow-up period
Event Details
Frequency
n (%)
Immediate events (Total N=717)
Outcome event*
85 (11.9%)
Death
0 (0%)
Immediate admission
72 (10.1%)
Referral
16 (2.2%)
30 day follow-up events (Total N=604)
Outcome event*
47 (7.8%)
Death during 30 day follow-up
3 (0.5%) (2 at home, 1 in hospital)
Admission post-OPD visit
8 (1.3%)
CHW visit post-OPD visit
8 (1.3%)
Physician/Clinical officer visit post-OPD visit
19 (3.2%)
Nurse visit post-OPD visit
3 (0.5%)
Traditional healer visit post-OPD visit
0 (0%)
Untrained health worker visit post-OPD visit
10 (1.7%)
* Number is lower than sum of individual events since due to event overlap
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Table 7.4. Univariate association between baseline variables and immediate and early events
Variable
Immediate events
Events within 30 days
OR (95% CI)
OR (95% CI)
Total N=717
Total N=604
Demographic variables
Male sex
1.26 (0.80 – 1.99)
1.69 (0.92 – 3.11)
Age (ref = <12months)
ref
ref
Age 12-24 months
1.15 (0.62 – 2.13)
1.00 (0.40 – 2.27)
Age 24 – 60 months
1.30 (0.72 – 2.33)
0.91 (0.40 – 2.06)
Age > 60 months
0.45 (0.22 – 0.94)
0.78 (0.34 – 1.77)
Transport costs (ref = ≤1k)
1-2k
0.74 (0.37 – 1.45)
1.16 (0.52 – 2.55)
2-3k
1.15 (0.58 – 2.28)
0.97 (0.41 – 2.33)
>3k
1.79 (0.91 – 3.51)
0.57 (0.19 – 1.72)
Distance to health center (Ref = <30 min)
30-60min
1.92 (1.16 – 3.17)
0.76 (0.35 – 1.67)
>60 min
2.70 (0.96 – 7.61)
0.62 (0.08 – 4.75)
Sibling deaths
0.53 (0.27 – 1.03)
0.72 (0.33 – 1.58)
Number of siblings (ref = ≤1)
2-3
0.90 (0.53 – 1.54)
0.55 (0.25 – 1.21)
≥4
0.60 (0.34 – 1.06)
0.80 (0.41 – 1.58)
Maternal Education (ref = no education)
Less than P3
0.95 (0.35 – 2.53)
0.52 (0.16 – 1.75)
P4-P7
1.34 (0.66 – 2.76)
0.51 (0.23 – 1.12)
≥S1
0.76 (0.33 – 1.80)
0.56 (0.23 – 1.39)
Maternal HIV status (ref = negative)
HIV positive
1.54 (0.62 – 3.85)
0.89 (0.20 – 3.87)
HIV unknown
0.85 (0.43 – 1.68)
1.12 (0.48 – 2.60)
Health seeking/behavior variables
Bednet use (ref = never)
Sometimes
1.33 (0.51 – 3.50)
0.61 (0.07 – 5.62)
Always
1.24 (0.67 – 2.29)
2.87 (1.01 – 8.19)
Antibiotic prior to visit
1.03 (0.65 – 1.65)
1.19 (0.65 – 2.18)
Antimalarial prior to visit
2.17 (1.36 – 3.45)
0.75 (0.38 – 1.52)
CHW referral
1.51 (0.88 – 2.57)
0.81 (0.35 – 1.86)
Seen by CHW
2.03 (1.26 – 3.27)
0.70 (0.33 – 1.50)
Clinical variables
Duration of illness (Ref = <7days)
7-30 days
1.47 (0.88 – 2.45)
0.84 (0.39 – 1.80)
> 30 days
0.43 (0.10 – 1.81)
1.28 (0.37 – 4.45)
Raw RR
1.03 (1.01 – 1.04)
1.00 (0.98 – 1.02)
RR age z-score
1.09 (0.01 – 1.17)
1.00 (0.89 – 1.13)
Raw HR
1.02 (1.01 – 1.03)
1.00 (0.99 – 1.01)
HR age z-score
1.23 (1.07 – 1.42)
1.00 (0.83 – 1.19)
Raw SBP
0.98 (0.97 – 1.00)
1.02 (0.99 – 1.04)
SBP age z-score
0.96 (0.85 – 1.08)
1.27 (1.05 – 1.54)
Temperature (above 36.5) as
2.02 (1.57 – 2.57)
0.68 (0.43 – 1.07)
cont. variable Per 1OC increase
Temperature (below 36.5) as
1.13 (0.35 – 3.62)
2.04 (0.77 – 6.07)
cont. variable per 1OC decrease
SpO2 (per 1% decrease)
1.06 (1.02 – 1.09)
1.02 (0.98 – 1.07)
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Table 7.4. Continued.
Variable

Immediate events
OR (95% CI)
Total N=717
ref
1.16 (0.53 – 2.55)
2.72 (1.27 – 5.81)
NA

Events within 30 days
OR (95% CI)
Total N=604
ref
1.03 (0.35 – 3.00)
1.76 (0.59 – 5.28)
1.10 (0.45 – 2.71)

WAZ (ref = >-2)
WAZ -2 to WAZ -3
WAZ <-3
Presence of immediate event
Diagnostic variables (adjusted*)
Gastroenteritis
0.75 (0.17 – 3.40)
1.03 (0.25 – 4.69)
Clinical malaria
4.50 (2.44 – 8.30)
0.90 (0.41 – 1.00)
Pneumonia
4.13 (2.01 – 8.15)
1.80 (0.66 – 4.94)
Other respiratory tract infection
0.13 (0.04 – 0.40)
1.31 (0.46 –3.70)
SSTI
0.63 (0.12 – 3.18)
1.69 (0.38 – 7.39)
Other infection
0.47 (0.13 – 1.64)
1.30 (0.39 – 4.36)
Non infection (other)
1.58 (0.69 – 3.62)
0.99 (0.30 – 3.28)
*adjusted for other diagnoses due to overlapping diagnoses
WAZ = weight for age z-score; SSTI = skin and soft tissue infection; RR = respiratory rate; HR = heart
rate; SBP = systolic blood pressure; CHW = community health worker
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Table 7.5. Comparison of baseline characteristics of those followed-up and those lost to follow-up
Characteristic
Followed-up
Lost to follow-up
Frequency/mean/median
Frequency/mean/median
P-value
Total N=604
Total N=113
Demographics
Median age (IQR)
25 (12-68)
23 (10-48)
0.10
Male sex
49.8
52.2
0.6
Sibling death
21.7
15.9
0.16
Median children in family
3 (2-5)
3 (2-4)
0.03
(IQR)
Mother alive
2.3
2.6
0.80
Transport
Maternal HIV status
0.058
Maternal HIV+
4.8
5.3
Maternal HIV81.6
72.6
Maternal HIV unknown
13.6
22.1
Maternal education
0.05
No education
13.1
12.4
Less than Grade 3
9.4
18.6
Grade 3 – Grade 7
53.3
51.3
Secondary School (S1-S6)
19.5
13.3
Post-Secondary
4.6
4.4
Transport costs
0.058
≤ 1000 UGX
20.7
16.8
1001 – 2000 UGX
36.3
37.2
2001 – 3000 UGX
25.5
18.6
> 3000 UGX
17.6
27.4
Bednet use
0.72
Never
18.9
22.1
Sometimes
7.6
7.1
Always
73.5
70.8
Distance from health center
0.28
< 30 min
76.2
69.9
30 – 60 minutes
20.7
27.4
> 60 minutes
3.15
2.7
Duration of illness prior to visit
0.30
< 7 days
73.0
74.3
7-30 days
22.1
17.7
> 30 days
5.0
8.0
Clinical variables
Mean RR (SD)
37.6 (14.7)
41.3 (13.8)
0.01
Mean RR age z-score (SD)
2.3 (3.1)
1.8 (2.5)
0.05
Mean HR age z-score (SD)
1.1 (1.7)
1.3 (1.6)
0.36
Mean SBP age z-score (SD) 0.5 (1.4)
1.1 (7.3)
0.06
Mean WAZ (SD)
-0.45 (1.5)
-0.40 (1.6)
0.80
Mean temperature (SD)
37.1 (1.0)
37.2 (1.0)
0.15
Median SpO2
97.5 (95.3 – 98.6)
96.4 (94.0 – 98.2)
0.007
RR = respiratory rate; HR = heart rate; SBP = systolic blood pressure; WAZ = weight for age z-score;
SpO2 = oxygen saturation
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Table 8.1a. Definition of sepsis
Systemic inflammatory response syndrome (SIRS)
Presence of at least 2 of the following, one of which must be abnormal temperature or leukocyte count
Core temperature > 38.5oC or < 36oC
Tachycardia or Bradycardia (see below) in the absence of external stimulus, drugs etc.
Tachypnea (see below) not related to underlying neuromuscular disease or anesthesia
Leukocyte count elevated or depressed (see below)
Infection
Suspected or proven infection caused by any pathogen OR a clinical syndrome associated with a
high probability of infection

Table 8.1b. Age-specific cut-offs for heart rate, respiratory rate and leukocyte count
Heart Rate, Beats/Min
Respiratory Rate,
Age group
Breaths/Min
Tachycardia
Bradycardia
1 mo – 1 yr
> 180
< 90
> 34
2 yr – 5 yr
> 140
N/A
> 22

Leukocyte Count
x 103/mm3
> 17.5 or < 5
> 15.5 or < 6
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Table 8.2. Characteristics of subjects (n=1307)
General characteristics
Frequency, n (%)
Age (months), median (IQR)
18 (11-34)
Male sex
717 (54.9)
Length of stay (days), median (IQR) 3 (2 – 5)
Discharge AMA
120 (9.7)
Duration of illness < 7 days
841 (64.3)
Final diagnoses
Pneumonia
410 (31.4)
Clinical malaria
659 (50.4)
Parasitemia
434 (33.5)
Gastroenteritis
102 (7.8)
Meningitis
39 (3.0)
Comorbidities
HIV
66 (5)
Tuberculosis
23 (1.8)
Anthropometrics
Underweight (WAZ <-2)
372 (28.6)
Severe underweight (WAZ <-3)
206 (15.9)
Wasting (WHZ <-2)
454 (35.3)
Severe Wasting (WHZ <-3)
237 (18.4)
Stunting (HAZ < -2)
368 (28.5)
Severe Stunting (HAZ < -3)
185 (14.3)
MUAC < 125
187 (14.5)
MUAC < 115
94 (7.3)
Distance from hospital
< 30 minutes
339 (25.9)
30 minutes – 1 hour
290 (22.2)
> 1 hour
678 (51.9)

133

Table 8.3. Characteristics of individual criteria for SIRS and sepsis in study sample
n (%)
Sensitivity*
Specificity*
PPV (%) NPV (%)
Criteria
N = 1307
(95% CI)
(95% CI)
7.8
97.5
WBC criteria only
587 (45.2)
0.72 (0.61 – 0.83) 0.56 (0.53 – 0.59
5.4
96.6
Temp. criteria only
1042 (79.7) 0.86 (0.78 – 0.95) 0.21 (0.18 – 0.23)
5.3
95.3
Heart rate criteria only 453 (34.7)
0.38 (0.25 – 0.50) 0.66 (0.63 – 0.68)
4.8
93.3
RR criteria only
1246 (95.4)
0.94 (0.88 – 1.0) 0.05 (0.03 – 0.06)
8.0
96.8
Sepsis (WBC + Temp.) 478 (36.8)
0.59 (0.47 – 0.72) 0.64 (0.62 – 0.67)
7.8
95.7
Sepsis (WBC + HR)
219 (16.9)
0.27 (0.16 – 0.38) 0.84 (0.82 – 0.86)
7.5
97.3
Sepsis (WBC + RR)
572 (44.1)
0.68 (0.56 – 0.80) 0.57 (0.54 – 0.60)
5.3
95.3
Sepsis (Temp. + HR)
399 (30.6)
0.33 (0.21 – 0.45) 0.70 (0.67 – 0.72)
5.2
96.1
Sepsis (Temp. + RR)
1001 (76.7) 0.81 (0.71 – 0.91) 0.23 (0.21 – 0.26)
5.4
98.4
Sepsis (Full definition) 1121 (85.9)
0.95 (0.90 – 1.0) 0.15 (0.13 – 0.17)
* The sensitivity and specificity refer to the proportion of deaths captured and the proportion of survivors
captured by each of the individual SIRS and sepsis criteria, respectfully.
PPV = positive predictive value; NPV = negative predictive value; WBC = leukocyte count; Temp. =
axillary temperature; HR = heart rate; RR = respiratory rate
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Table 8.4. Final diagnoses among those who died as reported by
medical team (N = 65)
Diagnosis
n* (%)
Malaria
27 (41)
Pneumonia
19 (29)
Diarrhea
7 (11)
Meningitis
7 (11)
No infection
2 (3)
Sepsis (source not defined)
8 (12)
TB
2 (3)
Measles
1 (1.5)
Any combination
7 (11)
* numbers add to more than 65 due to overlapping diagnoses in
some study subjects

Table 8.5. Characteristics of subjects who died but did not meet sepsis criteria
Subject LOS
HR
Temp
RR
BCS
WBC
HIV

SpO2

Dx
Meningitis,
malnutrition,
1
0
114
38.2
11
2
13.0
Negative 62%
bowel
obstruction
2
2
160
37.0
75
5
15.0
Positive
98%
Pneumonia
3
4
154
36.8
26
5
22.8
Exposed
97%
Diarrhea
LOS: Length of stay (days), HR: Heart rate, Temp: Axillary temperature (oC), BCS: Blantyre coma score,
WBC: Leukocyte count (x 10 9/L), Dx: Final diagnosis
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Table 9.1. Characteristics of subjects (n=1307)
General characteristics
Frequency, n (%)
Age < 12m
393 (30.1)
Age 12m – 24m
402 (30.8)
Age 24m – 36m
210 (16.1)
Age 36m - 48m
159 (12.2)
Age > 48m
142 (10.9)
Female sex
590 (45.1)
Length of stay (days), median (IQR)
3 (2 – 5)
Discharge AMA
120 (9.7)
Duration of illness < 7 days
841 (64.3)
Final diagnoses
Pneumonia
410 (31.4)
Clinical malaria
659 (50.4)
Parasitemia
434 (33.5)
Gastroenteritis
102 (7.8)
Meningitis
39 (3.0)
Comorbidities
HIV
66 (5)
Tuberculosis
23 (1.8)
Anthropometrics
Underweight (WAZ <-2)
372 (28.6)
Severe underweight (WAZ <-3)
206 (15.9)
Wasting (WHZ <-2)
454 (35.3)
Severe Wasting (WHZ <-3)
237 (18.4)
Stunting (HAZ < -2)
368 (28.5)
Severe Stunting (HAZ < -3)
185 (14.3)
MUAC < 125mm
187 (14.5)
MUAC < 115mm
94 (7.3)
Distance from hospital
< 30 minutes
339 (25.9)
30 minutes – 1 hour
290 (22.2)
> 1 hour
678 (51.9)
AMA = against medical advice; WAZ = weight for age z-score;
WHZ = weight for height/length z-score; HAZ = height/length
for age z-score; MUAC = mid-upper arm circumference

136

Table 9.2. Univariate analyses of candidate predictor variables for inpatient-mortality
Variable
n (%)
OR (95% CI)
p-value
AUC ROC (95% CI)
Age (months)
1306 (99.9)
1.00 (0.99 - 1.02)
0.852
0.51 (0.44 - 0.58)
Sex (female)
1307 (100)
0.96 (0.58 - 1.58)
0.866
0.51 (0.44 - 0.57)
MUAC
1293 (98.9)
0.98 (0.96 - 0.99)
<0.001
0.60 (0.53 - 0.68)
Weight
1300 (99.5)
0.89 (0.81 - 0.97)
0.008
0.59 (0.52 - 0.67)
Weight-age z-score
1299 (99.4)
0.75 (0.65 - 0.87)
<0.001
0.64 (0.56 - 0.71)
Weight-length z-score
1282 (98.1)
0.80 (0.72 - 0.89)
<0.001
0.63 (0.55 - 0.7)
Height-age z-score
1286 (98.4)
0.90 (0.80 - 1.00)
0.052
0.57 (0.50 - 0.64)
BMI-age z-score
1282 (98.1)
0.81 (0.71 - 0.92)
<0.001
0.62 (0.54 - 0.69)
Heart rate
1306 (99.9)
0.99 (0.98 - 1.00)
0.04
0.55 (0.47 - 0.63)
Heart rate z-score
1305 (99.8)
0.87 (0.76 - 1.00)
0.051
0.53 (0.45 - 0.62)
Resp. rate
1306 (99.9)
1.01 (1.00 - 1.03)
0.17
0.56 (0.49 - 0.64)
Resp. rate age z-score
1305 (99.8)
1.06 (1.00 - 1.12)
0.063
0.55 (0.48 - 0.63)
SBP
1298 (99.3)
0.98 (0.96 - 0.99)
0.01
0.60 (0.53 - 0.68)
SBP z-score
1277 (97.7)
0.84 (0.70 - 1.00)
0.045
0.59 (0.51 - 0.67)
DBP
1298 (99.3)
0.96 (0.94 - 0.98)
<0.001
0.65 (0.58 - 0.73)
Transformed SpO2
1291 (98.8)
1.03 (1.01 - 1.05)
<0.001
0.59 (0.50 - 0.68)
Temperature – raw
1307 (100)
0.68 (0.57 - 0.80)
<0.001
0.61 (0.54 - 0.68)
Temperature – transformed 1307 (100)
1.05 (0.93 - 1.18)
0.466
0.50 (0.43 - 0.57)
Blantyre coma score
1307 (100)
0.09 (0.05 - 0.15)
<0.001
0.73 (0.67 - 0.79)
Hemoglobin (g/dL)
1299 (99.4)
0.94 (0.87 - 1.02)
0.157
0.56 (0.48 - 0.64)
Parasitemia (ref: neg)
1297 (99.2)
0.65 (0.36-1.16)
0.144
0.54 (0.49-0.6)
SR Maternal HIV (ref: neg) 1087 (83.2)
1.91 (0.93-3.95)
0.079
0.55 (0.48-0.61)
HIV status (ref: neg)
1263 (96.6)
5.02 (2.22-11.38)
<0.001
0.58 (0.51-0.64)
MUAC: mid-upper arm circumference, SBP: Systolic blood pressure, DBP: Diastolic blood pressure, SR:
Self report
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Table 9.3. Model characteristics
Model AUC (95% CI)
Sens. (95% CI)
Spec. (95% CI)
1
0.85 (0.80 - 0.89) 0.83 (0.74 - 0.92) 0.76 (0.73 - 0.78)
2
0.84 (0.79 - 0.89) 0.80 (0.70 - 0.90) 0.76 (0.74 - 0.79)
3
0.82 (0.72 - 0.91) 0.82 (0.72 - 0.91) 0.71 (0.68 - 0.73)
PPV: Positive predictive value, NPV: Negative predictive value

PPV (95% CI)
0.15 (0.11 - 0.19)
0.15 (0.11 - 0.19)
0.13 (0.10 - 0.16)

NPV (95% CI)
0.99 (0.98 - 1.00)
0.99 (0.98 - 1.00)
0.99 (0.98 - 0.99)
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Table 9.4. Models developed for prediction of in-patient mortality
Variable
Regression Estimate
p-value
Model 1 – Primary model, Intercept = -4.280
Abnormal BCS
2.51
<0.001
Positive HIV diagnosis
1.32
0.007
Weight-age z-score
-0.25
0.002
Model 2 – Model without weight for age z-score, Intercept =-0.523
Abnormal BCS
2.54
<0.001
Positive HIV diagnosis
2.27
0.006
MUAC (mm)
-0.03
0.002
Model 3 – Model without HIV and weight for age z-score, Intercept = 0.303
Abnormal BCS
2.47
<0.001
MUAC (mm)
-0.03
<0.001
BCS: Blantyre coma score, MUAC: Mid-upper arm circumference

OR (95% CI)
12.30 (7.10 - 21.30)
3.74 (1.46 - 9.57)
0.78 (0.66 - 0.91)
12.68 (7.31 - 22.01)
3.79 (1.48 - 9.71)
0.98 (0.96 - 0.99)
11.78 (6.90 - 20.13)
0.97 (0.96 - 0.99)
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Figures

Articles Identified Through
Systematic Search
N = 1942

Excluded based on type, subject,
abstract

N = 1882
Articles Retrieved For Further
Evaluation
N = 57

Articles Included

No post-discharge data N = 33
Not developing country N = 2
Mixed pediatric/adult data N = 5
Surgical Study N = 4

N = 13
Figure 2.1. Flow diagram of search
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Round 1 Delphi
Eliminated Variables
Participants = 23

N=8
Variables, N = 17

Final Variables
Round 1

Round 1 Delphi
N = 9*
40 variables proposed
Round 2
N = 10*

Round 1 Delphi

Total Predictors

24 variables eliminated

N = 30
Round 2 Delphi
Participants = 12
Variables, N = 16

Eliminated Variables
N=6

Figure 3.1. Flow diagram of Delphi process.

* Variables included some with multiple predictors listed as single variables (eg.
height/weight and vital signs). Total predictors are therefore not a sum of final variables
from Round 1 and Round 2 of Delphi process.
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-

-

-

-

Figure 4.1. Consort diagram of study flow

142

Sens: 80.0
Spec: 64.8
NPV: 98.4%

Figure 4.2. Performance of the primary prediction model derived with data
from admission. ROC = receiver operating characteristic. Sens = sensitivity.
Spec = specificity. NPV = negative predictive value. PPV = positive predictive
value.
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Subjects Screened
n=1824

Subjects excluded, n=51 (28.3%)
Cancer n=12
Cardiac disease n=19
Distance n=35
Isolated malnutrition n=192
Re-admission n=51
Refused consent n=22
Toxicology n=19
Other non-infectious admission
n=16

Subjects enrolled
n=130

Died in hospital

Discharged alive

n=65 (5.0%)

n=1242 (95.0%)

Follow-up
No follow-up: n= (0.5%)
Partial follow-up: n=15
(1.2%)
Full follow-up: 1221 (98.3%)
Survived

Died

N=11 9 (95.1%)

N=61 (4.9%)

Figure5.1.
5.1.
Consort
diagram
of flow
study flow
Figure
Consort
diagram
of study
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Figure 5.2. Kaplan-Meier curve of mortality after discharge
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Figure 5.3. Kaplan-Meier curve of composite of mortality or readmission after discharge
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Subjects Screened n=808

Subjects Enrolled n=717

Excluded n=91
78 no parent/guardian
2 refused consent
2 already enrolled
9 not illness related

Subjects lost to follow-up n=113

Subjects followed-up n=604

Figure 7.1 Consort diagram of study flow
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Figure 7.2 Distributions of select baseline clinical variables
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Subjects Screened
n=1824

Subjects excluded, n=51 (28.3%)
Cancer n=12
Cardiac disease n=19
Distance n=35
Isolated malnutrition n=192
Re-admission n=51
Refused consent n=22
Toxicology n=19
Other non-infectious admission n=16

Subjects enrolled
n=130

Died in hospital
n=65 (5.0%)

Figure 8.1. Consort diagram of study flow
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Subjects Screened
n=1824

Subjects excluded, n=51 (28.3%)
Cancer n=12
Cardiac disease n=19
Distance n=35
Isolated malnutrition n=192
Re-admission n=51
Refused consent n=22
Toxicology n=19
Other non-infectious admission n=166

Subjects enrolled
n=130

Died in hospital
n=65 (5.0%)

Figure 9.1. Consort diagram of study flow
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Figure 9.2. Primary model receiver operating curve characteristics
ROC = receiver operating characteristic; Sens = sensitivity; Spec = specificity;
PV - = negative predictive value; PV+ = positive predictive value
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