
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Burden and outcome of neonatal diseases and conditions at a rural district
hospital setting in Kenya

Mwaniki, M.K.

Publication date
2015
Document Version
Final published version

Link to publication

Citation for published version (APA):
Mwaniki, M. K. (2015). Burden and outcome of neonatal diseases and conditions at a rural
district hospital setting in Kenya. [Thesis, externally prepared, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://dare.uva.nl/personal/pure/en/publications/burden-and-outcome-of-neonatal-diseases-and-conditions-at-a-rural-district-hospital-setting-in-kenya(2ffe72fd-6583-4bef-81ac-a5dab3f21aa6).html


209273-L-os-Mwaniki209273-L-os-Mwaniki209273-L-os-Mwaniki209273-L-os-Mwaniki Processed on: 9_7_2015Processed on: 9_7_2015Processed on: 9_7_2015Processed on: 9_7_2015

BURDEN AND OUTCOME OF NEONATAL DISEASES AND CONDITIONS 

AT A RURAL DISTRICT HOSPITAL SETTING IN KENYA

Michael Kivwanga Mwaniki

More than  
1 million 
neonatal deaths 
(>128 per hour) 
occur in  
Africa alone

BU
RD

EN
 A

N
D

 O
U

TCO
M

E O
F N

EO
N

ATA
L D

ISEA
SES A

N
D

 CO
N

D
ITIO

N
S 

AT A
 RU

RA
L D

ISTRIC
T H

O
SPITA

L SETTIN
G

 IN
 KEN

YA
M

ichael Kivw
anga M

w
aniki

 
 

 

Invitation

You are invited to attend the 
public defense of the thesis

BURDEN AND OUTCOME 
OF NEONATAL DISEASES 
AND CONDITIONS AT A 

RURAL DISTRICT HOSPITAL 
SETTING IN KENYA

~

Michael Kivwanga Mwaniki

 
Thursday October 8, 2015

at 10.00 hours

Agnietenkapel
Oudezijds Voorburgwal 231

1012 EZ Amsterdam

Michael Kivwanga Mwaniki
michael.kivkiv@gmail.com

BURDEN AND OUTCOME OF NEONATAL DISEASES AND CONDITIONS 

AT A RURAL DISTRICT HOSPITAL SETTING IN KENYA

Michael Kivwanga Mwaniki

More than  
1 million 
neonatal deaths 
(>128 per hour) 
occur in  
Africa alone

BU
RD

EN
 A

N
D

 O
U

TCO
M

E O
F N

EO
N

ATA
L D

ISEA
SES A

N
D

 CO
N

D
ITIO

N
S 

AT A
 RU

RA
L D

ISTRIC
T H

O
SPITA

L SETTIN
G

 IN
 KEN

YA
M

ichael Kivw
anga M

w
aniki

 
 

 

Invitation

You are invited to attend the 
public defense of the thesis

BURDEN AND OUTCOME 
OF NEONATAL DISEASES 
AND CONDITIONS AT A 

RURAL DISTRICT HOSPITAL 
SETTING IN KENYA

~

Michael Kivwanga Mwaniki

 
Thursday October 8, 2015

at 10.00 hours

Agnietenkapel
Oudezijds Voorburgwal 231

1012 EZ Amsterdam

Michael Kivwanga Mwaniki
michael.kivkiv@gmail.com

BURDEN AND OUTCOME OF NEONATAL DISEASES AND CONDITIONS 

AT A RURAL DISTRICT HOSPITAL SETTING IN KENYA

Michael Kivwanga Mwaniki

More than  
1 million 
neonatal deaths 
(>128 per hour) 
occur in  
Africa alone

BU
RD

EN
 A

N
D

 O
U

TCO
M

E O
F N

EO
N

ATA
L D

ISEA
SES A

N
D

 CO
N

D
ITIO

N
S 

AT A
 RU

RA
L D

ISTRIC
T H

O
SPITA

L SETTIN
G

 IN
 KEN

YA
M

ichael Kivw
anga M

w
aniki

 
 

 

Invitation

You are invited to attend the 
public defense of the thesis

BURDEN AND OUTCOME 
OF NEONATAL DISEASES 
AND CONDITIONS AT A 

RURAL DISTRICT HOSPITAL 
SETTING IN KENYA

~

Michael Kivwanga Mwaniki

 
Thursday October 8, 2015

at 10.00 hours

Agnietenkapel
Oudezijds Voorburgwal 231

1012 EZ Amsterdam

Michael Kivwanga Mwaniki
michael.kivkiv@gmail.com

BURDEN AND OUTCOME OF NEONATAL DISEASES AND CONDITIONS 

AT A RURAL DISTRICT HOSPITAL SETTING IN KENYA

Michael Kivwanga Mwaniki

More than  
1 million 
neonatal deaths 
(>128 per hour) 
occur in  
Africa alone

BU
RD

EN
 A

N
D

 O
U

TCO
M

E O
F N

EO
N

ATA
L D

ISEA
SES A

N
D

 CO
N

D
ITIO

N
S 

AT A
 RU

RA
L D

ISTRIC
T H

O
SPITA

L SETTIN
G

 IN
 KEN

YA
M

ichael Kivw
anga M

w
aniki

 
 

 

Invitation

You are invited to attend the 
public defense of the thesis

BURDEN AND OUTCOME 
OF NEONATAL DISEASES 
AND CONDITIONS AT A 

RURAL DISTRICT HOSPITAL 
SETTING IN KENYA

~

Michael Kivwanga Mwaniki

 
Thursday October 8, 2015

at 10.00 hours

Agnietenkapel
Oudezijds Voorburgwal 231

1012 EZ Amsterdam

Michael Kivwanga Mwaniki
michael.kivkiv@gmail.com

BURDEN AND OUTCOME OF NEONATAL DISEASES AND CONDITIONS 

AT A RURAL DISTRICT HOSPITAL SETTING IN KENYA

Michael Kivwanga Mwaniki

More than  
1 million 
neonatal deaths 
(>128 per hour) 
occur in  
Africa alone

BU
RD

EN
 A

N
D

 O
U

TCO
M

E O
F N

EO
N

ATA
L D

ISEA
SES A

N
D

 CO
N

D
ITIO

N
S 

AT A
 RU

RA
L D

ISTRIC
T H

O
SPITA

L SETTIN
G

 IN
 KEN

YA
M

ichael Kivw
anga M

w
aniki

 
 

 

Invitation

You are invited to attend the 
public defense of the thesis

BURDEN AND OUTCOME 
OF NEONATAL DISEASES 
AND CONDITIONS AT A 

RURAL DISTRICT HOSPITAL 
SETTING IN KENYA

~

Michael Kivwanga Mwaniki

 
Thursday October 8, 2015

at 10.00 hours

Agnietenkapel
Oudezijds Voorburgwal 231

1012 EZ Amsterdam

Michael Kivwanga Mwaniki
michael.kivkiv@gmail.com

209273-os-Mwaniki.indd   1 19-08-15   12:04





209273-L-bw-Mwaniki209273-L-bw-Mwaniki209273-L-bw-Mwaniki209273-L-bw-Mwaniki

I dedicate this thesis to every neonate born in Africa



209273-L-bw-Mwaniki209273-L-bw-Mwaniki209273-L-bw-Mwaniki209273-L-bw-Mwaniki

Burden and outcome of neonatal diseases and conditions at a rural district hospital setting in Kenya
PhD thesis, University of Amsterdam, The Netherlands

Printing: Ipskamp Drukkers, Enschede, the Netherlands

© Michael K. Mwaniki, 2015

All rights reserved. No part of this thesis may be reproduced, stored in a retrieval system, or transmitted in 
any form or by any means without prior permission from the author.



209273-L-bw-Mwaniki209273-L-bw-Mwaniki209273-L-bw-Mwaniki209273-L-bw-Mwaniki

BURDEN AND OUTCOME OF NEONATAL DISEASES 
AND CONDITIONS AT A RURAL DISTRICT HOSPITAL 

SETTING IN KENYA

ACADEMISCH PROEFSCHRIFT

ter verkrijging van de graad van doctor

aan de Universiteit van Amsterdam

op gezag van de Rector Magnificus

prof. dr. D. C. van den Boom

ten overstaan van een door het College voor Promoties ingestelde commissie, 

in het openbaar te verdedigen in de Agnietenkapel

op donderdag 8 oktober 2015, te 10:00 uur

door 

Michael Kivwanga Mwaniki
geboren te Kitui, Kenia



209273-L-bw-Mwaniki209273-L-bw-Mwaniki209273-L-bw-Mwaniki209273-L-bw-Mwaniki

Promotiecommissie:

Promotor: Prof. dr. M. Boele van Hensbroek Universiteit van Amsterdam

 Prof. dr. C.R.J.C. Newton University of Oxford

  

Copromotores: Prof. dr. P.A. Kager Universiteit van Amsterdam

  

Overige leden: Prof. dr. J. Stam Universiteit van Amsterdam

 Prof. dr. R. de Groot Radboud Universiteit Nijmegen

 Dr. P.F. van Rheenen Rijksuniversiteit Groningen

 Prof. dr. M.J. Schultz Universiteit van Amsterdam

 Prof. dr. A.H.L.C. van Kaam Universiteit van Amsterdam

 Dr. J.B.M. van Woensel Universiteit van Amsterdam

Faculteit der Geneeskunde



209273-L-bw-Mwaniki209273-L-bw-Mwaniki209273-L-bw-Mwaniki209273-L-bw-Mwaniki

Chapter 1 General Introduction 7

Chapter 2 An increase in the burden of neonatal admissions to a rural district hospital in 
Kenya over 19 years.
BMC Public Health 2010;10:591.

21

Chapter 3 Emergency triage assessment for hypoxaemia in neonates and young children in 
a Kenyan hospital: an observational study
Bull World Health Organ 2009;87:263-270.

39

Chapter 4 Clinical indicators of bacterial meningitis among neonates and young infants in 
rural Kenya
Berkley JA.BMC Infect Dis 2011;11:301.

63

Chapter 5 Invasive Bacterial Infections in Neonates and Young Infants Born Outside Hospital 
Admitted to a Rural Hospital in Kenya
Pediatr Infect Dis J. 2010;29:945-949.

81

Chapter 6 Invasive Bacterial Infections among neonates born in a rural district hospital in 
Kenya
Submitted.

95

Chapter 7 Maternal and early onset neonatal bacterial sepsis: burden and strategies for 
prevention in sub-Saharan Africa: Anna C Seale
Lancet Infect Dis. 2009;9:428-38.

109

Chapter 8 Congenital and neonatal malaria in a rural Kenyan district hospital: an eight-year 
analysis
Malar J 2010;9:313.

131

Chapter 9 Neonatal seizures in a rural Kenyan District Hospital: aetiology, Incidence and 
outcome of hospitalization
BMC Medicine 2010, 8:16

143

Chapter 10 Long-term neurodevelopmental outcomes after intrauterine and neonatal 
insults: a systematic review
Lancet 2012;379:445-452. Epub 2012 Jan 13.

157

Chapter 11 Discussion 183

Addendum Nederlandse samenvatting
Acknowledgement 
List of Publications
Curriculum Vitae 
Study protocol

204
206
207
208
209

CONTENTS



209273-L-bw-Mwaniki209273-L-bw-Mwaniki209273-L-bw-Mwaniki209273-L-bw-Mwaniki



209273-L-bw-Mwaniki209273-L-bw-Mwaniki209273-L-bw-Mwaniki209273-L-bw-Mwaniki

BURDEN AND OUTCOME OF NEONATAL 
DISEASES AND CONDITIONS AT A RURAL 
DISTRICT HOSPITAL SETTING IN KENYA

CHAPTER 1
General Introduction



209273-L-bw-Mwaniki209273-L-bw-Mwaniki209273-L-bw-Mwaniki209273-L-bw-Mwaniki

CHAPTER 1 | GEnERAl InTRoduCTIon

8

Background

Concerted efforts have led to some decline in overall mortality of children under the age of five years over 
the last decade.1 Some of the key strategies that have received consistent global funding and attention in-
clude increasing and sustaining immunization coverage, introduction of new vaccines for invasive bacterial 
diseases (haemophilus and pneumococcal infections),and strategies aimed at prevention and development 
of effective treatment for falciparum malaria.2,3,4 However, most of these strategies have targeted mostly 
children after the neonatal period. Therefore, there has been relatively little change in neonatal mortali-
ty. Overall, nearly 140 million babies are born every year with 3.6 million neonatal deaths and 2.6 million 
stillbirths. 5,6 Currently neonatal mortality comprises more than 40% of all deaths under the age of 5 years.7 
Over 90% of all these deaths occur in low-income countries (LICS), the highest rate being in sub-Saharan 
Africa.5,8,9 Largely because of the stagnation in reducing neonatal mortality, it is evident that with just one 
year to go before 2015, the millennium development goal 4 (child survival) will not be realized and most of 
the indicators are either off track or have registered insufficient progress (Table 1).1,10 Importantly, recent 
reports indicate that countries with high childhood mortality especially in sub-Saharan Africa have made the 
least progress.10,11 Paradoxically, the low level of contraceptive use resulting in high fertility rates prevailing in 
many LICS have actually translated to an increase in the absolute number of childhood deaths further erod-
ing the weak gains.11

Table 1: Progress of selected indicators across the different World Health Organization regions

Neonatal Morbidity and mortality trends and indicators of inpatient neonatal mortality

It is evident that most of the world’s neonatal deaths occur in remote rural homes in sub-Saharan Africa and 
Asia.8,12 Most of these deaths are in the first 24 hours, and consequently have no name or a birth certificate.
8Furthermore, weak health infrastructures and civil registration systems keep the high burden of neonatal 
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deaths in such countries invisible at many levels, hence the political will to invest and scale up high impact 
interventions known to reduce neonatal mortality maybe lacking in the worst affected regions.8,9 Importantly, 
and despite the high neonatal morbidity and mortality, the main global focus has been on studies of infant 
and under five mortality rates.2,13 Overall, there are concerns that neonatal morbidity and mortality rates 
have not been measured long enough to give precise estimates on trends.14 Furthermore, paucity of this in-
formation is more acute in LICS which, paradoxically, have the highest neonatal morbidity and mortality bur-
den.8 Such information is critical in exposing and comprehending the neonatal morbidity and mortality bur-
den, and in exploring and planning the necessary public health interventions to improve neonatal outcomes.

It is also worth noting that most ill neonates are managed in rural health facilities. Health personnel with 
minimal clinical training staff such facilities.15 Simple guidelines to enable such frontline health workers rec-
ognize and quickly triage neonates with life threatening illness requiring urgent medical attention and even 
referral are thus critical. Current guidelines in use are largely based on the WHO young infant study of the 
early 1990’s.16 This study did not include neonates in the first week of life, where most of the neonatal deaths 
occur. There is therefore a critical need for studies to identify simple clinical signs that are predictive of inpa-
tient neonatal mortality and can be adopted for triage of neonates admitted to rural health facilities.

Emergency Triage Assessment for Hypoxemia in Neonates and Young Children

Hypoxemia represents a final common pathway for most of the leading causes of neonatal morbidity and 
mortality. Furthermore, Hypoxemia is thought to correlate with mortality, and early assessment and prompt 
oxygen therapy probably improve survival.17 Overall, although delays in utilization of the formal health care 
system are thought to be responsible for a large proportion of neonatal and early childhood mortality and 
morbidity9; poor quality of care, especially delays in recognizing new-borns requiring emergency treatment, 
coupled with further delays instituting the appropriate emergency care such as oxygenation and ventilatory 
support may account for a similar proportion.9 This is not surprising given that most health facilities in re-
source-poor nations are under staffed and, furthermore, the personnel mostly have minimal medical train-
ing.18,15,19 Given this scenario, formulation of guidelines for triage, diagnosis and management of neonates 
and young children with hypoxemia that can be readily applied in rural health facility settings is a key pillar in 
rolling back neonatal morbidity and mortality.

Worldwide, there are more than three million new born deaths annually from a range of underlying pathol-
ogies, including invasive bacterial infections, prematurity, hypoxic-ischemic encephalopathy and a host of 
congenital conditions which accounts for nearly 80% of all neonatal deaths.5 Despite the fact that hypoxemia 
represents a final common pathway for many of these conditions, most of the guidelines for triage and as-
sessment are largely informed by either “expert” opinion or studies conducted almost entirely among older 
children with lower respiratory tract infection.20,21,22 Furthermore very little prospective validation has been 
performed.

Maternal and Early Onset Neonatal Sepsis

Overall, the burden of neonatal morbidity and mortality due to infections is high.5,7,23 Several factors including 
pre-existing vulnerability, the type of the organisms and the inflammatory responses determine the nature 
and extend of multi-organ damage with varying outcomes from total recovery to death or long-term impair-
ments. Notably, a sizeable proportion of neonatal infections occurs very early; within the first week of life 
(early-onset sepsis).24,25 Furthermore, a significant proportion of early onset sepsis occurs within 48 hours 
of birth with devastating outcomes.26,27,28,29 To a large extent, early-onset sepsis reflects vertically acquired 
infections.27,28,29 The etiology and preventive strategies may thus differ from late-onset neonatal sepsis.27,28,29 
Therefore, understanding the causative organisms, incidence and prevalence of maternal and early-onset 
sepsis as a unique continuum is vital in designing and implementing preventive strategies aimed at reducing 
the burden of morbidity and mortality attributable to infections among new born in developing countries. 
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Etiology of Invasive Bacterial Infections and Antimicrobial Resistance

Neonatal sepsis, and in particular, invasive bacterial infections (IBI), is thought to cause nearly a quarter of 
neonatal deaths.8 However, given the rudimentary laboratory services in sub-Saharan Africa and other set-
tings of high neonatal morbidity and mortality, the figures are imprecise and likely to be under-estimates.30,31 
Importantly, IBI in neonates may also be responsible for a significant proportion of long-term neurological 
and developmental outcomes.32,33

Causative organisms

In developed countries continuous monitoring ensures that current data on the organisms responsible for 
neonatal sepsis are available.34 Most hospital institutions in resource-endowed regions may further have 
the laboratory diagnostic capabilities to be able to develop local institution-specific epidemiologic profiles.34 
However this is not true in the sub-Saharan African region. Two key factors may be responsible for this sce-
nario: First, a significant proportion of neonatal deaths still occur in rural homes before any contact with the 
formal healthcare systems.8 Information on the causes of deaths, through tools like verbal autopsy, suggests 
that sepsis may be one of the leading causes.35 However, knowledge of the actual offending organisms is 
scanty due to the limitations of such instruments.35 Second, even for the neonates who make it to formal 
healthcare systems, most are attended to in small rural health facilities without any laboratory capabili-
ties.30,31 It is therefore nearly impossible to identify the causative organisms. 

To date, the World Health Organization (WHO) Young Infant Study, carried out in 1990-1993 in 4 countries 
(Papua New Guinea, Philippines, The Gambia and Ethiopia) remains the only major study focused on iden-
tifying the organisms responsible for neonatal sepsis in low income settings. This study documented a pre-
ponderance of gram-positive organisms.16 However, apart from this information being decades old, the study 
had very few participants in the first week of life. This is a major drawback given that more than half of all 
neonatal deaths may be within the first few days of life. Overall, there is need for more data describing the 
actual organisms responsible for neonatal sepsis to guide the development or inform the revision of existing 
empirical treatment regimens. This information is even more critical given that empirical treatment for sepsis 
in sub-Saharan Africa is the norm rather than the exception due to the rudimentary laboratory diagnostic 
infrastructure in the region.30,31

Setting (infections among community-born versus hospital-born neonates)

The setting is likely to influence the etiology of neonatal sepsis and the prevalence of sepsis. Over the last 
few decades, there have been concerted efforts to increase the uptake of hospital deliveries in many re-
source-poor nations, with some success.36 It is possible that organisms causing infections among cohorts 
of babies born in hospitals may differ from those born at home. Several factors may be responsible for this 
differing etiology. First, the home environment and any unhygienic practices around deliveries may lead to 
a higher prevalence of infections in general.37 Practices such as the application of cow dung to the cord, the 
use of unsafe water including in pre-lacteal feeds, and others may lead to a differing spectrum of infecting 
organisms including aquatic organisms.38,37 On the other hand, hospital deliveries may be associated with 
increase in use of pre- and intra-labour antibiotics, increasing the likelihood of resistant species.39 Second, 
the chances of the neonates been afflicted by any circulating species of hospital acquired infections at point 
of delivery may be high. Overall therefore, setting-specific data (hospital or community) are required in order 
to more accurately inform treatment guidelines.

Antibiotic resistance

For many decades, ampicillin/penicillin and gentamicin combinations have remained the first line antimicro-
bials for use in presumptive treatment of suspected sepsis in many developing countries.40 Despite this, there 
is very little information to inform on changing sensitivity or resistance patterns. Overall, understanding the 
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etiology and evolving resistance to common antimicrobials in use is pivotal in evaluating appropriate empir-
ical therapy for neonatal sepsis in the sub-Saharan African region.

Diagnosis of Neonatal and Young Infant Bacterial Meningitis

Staff with minimal clinical training (nurses and or middle level non-physician clinicians) attend to most ill 
neonates presenting for care within the formal health systems in sub-Saharan Africa.41 This situation is com-
pounded by the lack of reliable laboratory infrastructure to aid in diagnosis.30,31 To aid the management of 
neonates and other children presenting in such settings, simple clinical diagnostic criterion for identifying 
“severely ill” children including those with possible invasive bacterial infections have been developed.42

However, a major drawback is that most clinical diagnostic criteria developed for use in low income countries 
tend to lump together three different spectrums of IBI (sepsis, pneumonia & meningitis) as simply severe or 
very severe illness.43 Although this may suffice for most cases, meningitis is uniquely difficult to diagnose in 
the neonatal period because in many instances the presentation is non-specific.44 Furthermore, meningitis 
may be several times more common among neonates presenting for care in low income regions such as 
sub-Saharan African compared to developed countries.45 Therefore, distinct criteria to help in the diagno-
sis of neonatal and young infant meningitis are essential. Importantly meningitis is associated with higher 
mortalityand risk of long-term neuro-developmental morbidity even when properly diagnosed and treated 
compared to sepsis or pneumonia.44 It is therefore evident that neuro-developmental impairments may be 
much higher in cases of a missed diagnosis or partial/inadequate duration of treatment when neonates or 
young infants with meningitis are managed just as cases of ‘sepsis’.44

Congenital and Neonatal Malaria

Malaria is endemic in many developing countries in sub-Saharan Africa.46,47 The devastating effects of malaria 
infections during pregnancy including spontaneous abortions, stillbirths and intrauterine growth retardation 
have been well documented.48,49 However the direct burden and effect of congenital and neonatal malaria 
remain unclear. Studies published so far have mostly examined a limited sample of neonates and also have 
documented differing and sometimes contradictory information on the burden of congenital and neonatal 
malaria.50,51,52 Studies in the west Africa have reported an extremely high prevalence of parasitaemia among 
neonates (15-30%),53,54 but other studies in the same region and data from elsewhere suggest that this may 
not be the case.51,55 The marked differences in the prevalence of congenital and neonatal parasitaemia are 
difficult to explain. Plausible explanations include real epidemiological differences as well as operational 
factors. Operational factors are likely to contribute to most of the observed differences. Malaria blood slides 
prepared and read in routine clinical services have been shown to have very poor positive predictive value 
when compared to expert microscopy.56,57 Furthermore many of these studies fail to distinguish between the 
presence of parasitaemia and congenital and neonatal malaria as a clinical disease entity. This is essential giv-
en that most cases of low parasitaemia have been shown to clear spontaneously without any treatment.51,58 
There is therefore a need for a large study in a malaria endemic region to systematically address the issue of 
congenital and neonatal malaria.

Etiology, Incidence and Hospitalization Outcome of Neonatal Seizures

Seizures occupy a unique position during the neonatal period. Apart from the fact that seizures are common 
during this period, and may result from varying causes,59 they are also common manifestations of neurologi-
cal conditions or insults.60 Importantly, seizures may aggravate the initial insult leading to a poorer outcome. 

The prevailing rates of neonatal morbidity suggest that the prevalence of neonatal seizures could be high in 
sub-Saharan Africa.61,62,63 However there is a paucity of published studies that have examined the causes of 
neonatal seizures, their prevalence and treatment outcomes in low-income countries. Given that seizures in 
the neonate may be associated with higher inpatient death and prolonged inpatient stay in the short term 
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or increased risk of long-term neuro-disability, recognition and prompt management of seizures is critical. 
Furthermore, understanding the underlying etiology is vital to instituting the appropriate preventive man-
agement.

Long-Term Outcome of Intrauterine and Neonatal Insults

With over three million neonatal deaths annually, it is understandable that global effort has largely focused 
on reducing neonatal mortality.5,6,8 Most of this mortality results from sepsis, premature births and hypox-
ic-ischaemic encephalopathy.5,6,8 However, these diseases and conditions may also cause permanent damage 
to the central nervous systems resulting in long-term disability among those who survive. Such impairments 
are a major burden socio-economically, especially in LICS where post-discharge follow-up and rehabilitation 
systems are non-existent or at best rudimentary. Overall, therefore, very little is known about the severity 
and distribution of such impairments. Although it may be relatively easier to get and analyse this information 
in developed countries, this is yet to be done using a large systematic review study. However, in LICS, it may 
be extremely difficult to document outcome post discharge. Overall, given that such impairments are likely to 
contribute to premature mortality, failing to capture this information means that estimates from the global 
burden of disease in terms of disability adjusted life years (DALYs) remains grossly imprecise especially for 
the developing regions. On the other hand, more funding needs to be spend towards strategies to amelio-
rate the long-term effects of intrauterine and neonatal insults not just preventing neonatal mortality. Specific 
areas that need to be addressed include the role of adjuvant therapies in improving long-term outcomes for 
sepsis, meningitis, neonatal jaundice, hypoxic-ischemic encephalopathy and prematurity among others.64,65,66 
Therefore quantifying the contribution of these insults in terms of long-term impairments and contributions 
to the global DALYs is needed to form a factual basis not only for increasing funding towards preventing neo-
natal mortality but also increasing global efforts and funding towards researching on effective strategies for 
preventing long-term disability from intrauterine and neonatal insults. 

Research Questions

More than forty percent of childhood mortality in low-income regions such as sub-Saharan Africa may occur 
during the neonatal and young infant period.7,8 Most of this mortality is attributable to the triad of prematuri-
ty, sepsis, and hypoxic-ischemic encephalopathy.7,8 Although the common causes of morbidity and mortality 
among neonates and young infants in sub-Saharan Africa are known, there is paucity of knowledge in many 
important areas that are required to effectively manage neonates presenting for care in health facilities in 
sub-Saharan African regions and other low-income settings. This includes: 

i. Availability of simple evidence based clinical diagnostic criteria for sepsis, including   
 meningitis;

ii. Identification of hypoxemia which is a critical common pathway for most of the causes of  
 neonatal morbidity and mortality;

iii. Understanding the spectrum of organisms causing sepsis and resistance to common   
 antibiotics; and 

iv. Long-term outlook of survivors of neonatal insults. 

Furthermore, it is also vital to understand the contribution of neonatal diseases and conditions to inpatient 
burden in rural settings in order to plan for the required resource investments. 

This thesis therefore addresses the following research questions:

1) What is the burden of neonatal morbidity and mortality in a rural district setting in sub-Saharan  
 Africa and has it changed over time? (chapter 2).
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2) Can simple clinical signs be used to identify and triage ill neonates and young infants? This includes:

i. Can clinical signs be used to identify ill neonates at risk of inpatient death? (chapter 2);

ii. What is the prevalence of hypoxemia among neonates and young infant and can clinical signs  
 be used to identify hypoxemic neonates? (Chapter 3);

iii. Can clinical signs be used to identify neonates with meningitis? (Chapter 4);

3)  What is the etiology of infections among neonates presenting for care in a rural district setting in a 
 low-income country in sub Saharan Africa? This includes:

i. Etiology of Invasive bacterial infections, spectrum of infective bacterial organism among  
 community versus hospital born neonates and resistance to commonly used antibiotics for  
 empiric treatment of sepsis in neonates (Chapters 5 and 6);

ii. Maternal sepsis and early onset neonatal sepsis and avenue for prevention (Chapter 7);

iii. Burden of congenital and neonatal malaria (Chapter 8).

4)  What is the incidence, etiology and hospitalization outcome of neonates withseizures in a rural 
 district setting? (chapter 9);

5)  What is the long-term outcome of survivors of intrauterine and neonatal insults? (chapter 10).

Studies Conducted and Setting

Studies 

To address the above research questions, we undertook nine studies between the years 2005 and 2012 at 
a rural district setting in Kilifi, Kenya and conducted two systematic reviews, all under an overall research 
protocol entitled ‘Burden and outcome of Neonatal conditions admitted to Kilifi District Hospital’ (Annex 1). 
Burden of neonatal morbidity and mortality.

To address this issue, we examined data on neonates, under five year old paediatric admissions, and hospital 
deliveries collected over a period of close to two decades from 1990 through to 2009 in a rural district hos-
pital. These long-term data clearly showed the changing trends in the leading causes of neonatal admissions 
and the changing magnitude of neonatal disease burden as a proportion of all childhood hospital admissions. 
This study provided a strong basis for the other studies in this thesis.

Clinical signs for emergency triage of admitted neonates and diagnosis of neonatal and 
young infant meningitis 

Rapidly identifying ill neonates at risk of death is critical to reduction of neonatal mortality.9 Three points 
of delay that negatively affect neonatal wellbeing in low-income settings were identified.9 Two of these are 
largely in the community or home setting and include delay in recognizing an ill new born requiring medical 
attention and delay in presenting for care even after it is clear that the new born requires medical care. How-
ever, it is equally recognized that considerable delay in diagnosing and instituting appropriate management 
also occur at the points of care leading to even poorer outcomes. To address this critical issue we conducted 
three studies to determine:

i. Clinical signs that can rapidly identify neonates at risk of death at admission for rapid triage  
 and management;

ii. Neonates and young infants likely to have hypoxemia at admission requiring immediate  
 oxygenation;
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iii. Neonates likely to have meningitis.

The findings from these studies are pivotal to updating existing clinical diagnosis and management algo-
rithms for neonates admitted to rural health facilities.

Etiology of infections among neonates presenting for care.
Given that infections are responsible for sizeable proportions of neonatal morbidity and mortality, regularly 
understanding the causative organisms is important to formulating management regimens. Of note is that 
most rural health facilities lack basic laboratory diagnostic capabilities and rely largely on empiric treatment 
regimens. Therefore, continuously monitoring for resistance to common antibiotics and updating existing 
management protocols is required. We conducted four studies to be able to address the following:

i. Etiology of invasive bacterial infections among community born neonates and respective  
 antibiotic resistance trends;

ii. Etiology of invasive bacterial infections among hospital born neonates and respective anti- 
 biotic resistance trends;

iii. Congenital and neonatal malaria as an important clinical issue among neonates living in a  
 malaria-endemic area;

iv. The burden of maternal and early onset sepsis in sub- Saharan Africa (systematic review).

Etiology and hospitalization outcome of neonates with seizures.
Neonates have some of the highest incidences of seizures. Furthermore, many seizures in neonates are not 
recognized given the high preponderance of subtle seizures during this period. It is likely seizures are com-
mon among neonates admitted in rural hospitals in sub-Saharan African region. However, the true burden 
and outcome of neonates with seizures is hardly documented. To address this important issue, a study to 
examine the causes, incidence and outcomes of neonates admitted with seizures was undertaken. 

Long-term outcome of intrauterine and neonatal insults
Many several ill neonates survive the initial insult, but a sizeable proportion of the survivors may be left with 
long-term impairments. Understanding the overall magnitude of impairments and insult-specific level of im-
pairments is critical for designing preventive strategies and post-insult rehabilitation planning. Globally there 
is a paucity of concise information on long-term impairments following intrauterine and neonatal insults. We 
therefore conducted a systematic review to elucidate this issue. 

Setting 

Kilifi District

This is a remote rural coastal district in Kilifi county; Kenya. The district comprises of seven administrative di-
visions (Kaloleni, Bahari, Chonyi, Kikambala, Ganze, Vitengeni and Bamba) with a combined total population 
of close to 600,000.67 The district is one of the poorest in the country. More than 60% of the population is 
classified as food poor.67 

The crude birth rate is estimated at about 49.2/1000 with an infant mortality rate of 85per 1,000.67 Maternal 
mortality ratio is also high at 414/100,000 live births. Close to 60% of the deliveries occur at home assisted 
by relatives or traditional birth attendants.67 Malaria is endemic in the region with the entomological inocu-
lation rate between 0 and 120 infected bites per year, and the Plasmodium falciparum parasite prevalence 
in children aged 2-10 years ranging from 1.3-25.9.68 HIV prevalence is estimated at about 6-10%. There are 
43 government health facilities in the district. Of these, 40 are small dispensaries and health centres staffed 
by approximately one to four nurses and with no inpatient management capabilities. There are two sub-dis-
trict hospitals with limited inpatient capabilities and one main district hospital with 172-bed capacity (Kilifi 
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District Hospital). The doctor to patient ratio in the district is about 1:100,000.67. Due to this, medical care 
in the district is mostly offered by nurses or non-physician clinicians who, in Kenya, receive up to three years 
of basic medical training.41 Majority of the inhabitants have difficulty in accessing health care facilities due 
to distance. Out of pocket payment for healthcare services (cost sharing) may also be a financial barrier to 
access of health services. 

Kilifi Demographic Surveillance Area (DSS)

The Kenya Medical Research Institute (KEMRI) Centre for Geographic Medicine research is located within the 
main hospital (Kilifi County Hospital) in Kilifi district. This centre has developed a prospective and continuous 
in patient surveillance system aimed at describing the causes and features of common illnesses in a rural 
resource poor district hospital setting since the 1990s (Kilifi Epidemiology and Demographic Surveillance 
System (EPI-DSS)). This is a system whereby a resident population of over 240,000 living within a catchment 
area of 891 km2 is continuously monitored and vital events updated every four to six months. The entire area 
was mapped using global positioning system (GPS), and both mapping and population data are linked on-line 
to the district hospital admission data. 

Patients described in the thesis attended Kilifi District Hospital and came from the hospital’s catchment area 
within the DSS (Figure 1).69

In summary, the study setting linked to an active EPI-DSS provided a strong epidemiological platform to con-
duct the said studies. In addition, it also offered opportunity for long-term surveillance of hospital admissions 
to describe trends in admission burdens effectively. Furthermore, availability of adequate laboratory capacity 
enabled detailed microbiological analysis to determine etiology of infections and antimicrobials resistant pat-
terns. Overall, all these factors enabled us effectively address the outlined research questions.

Figure 1: Kilifi Demographic Surveillance study (DSS) area

A map of the study area (marked DSS) in Kilifi District, Kenya
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Abstract

Background

Most of the global neonatal deaths occur in developing nations, mostly in rural homes. Many of the new-
borns who receive formal medical care are treated in rural district hospitals and other peripheral health 
centres. However there are no published studies demonstrating trends in neonatal admissions and outcome 
in rural health care facilities in resource poor regions. Such information is critical in planning public health 
interventions. In this study we therefore aimed at describing the pattern of neonatal admissions to a Kenyan 
rural district hospital and their outcome over a 19-year period, examining clinical indicators of inpatient ne-
onatal mortality and also trends in utilization of a rural hospital for deliveries.

Methods

Prospectively collected data on neonates is compared to non-neonatal paediatric (≤5 years old)admissions 
and deliveries’ in the maternity unit at Kilifi District Hospital from January 1st 1990 up to December 31st 2008, 
to document the pattern of neonatal admissions, deliveries and changes in inpatient deaths. Trends were 
examined using time series models with likelihood ratios utilized to identify indicators of inpatient neonatal 
death.

Results

The proportion of neonatal admissions of the total paediatric ≤5 years admissions significantly increased from 
11% in 1990 to 20% by 2008 (trend 0.83 (95% confidence interval 0.45-1.21). Most of the increase in burden 
was from neonates born in hospital and very young neonates aged <7days. Hospital deliveries also increased 
significantly. Clinical diagnoses of neonatal sepsis, prematurity, neonatal jaundice, neonatal encephalopathy, 
tetanus and neonatal meningitis accounted for over 75% of the inpatient neonatal admissions. Inpatient case 
fatality for all ≤5 years declined significantly over the 19 years. However, neonatal deaths comprised 33% of 
all inpatient death among children aged ≤5 years in 1990, this increased to 55% by 2008. Tetanus 256/390 
(67%), prematurity 554/1,280 (43%) and neonatal encephalopathy 253/778(33%) had the highest case fa-
tality. A combination of six indicators: irregular respiration, oxygen saturation of <90%, pallor, neck stiffness, 
weight <1.5 kg, and abnormally elevated blood glucose >7mmol/l predicted inpatient neonatal death with a 
sensitivity of 81% and a specificity of 68%.

Conclusions

There is clear evidence of increasing burden in neonatal admissions at a rural district hospital in contrast to 
reducing numbers of non-neonatal paediatrics’ admissions aged ≤5years. Though the inpatient case fatality 
for all admissions aged ≤5 years declined 

significantly, neonates now comprise close to 60% of all inpatient deaths. Simple indicators may identify ne-
onates at risk of death.

Abstract word count: 409
Manuscript word count: 4,679
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Background

Each year close to four million newborns die world-wide.1,2 Over 98% of these deaths occur in developing 
nations with the highest rates in Africa.3 Many more newborns who survive have brain insults, resulting in se-
vere disabilities such as convulsive disorders, cerebral palsy and cognitive impairments, thus adding further 
burden to healthcare, social systems and the home environment.4-7

Over the last two decades sustained resources and effort have been put into prevention and reduction of 
morbidity and mortality of children aged ≤5years. Some of the key areas that have received widespread at-
tention include increasing and sustaining immunization coverage, introduction of new vaccines for invasive 
bacterial diseases (haemophilus and pneumococcal infections)and strategies aimed at prevention and devel-
opment of effective treatment for falciparum malaria.8-11 These interventions have largely benefited the old-
er child (2 to 60 months) and it is thought mortality in this group may have halved in some areas,1 particularly 
with the reduction of certain diseases such as malaria and pneumonia.10-13

Contrary to the encouraging trend in the older child, neonatal morbidity and mortality remains unacceptably 
high,1-3 with nearly 40% of the annual global deaths in children aged ≤5years occurring during the neonatal 
period.14 This presents a major obstacle in achieving the aspirations of the fourth millennium development 
goal of reducing under five mortality by two thirds by the year 2015 in most of the resource poor nations.15 
Paradoxically, despite the fact that these countries have the highest rates of neonatal deaths, there are no 
published studies demonstrating trends in neonatal admissions and outcome in rural health care facilities 
in resource poor regions. This issue was highlighted by the World Health Organization (WHO) concerns that 
neonatal morbidity and mortality rates have largely not been measured long enough to reach reliable con-
clusions on trends.14 Such information is critical in planning public health interventions. Importantly, the 
ability to recognize neonates with potentially life-threatening illness warranting urgent medical attention at 
presentations to rural health facilities is thought to be critical in reducing mortality.3 However, current guide-
lines to recognize such neonates are largely based on data from the WHO young infant study of the early 
1990’s16-18. A major limitation of this study is that it did not include the first week of life, where most of the 
neonatal deaths occur. 

Therefore, given the paucity of information outlined, we describe trend in neonatal admissions and outcome 
to a District General Hospital in a Kenyan rural area over a 19-year period, and further examine indicators of 
inpatient neonatal deaths.

Methods

Site

This study was done at Kilifi District Hospital (KDH) on the coast of Kenya. The hospital is located in a malaria 
endemic area and serves a population of over 500,000 people,19 but 80% of the admissions come from an 
area with 260,000 inhabitants. The hospital has a 40-bed general all-purpose paediatric ward with designated 
areas for nursing various disorders such us acute conditions, paediatric surgery, burns, diarrhoeal diseases, 
malnutrition and neonatal conditions. In addition the hospital has a 40-bed maternity facility. Newborns de-
livered with complications or who fall ill post-delivery are transferred to the neonatal bay. Likewise neonates 
born at home and brought to the hospital if ill are admitted in the neonatal bay if thought to be severely 
unwell. A high dependency unit (6 beds) exists where very severely sick children are managed. Available in-
terventions in the general paediatric ward and the high dependency unit include oxygen, intravenous fluids, 
antibiotics, phototherapy, exchange transfusion, and nasogastric tube feeding, but not parenteral nutrition, 
mechanical ventilation or umbilical arterial catheterization. Though the hospital is a district level health facil-
ity, very few cases are referred (mainly complex surgical cases) to the provincial hospital. Consent for use of 
the data was obtained from the guardian of every individual child at point of admission, and the study was 
approved by Kenyan National Scientific and Ethical Review Board.
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Data collection

Paediatric data

At KDH, a prospective surveillance system of all paediatric admissions has been in place since 1989. Based 
on this system, several studies on malaria, lower respiratory tract infections, malnutrition and neonatal con-
ditions, amongst others, have been published.20-22 On admission and at discharge or death, standardized 
clinical andlaboratory data are collected. For this study we examined all the admission data collected from 
January 1st 1990 to December 31st 2008. Where specific data were not collected during the entire period, we 
examined these data from the time such information was available, and used the admissions during this peri-
od as the denominator. Trend analysis, was done on data that were available for at least 5 consecutive years.

Maternity delivery data

In contrast to the paediatric ward, the hospital maternity ward record keeping was not computerized. All 
deliveries are recorded manually in the maternity inpatient record book supplied by the Kenyan Ministry of 
Health, from which we extracted the data for the study period.

Study population

We utilized data collected from all neonates (age ≤28 days at admission)23 and non-neonatal paediatric ad-
missions aged ≤5 years admitted to the hospital during the study period. Sick neonates admitted to the 
hospital after delivery at home were considered as outborn. Those delivered either in the district hospital or 
any other health facility and referred to the ward in case of ill-health were considered to be hospital births 
or inborn. Data extracted included: i) Age and place of birth; ii) Clinical Presentation and examination find-
ings: complaints: fever, cough, convulsion, diarrhoea, vomiting, jaundice, hypoxemia, respiratory distress, 
impaired consciousness, agitation, bulging fontanel and impaired perfusion; iii) Clinical diagnostic syndrome: 
admission discharge diagnoses recorded as: birth asphyxia, prematurity, neonatal sepsis, meningitis, neo-
natal jaundice and neonatal tetanus; iv) Laboratory investigations: culture results, full blood count, blood 
glucose; v) Outcome at discharge: dead or alive.

Formulation of clinical diagnoses

Routinely, all paediatric admissions to our centre are reviewed at admission, and then at least daily till dis-
charge or death by clinicians under close supervision of a consultant paediatrician. Diagnoses of neona-
tal sepsis, neonatal encephalopathy, prematurity, meningitis, neonatal tetanus and neonatal jaundice were 
made after review of admission history, inpatient management notes and laboratory investigations at point 
of discharge. These diagnoses follow recognized guidelines for management of common illness with limited 
resources.24 A diagnosis of invasive bacterial disease (IBD) was made on isolation of a pathogenic organism 
from sterile sites (blood or cerebrospinal fluid). Blood cultures were done on all neonates admitted from 
1998. We therefore looked at trend in positive cultures from that date onward. Sepsis was also considered 
as the possible diagnosis in any newborn presenting with abnormal temperature (<36.0°C or >37.5°C), multi-
ple skin pustules, redness or pus discharge from the umbilicus, respiratory distress, convulsions and feeding 
problems. A diagnosis of neonatal jaundice was made when total serum bilirubin levels (as measured by the 
Neobil, Schuco International, Lyndhurst Avenue London) were elevated above the threshold requiring pho-
totherapy for the age, gestation and presenting clinical signs of the newborn.25 Neonatal tetanus was consid-
ered in any newborn presenting with trismus or spasms occurring on stimulation or spontaneously, with or 
without feeding difficulties. Prematurity was considered in any neonate born before 37 completed weeks of 
gestation if the last monthly period was known. However where this was not known, the gestation at delivery 
was estimated by the admitting clinician using a simplified criteria that took into account; the head circumfer-
ence, mid-upper arm circumference, breast size, ear form, gentalia, and skin texture.26 Due to limitations of 
monitoring of labour in most deliveries at home and even in hospitals in resource poor settings, diagnosis of 
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neonatal encephalopathy largely relies on history and clinical examination. Therefore, a diagnosis of neonatal 
encephalopathy was considered in any newborn where a difficult delivery was reported with accompanying 
history and signs of a poor cry, convulsions, coma, irritability and abnormal muscle tone.

Statistical considerations

Data were entered at admission and discharge using a FileMaker Pro database (5.5v1 Developer, FileMaker 
Inc, USA). We used Stata 9.2 (StatsCorp, Tx, USA) for the final analysis. Total cases of neonatal admissions 
and neonatal admissions by final clinical diagnosis were assembled chronologically by admission year and 
total non-neonatal admissions similarly assessed. They were initially examined using time series regression 
analysis models. A continuous variable indicating time in years from the start of observations was included in 
the models. The coefficient of time in the models estimates the trend in the series (the year-to-year change). 
A P-value<0.05 was considered significant. Likewise, we evaluated the trend in the proportions of neonatal 
admissions to total paediatric admissions and also examined the trend in annual maternity deliveries at the 
hospital. Initially we analyzed the overall neonatal admission trend for the entire 19-year period. However, 
from the year 2000, information about the place of delivery of all newborn admissions was systematically 
collected. Therefore we further analyzed the two periods (1990 to1999) and (2000 to 2008) separately.

Several assumptions are used in ordinary least square analysis.27 These assumptions are almost always vio-
lated by longitudinal data.28,29 We therefore used a Durbin-Watson statistic to test for serial auto correlation 
hat showed there were minimal (non-significant) serial autocorrelations in the raw neonatal and non-neona-
tal datasets (Durbin’s alternative test for autocorrelation P=0.29 & 0.15, respectively). To further correct for 
any autocorrelation and possible heteroscedasticity, the Prais-Winston command specifying the Cochran-Or-
cuttsse search option was used in the regression models. Differences in proportions were examined using �2 
test.

In order to delineate factors associated with inpatient neonatal death, likelihood ratios (LR) were used. LR are 
less likely to change with prevalence of a disorder than sensitivity and specificity and may be used to combine 
results from multiple tests.30 For this purpose, data from 2000 to 2008 were used because all the variables 
of interest were available from that period. Initially we examined the crude positive (PLR) and negative (NLR)
likelihood ratios for neonatal death of each clinical indicator. Indicators with crude likelihood ratios ≥2.0 or 
≤0.5 were considered potentially independent. These were then adjusted for the confounding effects of 
other variables in multivariate analyses using the method of Speigelhalter and Knill-Jones.31 Thirdly practical 
prediction rules for inpatient neonatal deaths using indicators with adjusted likelihood ratios of ≥2.0 or ≤0.5 
in multivariate analysis were constructed. Finally, we evaluated the ability of the final rules to predict inpa-
tient neonatal death with a receiver operating curve (ROC). We have previously described this approach32,33.

Results

There was a marked increase in the burden of neonatal admissions (Figure 1), with the total annual number 
of neonatal admissions significantly increasing by 211% from 240 cases in 1990 to 759 cases in 2008 (trend 
34.68 (95% CI 25.60-37.76, t-stats 11.05, p < 0.001)). The proportion of neonatal admissions to total paedi-
atrics admissions aged ≤5years increased from 11% in 1990 to 20% by 2008. This was significant (trend 0.83 
(95% CI 0.45-1.2, t-stats 4.63, p < 0.001) and remained significant even after correcting for annual population 
growth at 3% per annum (trend 0.08 (95% CI 0.02-0.14, t-stats 2.79, p = 0.01). The median age of the neo-
nates at admission decreased significantly from 7 days (IQR 11,3; 14 days) in 1990 to 3 days (IQR 10, 0; 10 
days) by 2008 (trend -0.212 (95% Confidence interval (CI) -0.267-0.156), t-stats 8.01, p < 0.001)). Overall very 
young neonates (< 7 days old) comprised 5400 (62%) of the total neonatal admissions. Neonates aged <7days 
increased from just 119 cases in 1990 to 577 cases by 2008, an increment of 385%, whilst the remainder of 
neonatal admissions registered an increment of only 40% over the same period. 

The clinical diagnoses of neonatal sepsis, prematurity, neonatal jaundice, neonatal encephalopathy, teta-
nus and neonatal meningitis comprised over 75% of the inpatient neonatal admissions. Over the first 10 
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years (1990-1999), the number of admissions with neonatal sepsis, neonatal encephalopathy and neonatal 
jaundice increased significantly. However the proportion of total under five admissions that were neonatal 
remained unchanged (tstats 1.92, p = 0.10). In the second epoch (2000-2008), the number of neonates with 
diagnoses of neonatal jaundice and neonatal tetanus showed a slight decrease, while those with diagno-
ses of neonatal sepsis, prematurity and neonatal encephalopathy increased significantly (Table 1). Although 
clinical diagnosis of neonatal sepsis increased the most from 1990 to 1999, increasing by 260%, from 2000, 
neonatal encephalopathy had the greatest increase (350%). There was no significant change in the number 
of neonates with invasive bacterial disease (Table 1).

The number of admissions among in-born neonates increased significantly from 40 (9%) of all neonatal ad-
missions in 2000 to 350 (47%) in 2008 (trend 32.67 (95% CI 25.29-40.05, t-stats 10.83, P < 0.001), an absolute 
increment of 775%. In contrast, the burden of outborn ill neonates remained largely unchanged over the 
same period. The proportions of neonatal encephalopathy among inborn (506/1,787(28%)) was significantly 
higher than that among out-born (186/3732(5%), x2=600, P < 0.001).

Over the 19-year period, annual deliveries at the district hospital increased from 1,329 in 1990 to 2,597 by 
2008, an increment of 95% (Figure 1). The year-to-year increment was significant (trend 72.5, t-stats 5.6, 
P < 0.001). The projected population of women within the reproductive age group in the catchment area has 
increased by 17% over the same period.19

Overall, neonatal inpatient case fatality was significantly higher; 2,053/8,756 (23.5%) compared to 3,664/ 
63,096 (5.8%) in the non-neonatal paediatric admissions aged ≤5 years (�2 = 2.5e+03, P < 0.001) over the 
19-yearperiod. Of the neonatal deaths, 54 (2.6%) occurred among newborn who though admitted as neo-
nates, died after 28 days of life. The case fatalities for the main neonatal diagnoses were; tetanus 256/390 
(65.6%), prematurity 554/1,280 (43.3%), neonatal encephalopathy 253/778(35.1%), meningitis 39/147 
(26.5%), sepsis 547/3,252 (16.8%) and neonatal jaundice 116/811 (14.3%) respectively.

Neonatal inpatient case fatality decreased from 30.8%in 1990 to 16.5% in 2008 with that in the rest of the ≤5 
years decreasing from 8.0% to 3.5% respectively (Figure 2).

The declining trend in both were significant (tstats -5.3,P < 0.001) and (tstats -3.7, p = 0.002) respectively. 
However whilst annual deaths in the non-neonatal paediatric admissions aged ≤5 years decreased by 31%, 
annual neonatal deaths increased by 67%. Overall neonatal deaths as a proportion of all ≤5 years inpatient 
death increased significantly from 33% in 1990 to 55% in 2008 (tstats 6.3, P < 0.001).

From 1990 to 1999 the clinical diagnosis of neonatal sepsis had the greatest increase as a cause of inpatient 
neonatal death (Table 2). However, death from neonatal encephalopathy also increased significantly over the 
same period. From 2000 to 2008, whilst inpatient death from the clinical diagnoses of neonatal sepsis, neo-
natal tetanusand meningitis declined, that from neonatal encephalopathy continued to increase significantly 
(Table 2). The case fatality rate of the most important causes of death declined from 1990 to 2008 as follows: 
prematurity 50% to 30.8%, neonatal meningitis 42.9% to 11.8%, neonatal sepsis 30.6% to 5.5% and neona-
tal jaundice 25.7% to3.6%. The case fatality of neonates with invasive bacterial disease also declined from 
42.5% in 1998 to 23.9% in2008. The trend of declining case fatality was significant for the clinical diagnoses 
of neonatal sepsis and neonatal jaundice; (tstats -9.9, p < 0.001) and (tstats -5.5, p < 0.001) respectively and 
among those with invasive bacterial disease, (tstats -6.5, p < 0.001). The case fatality from neonatal tetanus 
and neonatal encephalopathy did not change significantly over the 19 years.

Most deaths occurred during the first week of life, with 70% of all deaths occurring within the first for-
ty-eight hours of life. Overall death among the very young neonates (< 7 days old) was significantly higher; 
1,647/5,400 (30.5%) compared to the rest of the neonatal period 406/3,356 (12.1%) (�2 = 252, p < 0.001) over 
the 19-year period. From the year 2000, neonates that died within forty-eight hours of life were more likely 
to becases of neonatal encephalopathy (�2 = 11.1, p = 0.001).They were also more likely to be in-born rather 
than out-born (�2 = 4.5, p = 0.03). However the overall proportionof deaths among inborn cases of neonatal 
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encephalopathy (154/506 (30.4%), did not significantly differ from that among out-born cases of neonatal 
encephalopathy (70/186 (37.6%), �2 = 3.22, p = 0.07). Likewise the overall case fatality rates among in-born 
(19.5%) and out-born (20.9%) did not differ significantly (�2 = 0.34, p = 0.56).

Variables that appeared predictive of inpatient neonatal death in univariable analysis (LR ≥ 2.0) were abnor-
mal axillary temperature (<36°C or ≥39.5°C), irregular breathing, respiratory rate of <30 per minute, cyanosis, 
oxygen saturation of <90%, temperature gradient, a weak pulse, delayed capillary refill ≥3 seconds, heart 
rate of <100 per minute, pallor, inability to breastfeed, no cry, neck stiffness, weight < 1.5 kg and blood glu-
cose concentration >7.0 mmols/l (Table 3). Of the clinical diagnoses, only neonatal tetanus and prematurity 
appeared predictive. However only irregular respiration, oxygen saturation of <90%, pallor, neck stiffness, 
weight <1.5 kg, abnormally elevated blood glucose >7 mmol/l, and clinical diagnosis of neonatal tetanus 
were independent predictors of inpatient neonatal death in multivariable analysis (Table 4). There was no 
significant variation in the prevalence of these signs during the study period. The overall area under the ROC 
curve was 0.76 (95%CI0.74-0.77), and it did not differ during and after the first week of life (�2 = 3.3, p = 0.07) 
(Figure 3). Exclusion of the diagnosis of neonatal tetanus had minimal effect on the overall performance of 
the indicators; ROC 0.74(95% CI 0.74-0.77) the remaining six indicators predicted in patient neonatal death 
with a sensitivity of 81% and a specificity of 68%.

Discussion

District health facilities play a pivotal role in the healthcare delivery system in resource poor countries, acting 
both as primary referral centres and also coordinating care at the peripheral health facilities.34,35 The nature 
and composition of inpatient burden at this level may reflect the community burden, more so than that at 
the larger referral hospitals (provincial, national, and teaching hospitals) that are usually situated in urban 
centres and thus far removed from the rural communities. However no study has analysed secular rends 
of neonatal admissions and outcome in rural district hospitals from resource poor countries in general and 
sub-Saharan Africa in particular. Our data shows that neonatal admissions both in absolute numbers and as 
a proportion of total paediatric admissions have substantially increased over the last 19 years. The age and 
pattern of neonatal admissions appears to have also changed, with much younger neonates and an increase 
in the cases of neonatal encephalopathy.

We found that although the total annual paediatric admissions increased markedly over the first 10 years of 
our surveillance (1990 to 1999), the proportions of neonatal admissions remained unchanged. Over the fol-
lowing nine year period (2000 to 2008) while neonatal admissions continued to increase markedly, non-ne-
onatal admissions remained stable and even declined. While the increase in neonatal sepsis (almost three 
fold) accounted for much of the increase during the first 10 years of this surveillance, from 2000 onward 
neonatal encephalopathy was the largest increment. It is worth noting that while hospital deliveries nearly 
doubled, the projected population of women within the reproductive age group increased marginally over 
the 19 years.19 This may thus signify increased utilization. The results may further support a previous re-
search finding that pregnant women, even in rural settings would prefer skilled attendance during delivery.36 

Increasing coverage of skilled deliveries should be one of the core strategies for reducing neonatal mortality 
in developing countries.3 However given the finding of higher cases of neonatal encephalopathy among hos-
pital deliveries, studies to examine barriers of timely up take of such facilities and how they can be eliminated 
are needed.

Encouragingly, this study shows a significant drop in inpatient case fatalities in both neonatal and non-neo-
natal admissions aged ≤5 years. This trend seems to be mirrored at national level where under five mortality 
rates appear to have initially increased from 89/1000 in1990, to 114/1000 by the year 2003, with steady 
reduction to 74/1000 live births by the year 2008.37,38 It is plausible that the initial increase was occasioned 
by economic deterioration in the late 1980s’ through to 2002 resulting in poor quality of life and reduction 
in government investment in health care. The periods from 2003 onward saw renewed economic growth 
and increased government spending in health care.38 Importantly our finding that there was no significant 
variation in the prevalence of signs indicative of severe illness or high likelihood of inpatient death over this 
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period, denotes that the decline in case fatality may be due to improving care rather than admission of less 
severely ill children. However, although inpatient neonatal and non-neonatal case fatality rates decreased 
over the 19 years, the actual numbers of neonatal inpatient deaths markedly increased as a result of the 
higher admissions.

Importantly, neonatal deaths as a proportion of all in patient deaths in children aged ≤5 years nearly doubled. 
It is particularly noteworthy that neonatal encephalopathy was the most rapidly increasing cause of inpatient 
neonatal deaths over the entire 19-year period.

Importantly while the case fatality from neonates with IBD or a clinical diagnosis of neonatal sepsis declined 
significantly, that from neonatal encephalopathy remained high. In the sub-Saharan African region, though 
neonatal encephalopathy and birth related complications are thought to be responsible for nearly a quarter 
of all neonatal deaths, the bulk of neonatal deaths is thought to be due to infectious causes (sepsis).1,3,39 
This increasing prominence of neonatal encephalopathy over time with declining deaths from other major 
neonatal conditions especially sepsis has not been previously reported. Surprisingly death among neonates 
with neonatal encephalopathy (whether in-born or out-born) did not differ significantly. However the higher 
composition of neonatal encephalopathy among inborn suggests that hospital deliveries may be occurring 
either for complicated births or where attempted home delivery has failed. It is therefore possible that cases 
of neonatal encephalopathy from home may represent just a minority of the mild and moderately affected 
newborn, with the severe ones dying soon after birth before reaching hospital care. Of note too is the high 
case fatality from neonatal tetanus and prematurity. Lack of ventilator support and parenteral nutrition at 
our centre may partly account for this. However this finding may underscore the role of primary prevention 
if significant gains in achieving sustained reduction in neonatal morbidity and mortality are to be made espe-
cially where the three conditions (neonatal encephalopathy, neonatal tetanus &prematurity) are concerned.

There are several possible factors that could account for the increase in neonatal admissions and hospital 
deliveries with stabilization or even decline in non-neonatal admissions. Firstly is the sustained high fertility 
rate (estimated to be above 6.0) in the catchment area.40 Secondly, a major cause of non-neonatal admissions 
notably malaria, has declined.11 This could be due to a combination of factors such as increased coverage of 
insecticide treated mosquito nets and change to a more effective anti-malarial drug.13 Moreover from2001 
introduction of Haemophilus influenzae type bconjugate vaccine led to a noticeable drop in cases admitted 
with IBD.9

Trends in health facility utilization over the last two decades in Kenya need to be put into context considering 
that from late 1980’s, the country introduced user fees in public health facilities.41,42 This was due to a combi-
nation of factors including poor economic performance, inadequate financial resources, declining budget al-
locations and international donor pressure.41 Facilities set user fees locally with the support of health facility 
committees. Revenue collected was returned to the district level and facilities developed detailed plans for 
spending 75% of the revenue. A waiving policy to protect the poor was put in place, and children below five 
years were exempted from most charges, but in reality waiving and exemption mechanisms hardly existed.41

Although there have been attempts towards lowering the user fees at lower level facilities (community dis-
pensaries and health centres), this has not been effected at district hospital level. Evidence on user fees and 
other out of pocket payments in Kenya suggest that healthcare charges are a significant barrier to access,42,43 
and that they can push households into poverty.43 Indirect costs such as transport and potential loss of in-
come are also important determinants of care seeking. It is therefore highly plausible that the trend we 
describe here has been greatly attenuated by combination of user fees, other out-of pocket payments and 
non-financial barriers to accessing healthcare.
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In order to reduce paediatric mortality in regions with limited resources, there have been attempts to devel-
op diagnostic and treatment algorithms that target the principal causes of death in children.16,44,45 The WHO 
developed a thirteen indicators sick child chart aimed at identifying severely ill children in need of intensive 
treatment or urgent referral.16 This largely identified children with acute respiratory infections, malaria, mea-
sles, diarrhoeal diseases and malnutrition. Although neonatal deaths constitute close to 40% of all inpatient 
paediatric deaths in such regions, neonatal illness did not feature prominently in the development of the 
said chart. Our study demonstrates that simple clinical variables of irregular breathing, oxygen saturation 
<90%, pallor, weight <1.5 kg, blood glucose >7.0 mmol/l and neck stiffness can predict inpatient neonatal 
death with good sensitivity and reasonable specificity. These variables may potentially aid in neonatal triage 
and thus help to reduce inpatient neonatal death. A recent multicentre study looking at clinical signs that 
predict severe illness in neonates and young infants ≤2 months old found that the signs of history of difficulty 
in feeding, history of convulsion, movement only when stimulated, respiratory rate of sixty breaths or more 
per minute, severe chest wall in drawing and abnormal temperature (≥37.5°C or <35.5°C) predicted severe 
illness with a sensitivity of 85% and specificity of 75%.44 However we did not find these variables to be inde-
pendent predictors of inpatient neonatal death. This may suggest that signs that predict severe illness may 
differ from those that predict in patient neonatal death. More studies are needed to validate the signs that 
we found to be predictive.

A major limitation of this study is that before 2000, information on place of delivery was not routinely collect-
ed making it difficult to compare long term trends between home deliveries and the hospital births. However 
given that at the start of 2000 only 40/442 (9%) of all neonatal admission were in-born, and the proportion 
increased thereafter, it is likely that in the preceding years hospital births were unlikely to be much higher 
than the 2000 figure. We were also unable to estimate the minimum incidence of neonatal admissions due 
to lack of information on live births in the catchment area. However we controlled for this by looking at trend 
in neonatal admissions as a proportion of total under five paediatrics admissions, and further adjusting for 
annual population growth rate.

Conclusion

In conclusion, this study provides clear evidence of increase in inpatient neonatal burden in a district hospi-
tal coupled, with an increase in maternity deliveries in a resource poor region. Encouragingly, inpatient case 
fatality reduced significantly. However neonatal deaths now comprise close to 60% of all inpatient deaths 
in children aged ≤5 years and neonatal encephalopathy is a rapidly increasing cause of inpatient death. Our 
findings have several implications at facility, national and global levels. At the facility level measures should 
be put in place to ensure adequate equipment and trained personnel to handle emergency obstetric care, 
recognize and manage common neonatal conditions and perform simple resuscitation measures especially 
in cases of neonatal encephalopathy. Likewise audit of neonatal admissions and outcome should be encour-
aged at all healthcare facilities. At the national and international level sustained political will is required to 
formulate and implement deliberate policies aimed at reducing newborn morbidity and mortality and to 
mobilize and direct resources towards implementing and sustaining such policies. The place of district and 
community level health facilities in reducing neonatal morbidity and mortality in developing regions should 
also be emphasized and committed steps taken to ensure they are appropriately staffed and equipped. Fi-
nally, by further highlighting simple variables predictive of inpatient neonatal death, this study also provides 
possible areas to be targeted in tackling the high level of inpatient neonatal deaths in rural district hospitals.
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Figure 1: Showing trend in:- annual neonatal admissions, neonatal admissions as a proportion of total paediatric ad-
missions aged ≤5 years, & maternity deliveries in the hospital.

 

Figure 2: Displaying trend in inpatient case fatality for neonates aged ≤ 48 hrs, 3 to 6 days and 7 to 28 days at admission 
and the rest of the paediatric admissions ≤5 years.
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Figure 3: Performance of indicators of inpatient neonatal death.

 
 

Table 1: Overall trend in burden of individual clinical diagnoses 1990-2008
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Table 2: Overall Trend In Inpatient Death: 1990-2008 

 

Table 3: Crude Predictors of Inpatient Neonatal Death In Univariable Analysis
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Table 3: Crude predictors of inpatient neonatal death in univariable analysis (Continued)

Table 4: Predictors of inpatient neonatal death (Multivariable analysis of crude predictors with LR≥2.0)
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Abstract 

Objective

To describe the prevalence of hypoxemia in children admitted to a hospital in Kenya for the purpose of identi-
fying clinical signs of hypoxemia for emergency triage assessment, and to test the hypothesis that such signs 
lead to correct identification of hypoxemia in children, irrespective of their diagnosis.

Methods 

From 2002 to 2005 we prospectively collected clinical data and pulse oximetry measurements for all pae-
diatric admissions to Kilifi District Hospital, Kenya, irrespective of diagnosis, and assessed the prevalence of 
hypoxemia in relation to the World Health Organization (WHO) clinical syndromes of “pneumonia” on admis-
sion and the final diagnoses made at discharge. We used the data collected over the first three years to derive 
signs predictive of hypoxemia, and data from the fourth year to validate those signs.

Findings 

Hypoxemia was found in 977 of 15 279 (6.4%) of all admissions (5 to 19% depending on age group) and was 
strongly associated with inpatient mortality (age-adjusted risk ratio: 4.5; 95% confidence interval, (95% CI): 
3.8-5.3). Although most hypoxemic children aged ≥60 days met the WHO criteria for a syndrome of “pneu-
monia” on admission, only 215 of the 693 (31%) hypoxemic children aged ≥60 days had a final diagnosis 
of lower respiratory tract infection (LRTI). The most predictive signs for hypoxemia included shock, a heart 
rate <80 beats per minute, irregular breathing, a respiratory rate >60 breaths per minute and impaired con-
sciousness. However, 5-15% of the children who had hypoxemia on admission were missed, and 18% of the 
children were incorrectly identified as hypoxemic.

Conclusion

The syndromes of pneumonia make it possible to identify most hypoxemic children, including those without 
LRTI. Shock, bradycardia and irregular breathing are important predictive signs, and severe malaria with 
respiratory distress is a common cause of hypoxemia. Overall, however, clinical signs are poor predictors of 
hypoxemia, and using pulse oximetry in resource-poor health facilities to target oxygen therapy is likely to 
save costs.

Abstract word count: 314
Manuscript word count: 3,578
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Introduction

Recognizing and correcting poor oxygenation early is an essential aspect of paediatric emergency care. The 
management of hypoxemia includes establishing an open airway and alveolar ventilation, providing supple-
mental oxygen, restoring circulation and treating the underlying cause. Hypoxemia correlates with mortality,1 
and early assessment and prompt oxygen therapy probably improve survival.2,3

In developing countries, bottled oxygen is expensive and commonly in short supply. However, most hospitals 
providing secondary care cannot perform pulse oximetry or measure arterial oxygen concentration to prop-
erly target oxygen delivery. Furthermore, clinical assessment is often carried out by relatively inexperienced 
health workers, as a result of which simple algorithms for identifying hypoxemia have been developed and 
studied. However, the studies have been conducted almost entirely among children with lower respiratory 
tract infection (LRTI),4-9 and little prospective validation has been performed.

Certain clinical signs have been identified as predictive of hypoxemia: a fast respiratory rate for age, lower 
chest wall in drawing, grunting, head nodding, cyanosis, the absence of crying during the examination, and 
the inability to breastfeed or drink. No single sign is a reliable predictor, and sensitivity is generally low for 
any single sign.10 The WHO currently recommends giving oxygen urgently to children with cyanosis, signs 
of shock, severe respiratory distress, the syndrome of “very severe pneumonia” or a respiratory rate of 70 
breaths per minute (min) or more.11

Given the paucity of data outside the context of LRTI, we first aimed to describe the prevalence of hypox-
emia in relation to the WHO clinical syndromes of “pneumonia” at admission and the final diagnoses made 
at discharge. We then tested the hypothesis that hypoxemia could be identified on the basis of clinical signs 
by studying a large population of children consecutively admitted to a rural, Kenyan district hospital, irre-
spective of their diagnosis. We report findings from 15,279 children and neonates admitted during a 3-year 
period and validate our findings using data from 4,695 admissions over a fourth year.

Methods

Study setting

Since 1998 we have conducted continuous inpatient surveillance to describe the causes and clinical features 
of common illnesses among children admitted to Kilifi District Hospital in Kenya.12,13 The hospital is located at 
sea level in an area with endemic malaria. Government-employed clinical officers not involved in research re-
fer children to the paediatric ward (40 beds) or the high-dependency unit (6 beds). On admission, discharge 
or death, standardized clinical and laboratory data are collected by clinical officers, who in Kenya receive 3 
years of basic medical training, or by fully trained medical officers with less than 5 years of paediatric expe-
rience.12,13 For this analysis, we used data collected at admission from January 2002 to December 2005 and 
final discharge diagnosis for each consecutive admission over the same period of time. The Kenyan National 
Scientific and Ethical Review Boards and the Coventry Research Ethics Committee approved the study.

Clinical definitions

The WHO defines a set of clinical syndromes of “pneumonia” on the basis of clinical history and clinical signs 
at presentation for the purpose of determining the need for admission and the type of antibiotic treatment 
required.11,14 The definitions have high sensitivity with respect to LRTI, but they lack specificity. The “syn-
drome of pneumonia” is defined as a history of cough or difficulty breathing plus an elevated respiratory rate 
for age (if <2 months, ≥60 breaths per min; if 2-11 months, ≥50 breaths per min; and if 1-5 years, ≥40 breaths 
per min), and no signs of severe pneumonia syndrome. “Severe pneumonia syndrome” is defined as a history 
of cough or difficulty breathing plus lower chest wall in drawing or nasal flaring and no signs of very severe 
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pneumonia syndrome. “Very severe pneumonia syndrome” is defined as cough or difficulty breathing plus 
any of the following signs: cyanosis, inability to drink or breastfeed, convulsions, lethargy or unconsciousness.

The signs not included in the above definitions, prostration was defined as the inability to sit unsupported 
for a child ≥9 months of age, or the inability to breastfeed or drink for a child <9 months of age. Level of 
consciousness was assessed using the Blantyre coma scale.15 Shock was defined as the presence of any one 
of the following signs: capillary refill delayed for >3 seconds , a noticeable temperature gradient or a weak 
pulse volume. For this analysis, we defined severe anaemia as a haemoglobin concentration ≤4 g/dl. Malaria 
screening was performed on every admission with thick and thin blood films stained and examined by stand-
ard techniques. Oxygen saturation (SaO2) was measured at admission by trained clinical assistants using fin-
gertip pulse oximetry (Nellcor Puritan Bennett NPB-40, United States of America). We defined hypoxemia as 
an SaO2 <90%. Bottled oxygen was always available for hypoxemic children. LRTI and other conditions were 
managed according to current WHO guidelines.11 All final diagnoses, including LRTI, were made prospectively 
by the discharging clinician after a review of admission history, inpatient management notes and all available 
laboratory and radiologic tests.

For this analysis, we first used the WHO pneumonia syndromes to classify children according to the clinical 
findings observed at admission. We then examined up to two final diagnoses recorded at discharge or death 
using all available clinical, laboratory and radiological information. Thus, the sum of all final diagnoses may 
exceed 100%.

Statistical methods

At the point of contact, clinical data were entered into a FileMaker Pro database 5.5v1 (FileMaker Inc., USA). 
Laboratory data were double entered and verified using FoxPro 2.5b for Windows (Microsoft Corporation, 
Seattle, WA, USA). Stata version 9.2 (Stata Corp, College Station, TX, USA) was used for the final analysis. 
We split the data into a 3-year derivation set and a 1-year validation set. We divided admissions into three 
age groups because we hypothesized that the prevalence, causes and predictors of hypoxemia could differ 
among neonates, young infants and older children. We first determined the prevalence of hypoxemia in all 
age groups. We then examined hypoxemia in relation to the WHO clinical syndromes of pneumonia at admis-
sion and final diagnosis at discharge. After excluding children in whom oximetry was not performed or with 
a failed oximeter reading or who had known cardiac diseaseor asthma, we developed predictive models of 
hypoxemia in three stages by means of likelihood ratios (LRs). The LR indicates the degree to which a positive 
or negative result increases or lowers, respectively, the odds of having the disease in question (hypoxemia 
in this case). LRs change less under the influence of disease prevalence than sensitivity and specificity, and 
they may be calculated for multiple test results.16 For each putative clinical sign used to predict hypoxemia, 
we first calculated the crude LR for a positive result and for a negative result. Signs with crude LR ≥2.0 or ≤0.5 
were considered clinically useful. We then used the method of Speigelhalter and Knill-Jones to adjust for the 
confounding effects of related variables, as determined by multivariate analyses, in four separate groups: res-
piratory, cardiovascular, neurological and general signs.13,17,18 In the third step, we constructed practical pre-
diction rules for hypoxemia using signs with adjusted likelihood ratios of ≥2.0 or ≤0.5, prioritized by strength 
of prediction and clinical practicability. We finally evaluated the final rules using the area under the receiver 
operating characteristic (ROC) curves using the validation data set. Distributions of age were compared by 
means of the Wilcoxon rank sum test.

Results

Between 2002 and 2004, 15,399 children were admitted (derivation set) to the hospital. Of these children, 
13,183 were aged ≥60 days; 991 were aged 7 to 59 days, and 1,115 were aged <7 days. Excluded from the 
study were 112 children: 35 without pulse oximetry results; 59 with known cardiac disease and 18 with 
known asthma. Among the 13,183 children admitted, the proportion of males was 56% and the median age 
was 32 months (inter-quartile range: 11-42). The most common final diagnoses were malaria (4,982, or 38%), 
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LRTI (2,869, or 22%), gastroenteritis (2,026, or 15%), malnutrition (1,261, or 10%) and severe anaemia (717, 
or 5%).

Hypoxemia was found in 693 (5.3%) of the children admitted. The median age of the children with and with-
out hypoxemia was 18.9 and 22.9 months, respectively (P = 0.036). The most frequent final diagnoses among 
hypoxemic children were malaria (244, or 35%), LRTI (221, or 32%), malnutrition (68, or 10%) and gastroen-
teritis (49, or 7%). Severe anaemia was found in 30 children (<1%). Overall, 753 (6%) children died; including 
150 of 693 (22%) with hypoxemia. Irrespective of the final clinical diagnosis, hypoxemia was strongly associ-
ated with inpatient death (age-adjusted risk ratio, RR: 4.5; 95 CI: 3.8-5.3).

Very severe pneumonia syndrome

Of the children admitted, 2,525 (19%) satisfied the WHO criteria for very severe pneumonia: 291 (12%) of 
these children were hypoxemic and 287 (11%) died. The final diagnoses included severe malaria (1268, or 
50%), LRTI (514, 20%), gastroenteritis (185, 7%), acute febrile convulsion of unknown ause (without malaria, 
meningitis or epilepsy) (181, or 7%), malnutrition (173, or 7%), meningitis (75, 3%) and severe anaemia (56, 
2%). In 86 (3%) children, both malaria and LRTI were present. Of the 291 hypoxemic children, 119 (41%) had 
a final diagnosis of malaria and 82 (28%), of LRTI. The case fatality rate among hypoxemic children was 30% 
(89/291).

Severe pneumonia syndrome

Of the children admitted, 2267 (17%) satisfied the WHO criteria for severe pneumonia, 156 (7%) were hypox-
emic and 107 (5%) died. The final diagnoses included LRTI (1654, or 73%), malaria (349, or 15%), malnutrition 
(180, or 8%), gastroenteritis (49, or 2%) and severe anaemia (43, or 2%). A further 155 (7%) children had both 
malaria and LRTI. Of the 156 hypoxemic children, 113 (72%) had a final diagnosis of LRTI and 18 (12%), of 
malaria. The case fatality rate was 16% (25/156) among children who were hypoxemic.

Pneumonia syndrome

Of the children admitted, 697 (5%) satisfied the WHO criteria for pneumonia, and of this group, 14 (2%) were 
hypoxemic and 33 (5%) died. Frequent final diagnoses among these children were malaria (245, or 35%), LRTI 
(197, or 28%), malnutrition (93, 13%), gastroenteritis (76, 11%) and severe anaemia (26, or 4%). Of the 14 
hypoxemic children, 8 (57%) had a final diagnosis of malaria and 4 (29%), of LRTI. The case fatality rate was 
21% (3/14) among children who were hypoxemic.

Overall, 461 of 693 (67%) hypoxemic children who were admitted met the clinical criteria for one of the WHO 
pneumonia syndromes, and 215 of 693 (31%) of the hypoxemic children admitted had a final discharge diag-
nosis of LRTI (Figure 1).

Admissions in children 7-59 days old

Of the 991 children aged 7-59 days who were admitted (57% males) 78 (8%) were hypoxemic and 82 (8%) died. 
The main final diagnoses were neonatal sepsis (497, or 50%); LRTI (301, 30%) and neonatal jaundice (37, 4%). 
Of the hypoxemic children, 37 (47%) had a final diagnosis of LRTI and 25 (32%), of neonatal sepsis. Among 
78 hypoxemic children, 22 (28%) died. Hypoxemic children had higher mortality (age-adjusted RR: 4.3; 95% 
CI: 2.8-6.6).
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Admissions in the first week of life

Of 1,105 children (58% males) admitted during the first week of life, 206 (19%) were hypoxemic on admission, 
and 336 (30%) died. Common final diagnoses were neonatal sepsis (600, or 54%); prematurity (216, or 20%); 
birth asphyxia (153, 14%) and uncomplicated neonatal jaundice 98 (9%). Among those with hypoxemia, neo-
natal sepsis (80, or 39%), birth asphyxia (62, or 30%), prematurity (49, or 24%) and neonatal jaundice (7, 3%) 
were common. Among 206 children admitted with hypoxemia, 118 (57%) died. This represented 35% of all 
deaths. Hypoxemia was associated with inpatient death (age-adjusted RR: 2.4; 95% CI: 2.0-2.8).

Clinical indicators of hypoxemia

Admissions in children aged 60 days to 59 months

Clinical signs that appeared predictive on univariate analysis (LR ≥2.0 or ≤0.5) were lower chest wall in draw-
ing, nasal flaring, central cyanosis, irregular breathing, deep breathing, stridor, auscultatory crackles, dullness 
on percussion, respiratory rate ≥60 breaths per min, weak pulse volume, delayed capillary refill (≥3 s), heart 
rate <80 beats per min, impaired consciousness with a Blantyre coma scale <3, prostration, convulsion on ad-
mission, restlessness and hypothermia (Table 1 in supplementary materials). On multivariate analysis within 
each group, central cyanosis, heart rate <80 beats per min, irregular breathing, impaired consciousness with 
a Blantyre coma scale <3, respiratory rate >60 breaths per min, delayed capillary refill (≥3 s) and weak pulse 
volume remained predictive of hypoxemia (Table 2 in supplementary materials).

The overall sensitivity and specificity of these signs in the validation data set are shown in (Table 1). Although 
lower chest wall in drawing did not meet our criteria as a useful predictor when included with other signs 
in the respiratory group, we re-tested it with the final list of predictive signs because it is easy to recognize 
clinically and WHO recommends it as an indication for oxygen therapy when severe. Although including low-
er chest wall in drawing improved sensitivity, specificity was lost (Table 1). The area under the ROC curve of 
these signs in the validation set was 0.80 (95% CI: 0.77-0.84) overall, 0.77 (95% CI: 0.73-0.82) among children 
who fulfilled the clinical criteria for a pneumonia syndrome, and 0.81 (95% CI: 0.75-0.89) among children 
who did not fulfil these criteria.

Admissions in children 7-59 days old

The clinical signs that appeared predictive on univariate analysis were cyanosis, irregular breathing, nasal 
flaring, crackles on auscultation, respiratory rate >80 per min, weak pulse, delayed capillary refill (≥3 s), heart 
rate <100 beats per min, absent cry, unresponsiveness to painful stimuli, convulsions present on admission, 
restlessness, a bulging fontanel and axillary temperature<36ºC (table 3 in supplementary materials). Cya-
nosis, heart rate <100 beats per min, respiratory rate >60 breaths per min, irregular breathing, unrespon-
siveness to painful stimuli, restlessness, inability to breastfeed and delayed capillary refill (≥3 s) remained 
predictive after controlling for other signs (Table 4 in supplementary materials). For the reasons given above, 
we also re-tested lower chest wall in drawing in the final list of signs. The sensitivity and specificity of the 
signs are shown in Table 2. The area under the ROC curve for the prospective validation data set was 0.77 
(95% CI: 0.71-0.84).

Admissions in children during the first week of life

In this group of children, predictive signs on univariate analysis were cyanosis,irregular breathing, deep 
breathing, respiratory rate >80 breaths per min, auscultatory crackles, in drawing, nasal flaring, heart rate 
<100 beats per min, weak pulse, delayed capillary refill (≥3 s), absent cry, unresponsiveness to painful stimuli, 
history of birth asphyxia and birth trauma (Table 5 in supplementary materials). Signs that remained signifi-
cantly associated on multivariate analysis were cyanosis, heart rate <100 beats per min, irregular breathing, 
absent cry, unresponsiveness to painful stimuli, respiratory rate >80 breaths per min, history of birth asphyx-
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ia, delayed capillary refill (≥3 s) and inability to breastfeed (Table 6 in supplementary materials). The sensitivi-
ty and specificity of the signs are shown in (Table 3). For these signs, the area under the ROC in the validation 
set was 0.76 (95% CI: 0.72-0.81).

Discussion

Most studies of the prevalence and clinical signs of hypoxemia have focused on children with LRTI. We there-
fore chose to examine unselected paediatric admissions. Hypoxemia was present in 5% to 19% of all children 
admitted to a Kenyan district hospital, depending on age, and this concurs with recent data from the Gam-
bia.19 Although two-thirds of hypoxemic children aged ≥60 days presented with one of the clinical syndromes 
of pneumonia, only one-third had a final diagnosis of LRTI. Most children meeting the WHO criteria for very 
severe pneumonia were finally diagnosed with severe illnesses other than LRTI, most commonly severe ma-
laria or shock. Children who have metabolic acidosis in severe malaria may present with respiratory distress 
(Kaussmaul’s respiration) and could thus overlap with the syndrome of very severe pneumonia.11,20,21 The 
situation may differ in geographical regions where malaria is not endemic.

Clinical signs were relatively poor predictors of hypoxemia. The most sensitive rules we developed still missed 
5 to 15% of hypoxemic children, depending on age. As in other studies, specificity posed a significant prob-
lem, as it was markedly reduced when we included lower chest wall in drawing (82-67% among children 
≥60 days of age and 77-50% among infants aged 1 week to 59 days) and the inability to breastfeed among 
infants in the first week of life (66-45%). Had we followed these rules, even after excluding lower chest wall in 
drawing at all ages and an inability to breastfeed in the first week of life, we would have given bottled oxygen 
to a total of 862 of 4,695 (18%) children in the validation set who were not hypoxemic by pulse oximetry. 
Although the false positive and false negative assessment results were fewer than reported recently from 
Papua New Guinea, they still represent a significant financial burden.22 At an estimated daily cost of 6-14 
United States dollars (US$) per child on oxygen at 1 litre per min (depending on the size of cylinder available), 
in our setting this would have translated into US$ 5172 to US$ 12 068 in one year had each child not requiring 
oxygen (862) received it for 1 day.2 A hand-held pulse oximeter costs less than US$ 1000.

Where supplies of oxygen are limited and pulse oximetry is unavailable, as in most health facilities that treat 
severely ill children in resource-limited settings, prioritization depends on clinical signs. The signs we found 
to be most strongly predictive of hypoxemia among admissions aged ≥60 days correspond with those given in 
the combined chapters of “triage and emergency conditions” and the “cough and difficult breathing” in the 
current WHO guidelines.11 The signs of shock (delayed capillary refill and a weak pulse volume) included in 
the triage guidelines have not been evaluated in previous studies of hypoxemia in this setting, and including 
them in the WHO emergency care guidelines appears to be justified as part of the assessment of the airway, 
breathing and circulation. Importantly, hypoxemia detected by transcutaneousmeasurement may be due in 
part to poor tissue perfusion (hence poor peripheral oxygenation), and oxygen may therefore be needed only 
in the initial stabilization phase. Although a slow heart rate and irregular breathing are not included in the 
currently recommended triage assessment, they were among the strongest predictors of hypoxemia in our 
study. These signs, together with the signs of shock, led to identification of 50% of the cases of hypoxemia 
and had reasonable specificity (85%). Importantly, although cyanosis alone was a very strong positive pre-
dictor (LR: 24), few of the children admitted had this sign, and the absence of cyanosis was not predictive of 
normal oxygenation (LR: 0.94).

Lower chest wall in drawing by itself was a weak predictor of hypoxemia, and signs such as pallor, dullness on 
chest percussion, wheeze or crackles were not predictive. We did not include laboratory results in the final 
models because they are seldom available when an initial decision regarding oxygen therapy has to be made.

We performed separate analyses for different age groups on the hypothesis that predictive signs may differ 
in each. However, we found the signs to be remarkably similar. Few studies have looked at hypoxemia in 
neonates and young infants in this setting. One study of 132 neonates in Papua New Guinea showed that a 
model of cyanosis, respiratory rate >70 breaths per min, or respiratory rate <30 breaths per min and reduced 
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activity could predict hypoxemia with a sensitivity of 84% and a specificity of 55%.23 A recent study from the 
Gambia showed that the prevalence of hypoxemia in neonates was about 16.5%.19 However, in that study 
40% of all neonatal admissions were missed. Importantly, no neonates were recruited in the first week of life.

Our study has several weaknesses. We did not collect data on head nodding and grunting, which have yielded 
variable findings in previous studies.4,9 Pulse oximetry was performed routinely during admission, and the 
admitting clinicians were not blinded to the SaO2 results during their initial clinical assessment. However, 
the low sensitivity of signs such as cyanosis, commonly regarded as a cardinal sign of hypoxemia, and the 
fact that the predictive value of the clinical signs was similar to that reported in other studies, suggest that 
clinicians were not unduly influenced when recording their findings.1,8 A generalized problem is that among 
children admitted with overt shock and signs of poor circulation, peripheral pulse oximetry results may not 
always accurately reflect core hypoxemia.24

We defined hypoxemia as an SaO2 <90% by pulse oximetry.11 However, children aged ≥60 days whose SaO2 
was 90-94% had a higher case fatality proportion (102/1,339, or 7.6%) than those whose SaO2 was ≥95% 
(503/11 203, or 4.5%) (P < 0.001). Some children with an SaO2 of 90-95% may benefit from oxygen supple-
mentation; further studies are needed to elucidate if oxygen affects the outcome at this level.

Our findings strongly support current WHO recommendations surrounding triage for the detection of hypox-
emia. This is important because almost all prior studies have only included children thought to have pneu-
monia, and none has evaluated he triage signs of shock. Based on our findings, we advise against excessive 
emphasis on LRTI, which may potentially result in the under diagnosis of other conditions associated with 
respiratory distress and hypoxemia. Rather, we recommend a structured approach to assessment and triage 
that will target children likely to have hypoxemia irrespective of the working diagnosis. Finally, pulse oximetry 
is essential for detecting hypoxemia and is likely to save costs. 

Acknowledgement

We thank the Kenya Medical Research institute (KEMRI) and The Wellcome Trust (Grants codes. 061584, 
076278, 081186) for their support. We also thank the Medical Officer of Health, the Medical Superintendent 
and the paediatric staff of Kilifi District Hospital. This article is submitted for publication with the permission 
of the Director of the KEMRI.

Competing interests: 

None declared.



209273-L-bw-Mwaniki209273-L-bw-Mwaniki209273-L-bw-Mwaniki209273-L-bw-Mwaniki

CHAPTER 3 | TRiAgE AssEssmEnT FoR HyPoxEmiA

48

References

1. Onyango FE, Steinhoff MC, WafulaEM, Wariua S, Musia J, Kitonyi J. 1. Hypoxemia in young Kenyan chil-
dren with acute lower respiratory infection. BMJ 1993;306:612-5. PMID:8369033

2. Oxygentherapy for acute respiratory infections in young children in developing countries. Geneva: World 
Healh Organization; 1993 (ARI/93.28). Available from: http://www.who.int/child-adolescent health/New 
Publications/CHILD_HEALTH/WHO_ARI_93.28.htm [accessed on 23 February 2007].

3. Blot SI, Rodriguez A, Solé-Violán J, Blanquer J, Almirall J, Rello J. Effects. of delayed oxygenation assess-
ment on time to antibiotic delivery and mortality in patients with severe community-acquired pneumo-
nia. Crit Care Med 2007;35:2509-14. doi:10.1097/01.CCM.0000266825.19629.BA PMID:17901833

4. Laman M, Ripa P, Vince J, Tefuarani N. Can clinical signs predict hypoxemia in Papua New Guinean children 
with moderate and severe pneumonia? Ann Trop Paediatr2005;25:23-7. doi:10.1179/146532805X23317 
PMID:15814045

5. LodhaR, Bhadauria PS, Kuttikat AV, Puranik M, Gupta S, PandeyRM, et al. Can clinical symptoms or signs 
accurately predict hypoxemia in children with acute lower respiratory tract infections? Indian Pedi-
atr2004;41:129-35. PMID:15004298

6. Reuland DS, Steinhoff MC, Gilman RH, Bara M, Olivares EG, Jabra A, et al. Prevalence and prediction 
of hypoxemia in children with respiratory infections in the Peruvian Andes. J Pediatr1991;119:900-6. 
doi:10.1016/S0022-3476(05)83040-9 PMID:1960604

7. Smyth A, Carty H, Hart CA. Clinical predictors of hypoxemia in children with pneumonia. Ann Trop Paedi-
atr1998;18:31-40. PMID:9691999

8. UsenS, Weber M, Mulholland K, Jaffar S, Oparaugo A, Omosigho C, et al. Clinical predictors of hypox-
emia in Gambian children with acute lower respiratory tract infection: prospective cohort study. BMJ 
1999;318:86-91. PMID:9880280

9. Weber MW, Usen S, Palmer A, Jaffar S, Mulholland EK. Predictors of hypoxemia in hospital admissions 
with acute lower respiratory tract infection in a developing country. Arch Dis Child 1997;76:310-4. 
doi:10.1136/adc.76.4.310 PMID:9166021

10. Ayieko P, English M. In children aged 2-59 months with pneumonia, which clinical signs best predict hy-
poxemia? J Trop Pediatr2006;52:307-10. doi:10.1093/tropej/fml036PMID:16943216

11. Pocketbook for hospital care of children: guidelines for the management of common illness with limited 
resources. Geneva: World Health Organization; 2005.

12. Berkley JA, Maitland K, Mwangi I, Ngetsa C, Mwarumba S, Lowe BS, et al. Use of clinical syndromes to 
target antibiotic prescribing in seriously ill children in malaria endemic area: observational study. BMJ 
2005;330:995. doi:10.1136/bmj.38408.471991.8F PMID:15797893

13. Berkley JA, Ross A, Mwangi I, Osier FH, Mohammed M, Shebbe M, et al. Prognostic indicators of ear-
ly and late death in children admitted to district hospital in Kenya: cohort study. BMJ 2003;326:361. 
doi:10.1136/bmj.326.7385.361 PMID:12586667

14. ShannF, Hart K, Thomas D. Acute lower respiratory tract infections in children: possible criteria for selec-
tion of patients for antibiotic therapy and hospital admission. Bull World Health Organ 2003;81:301-5. 
PMID:12764498

15. Management of severe malaria: a practical hand book. Geneva: World Health Organization; 2000. ISBN 
92 4 154523 2.

16. Centre for Evidence-Based Medicine. Likelihood ratios. Available from: http://www.cebm.net/index.as-
px?o=1043 [accessed on 1 February 2009].

17. Spiegelhalter DJ, Knill-Jones RP. Statistical and knowledge-based approaches to clinical decision-support 
systems, with an application in gastroenterology. R Stat Soc [Ser A] 1984;147:35-77.

18. Seymour DG, Green M, VazFG. Making better decisions: construction of 18. clinical scoring systems by the 
Spiegelhalter-Knill-Jones approach. BMJ 1990;300:223-6. PMID:2106929

19. Junge S, Palmer A, Greenwood BM, Kim Mulholland E, Weber MW. The spectrum of hypoxemia in chil-
dren admitted to hospital in The Gambia, West Africa. Trop Med Int Health 2006;11:367-72. doi:10.1111/
j.1365-3156.2006.01570.x PMID:16553917



209273-L-bw-Mwaniki209273-L-bw-Mwaniki209273-L-bw-Mwaniki209273-L-bw-Mwaniki

CHAPTER 3 | TRiAgE AssEssmEnT FoR HyPoxEmiA

49

20. Marsh K, Forster D, Waruiru C, Mwangi I, Winstanley M, Marsh V, et al. Indicators of life-threatening 
malaria in African children. N Engl J Med 1995;332:1399-404. doi:10.1056/NEJM199505253322102 
PMID:7723795

21. English M, Punt J, Mwangi I, McHugh K, Marsh K. Clinical overlap between malaria and severe pneu-
monia in Africa children in hospital. Trans R Soc Trop Med Hyg 1996;90:658-62. doi:10.1016/S0035-
9203(96)90423-X PMID:9015508

22. Wandi F, Peel D, Duke T. Hypoxemia among children in rural hospitals in Papua New Guinea: epidemi-
ology and resource availability − a study to support a national oxygen programme. Ann Trop Paediatr 
2006;26:277doi:10.1179/146532806X152791PMID:17132292

23. Duke T, BlaschkeAJ, Sialis S, Bonkowsky JL. Hypoxemia in acute respiratory and non-respiratory illnesses in 
neonates and children in a developing country. Arch Dis Child 2002;86:108-12. doi:10.1136/adc.86.2.108 
PMID:11827904

24. Rooth G, Huch A, Huch R. Transcutaneous oxygen monitors are reliable 24. indicators of arterial oxygen 
tension (if used correctly). Pediatrics 1987;79:283-6. PMID:3808804



209273-L-bw-Mwaniki209273-L-bw-Mwaniki209273-L-bw-Mwaniki209273-L-bw-Mwaniki

CHAPTER 3 | TRiAgE AssEssmEnT FoR HyPoxEmiA

50

Figure 1: Distribution of LRTI and hypoxemic cases across the WHO “pneumonia” syndromes.

Table 1: Performance of clinical predictors of hypoxemia in children ≥60 days of age admitted to Kilifi District Hospital, 
Kenya
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Table 2: Performance of clinical predictors of hypoxemia in children 7-59 days of age admitted to the Kilifi District Hos-
pital, Kenya

 

Table 3: Performance of clinical predictors of hypoxemia in children less than 1 week of age admitted to Kilifi District 
Hospital, Kenya
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Supplementary Materials: Tables 1 to 6 

Table 1: Clinical crude predictors of hypoxemia in univariate analysis for admission age ≥60 days 

Sign Not hypoxemic Hypoxemic LR (Unvariate) 95% CI
Respiratory signs and symptoms
No history of cough 6,415 295 0.80 0.74 - 0.88
History of cough 6,126 423 1.21 1.13 -1.29

No history of breathing difficult 8,578 305 0.62 0.570 - 0.68
History of breathing difficult 3,964 413 1.82 1.700 - 1.95

No lower chest wall Indrawing 9,696 367 0.66 0.615 - 0.71
Lower chest wall Indrawing 2,842 351 2.16 1.988 - 2.34

No nasal flaring 10,950 452 0.72 0.68 - 0.76
Nasal flaring 1,590 266 2.92 2.63 - 3.25

No cyanosis 12,513 673 0.94 0.92 - 0.96
Cyanosis 27 45 29.11 18.17-46.63
No wheeze 12,139 679 0.96 - 0.99 0.98
Wheezing 399 38 1.2 - 2.3 1.67

Regular respiration 12,347 645 0.91 0.89 - 0.94
Irregular respiration  191 73 6.67 5.15 - 8.65

No deep breathing 11,056 458 0.72 0.68 - 0.77
Deep breathing 1,482 260 3.06 2.75 - 3.41

No stridor 12,510 711 0.99 0.99 - 1.00
Stridor 29  7 4.22 1.85 - 9.59

No percussion dullness 12,452 705 0.99 0.98 - 1.00
Percussion dullness 87  13 2.61 1.46 - 4.65

No crackles on auscultation 10,537 489 0.81 0.77 - 0.85
Crackles on auscultation 2,004 229 2.00 1.78 - 2.24

Respiratory rate <40 7,250 231 0.56 0.50 - 0.62
40 to 59 3,963 271 1.20 1.08 - 1.32
60 to 79 1,079 159 2.57 2.22 - 2.99
80 to 99 214 47 3.84 2.82 - 5.21
≥100 36 10 4.85 2.42 - 9.74
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Cardiovascular signs
Normal pulse volume 11,866 561 0.83 0.79 - 0.86
Weak pulse volume 668 157 4.10 3.51 - 4.80

No temperature gradient 9,623 488 0.89 0.84 - 0.93
Temperature gradient 2,914 230 1.38 1.23-1.54

No pallor 8,718 400 0.83 0.78 - 0.88
Pallor 3,770 293 1.40 1.28-1.53

Capillary refill (sec) ≤1 6,779 252 0.65 0.59 - 0.72
2 4,811 287 1.04 0.95 - 1.14
3 784 114 2.54 2.12 - 3.05
4 121 40 5.78 4.07 - 8.19
≥5 47 25 9.29 5.75 - 15.01

Heart rate <80 101 32 5.53 3.75 - 8.18
80 to 99 356 19 0.93 0.59 - 1.47
100 to 119 960 48 0.87 0.66 - 1.16
120 to 139 2,212 100 0.79 0.66 - 0.95
140 to 159 3,461 179 0.90 0.79 - 1.03
160 to 179 3,300 182 0.96 0.85 - 1.10
180 to 199 1,648 118 1.25 1.05 - 1.48
≥200 504 40 1.39 1.01 - 1.90

Central nervous system
BCS
0 133 78 10.24 7.83 - 13.41
1 177 76 7.50 5.79 - 9.71
2 367 85 4.05 3.24 - 5.06
3 227 44 3.39 2.47 - 4.63
4 1,130 83 1.28 1.04 - 1.58
5 10,506 352 0.59 0.54 - 0.63

No history of previous convulsion 10,271 594 1.01 0.98 - 1.05
History of previous convulsion 2,270 124 0.95 0.81 - 1.13

No prostration 11,412 401 0.61 0.58 - 0.66
Prostrated 1,126 317 4.92 4.45 - 5.43

No convulsion at admission 12,317 619 0.88 0.85 - 0.91
Convulsing at admission 223 98 7.69 6.14 - 9.63

not restless 12,176 658 0.94 0.92 - 0.97
Restless 363 60 2.89 2.22 - 3.75
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No neck stiffness 12,362 698 0.99 0.97 - 1.00
Neck stiffness 177 20 1.97 1.25-3.11

General findings
Temperature <36ºC 441 66 2.61 2.04 - 3.35
36 ºC to 37.4ºC 4,587 242 0.92 0.83 - 1.02
37.5ºC to 38.4ºC 3,299 207 1.10 0.97 - 1.23
38.5ºC to 39.4ºC 2,682 136 0.89 0.76 - 1.03
≥39.5 ºC 1,533 67 0.76 0.61 - 0.96

No severe malnutrition  
(whz>-3)**

8,356 473 0.97 0.93 - 1.01

Severe malnutrition (whz<=-3) 1,542 107 1.18 0.99 - 1.41

MUAC ≤ 11 cm*** 10,845 587 0.97 0.94 - 1.00
MUAC >11 cm 1,631 112 1.23 1.03 - 1.46

No visible wasting 11,200 604 0.94 0.91 - 0.97
Visible wasting 1,339 114 1.49 1.25 - 1.77
Laboratory Signs
Blood glucose <2.6 mmols/l 499 95 3.33 2.71 - 4.09
≥2.6 and ≤15 mmols/l 10,109 533 0.92 0.88 - 0.96
>15 mmols/l 1,934 90 0.81 0.67 - 0.99

Hemoglobin >4 g/dl 11,899 644 0.95 0.92 - 0.97
Hemoglobin ≤4 g/dl 643 74 2.01 1.60 - 2.53

** WHZ-Weight for height Z-score, ***MUAC-Mid upper arm circumference
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Table 2: Clinical crude predictors of hypoxemia for admissions age ≥60 days in multivariate analysis per system for signs 
likelihood ≥2 in univariate analysis

Sign Not hypoxemic Hypoxemic LR* 
(Univariate)

95% CI ALR** 
(Multivariate)

Respiratory signs
No cyanosis 12,513 673 0.94 0.92 - 0.96 0.94
Cyanosis 27 45 29.11 18.17 - 46.63 24.05

Regular respiration 12,347 645 0.91 0.89 - 0.94 0.94
Irregular respiration 191 73 6.67 5.15 - 8.65 3.67

No deep breathing 11,056 458 0.72 0.68 - 0.77 0.77
Deep breathing 1,482 260 3.06 2.75 - 3.41 2.44

Respiratory rate
≤60 11,158 545 0.82 0.79 - 0.86 0.88
>60 984 173 3.07 2.66-3.54 2.08

Cardiovascular signs
Normal pulse volume 11,866 561 0.83 0.79 - 0.86 0.88
Weak pulse volume 668 157 4.10 3.51 - 4.80 2.56

Capillary 
refill(sec)
<3 11,590 539 0.84 0.78 - 0.85 0.88
≥3  952 179 3.28 2.85 - 3.78 2.11

Heart rate 
<80 101 32 5.53 3.75 - 8.18 4.02
≥80 12,441 686 0.96 0.95 - 0.98 0.97

Central nervous system
BCS 
<3 904 283 5.47 4.90 - 6.11 2.14
≥3 11,638 435 0.65 0.62 - 0.69 0.83

No prostration 11,412 401 0.61 0.58 - 0.66 0.73
Prostrated 1,126 317 4.92 4.45 - 5.43 2.79

*LR likelihood ratio, **ALR adjusted likelihood ratio
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Table 3: Clinical crude predictors of hypoxemia in univariate analysis for admissions age 7 to 59 days 

Sign Not hypoxemic Hypoxic LR (Unvariate) 95% CI
Respiratory signs
No history of cough 459 20 0.51 0.35 - 0.75
History of cough 454 58 1.50 1.29 - 1.73

No history of breathing difficult 445 7 0.18 0.09 - 0.37
History of breathing difficult 468 71 1.78 1.62 - 1.95

No lower chest wall Indrawing 490 16 0.38 0.25 - 0.59
Lower chest wall Indrawing 423 62 1.72 1.50 - 1.96

No nasal flaring 734 37 0.59 0.47 - 0.75
Nasal flaring 179 41 2.68 2.09 - 3.44

No cyanosis 901 70 0.91 0.84 - 0.98
Cyanosis 12 8 7.80 3.29 - 18.52

Regular respiration 872 63 0.85 0.76 - 0.94
Irregular respiration 41 15 4.28 2.49 - 7.38

No deep breathing 807 60 0.87 0.77 - 0.99
Deep breathing 106 18 1.99 1.28 - 3.10

No crackles on auscultation 691 37 0.63 0.50 - 0.79
Crackles on auscultation 222 41 2.16 1.70 - 2.75

Respiratory rate <40 179 6 0.39 0.18 - 0.86
40 to 59 461 21 0.53 0.37 - 0.77
60 to 79 204 34 1.95 1.48 - 2.58
80 to 99 62 14 2.64 1.55 - 4.50
≥100 7 3 5.02 1.32 - 19.02

Cardiovascular signs
Normal pulse volume 869 67 0.90 0.82 - 0.99
Weak pulse volume 44 11 2.93 1.58 - 5.43

No pallor 834 65 0.82 0.82 - 1.01
Pallor 79 13 1.93 1.12 - 3.30

No temperature gradient 708 59 0.97 0.86 - 1.11
Temperature gradient 204 19 1.09 0.72 - 1.64



209273-L-bw-Mwaniki209273-L-bw-Mwaniki209273-L-bw-Mwaniki209273-L-bw-Mwaniki

CHAPTER 3 | TRiAgE AssEssmEnT FoR HyPoxEmiA

57

Capillary refill (sec)
≤1 546 30 0.64 0.48 - 0.86
2 311 34 1.28 0.98 - 1.67
3 43 11 2.99 1.61 - 5.57
≥4 13 3 2.70 0.79 - 9.28

Heart rate <100 9 8 10.41 4.13 - 26.21
100 to 119 24 5 2.44 0.96 - 6.21
120 to 139 95 4 0.49 0.19 - 1.30
140 to 159 238 24 1.18 0.83 - 1.68
160 to 179 297 15 0.59 0.37 - 0.94
180 to 199 169 14 0.97 0.59 - 1.59
≥200 68 6 1.16 0.58 - 2.30

Central nervous system
Responsive to painful stimuli 904 73 0.95 0.89 - 1.00
Unresponsive 9 5 6.50 2.23 - 18.93

Cries 896 73 0.95 0.90 - 1.01
Absent cry 17 5 3.44 1.31 - 9.08

No convulsion at admission 906 74 0.96 0.91 - 1.01
Convulsing at admission 7 4 6.69 2.00 - 22.35

Breastfeeding 794 41 0.60 0.49 - 0.75
Not breastfeeding 119 37 3.64 2.73 - 4.85

Not restless 881 65 0.864 0.78 - 0.95
Restless 32 13 4.755 2.61 - 8.68

No bulging fontanel 895 73 0.955 0.90 - 1.01
Bulging fontanel 18 5 3.251 1.24 - 8.52

General findings
Temperature <36ºC 51 10 2.30 1.21 - 4.34
36ºC to 37.4ºC 507 33 0.76 0.58 - 0.99
37.5ºC to 39.4ºC 330 33 1.17 0.89 - 1.54
≥39.5ºC 25 2 0.94 0.27 - 3.88

Born at term 889 75 0.99 0.94 - 1.03
Born prematurely 24 3 1.46 0.45 - 4.75
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Laboratory Signs
Blood glucose <2.6 mmols/l 52 12 2.70 1.51 - 4.84
≥2.6 and ≤15 mmols/l 750 58 0.91 0.79 - 1.04
>15 mmols/l 111 8 0.84 0.43 - 1.67

Hemoglobin ≥8 g/dl 876 71 0.95 0.88 - 1.02
Hemoglobin <8 /dl 37 7 2.21 1.02 - 4.80

Table 4: Clinical crude predictors of hypoxemia for children age 7 to 59daysin multivariate analysis per system for Signs 
likelihood ≥2 in univariate analysis

Sign Not 
hypoxemic

Hypoxemic LR
(univariate)

95% CI 95% CI
(Multivariate)

Respiratory signs and symptoms
No cyanosis 901 70 0.91 0.84 - 0.98 0.91
Cyanosis 12 8 7.80 3.29 - 18.52 7.02

Regular respiration 872 63 0.85 0.76 - 0.94 0.84
Irregular respiration 41 15 4.28 2.49 - 7.38 4.54

Respiratory rate 
<80 869 63 0.85 0.76 - 0.95 0.85
≥80 44 15 3.99 2.33 - 6.84 4.01

Cardiovascular signs
Capillary refill(sec) 
≤2 857 64 0.87 0.79 - 0.97 0.88
>2 56 14 2.93 1.71 - 5.01 2.78

Heart rate 
<100 9 8 10.41 4.13 - 26.21 9.70
≥100 904 70 0.91 0.84 - 0.98 0.91

Central nervous system 
Responsive to painful stimuli 904 73 0.945 0.89 - 1.00 0.973
Unresponsive 9 5 6.503 2.23 - 18.93 2.504

Cries 896 73 0.94 1.31 - 9.08 0.748
Absent cry 17 5 3.44 0.90 - 1.011 1.011

Breastfeeding 794 41 0.60 0.49 - 0.75 0.636
Not breastfeeding 119 37 3.64 2.73 - 4.85 3.194

Not restless 881 65 0.86 0.78 - 0.95 0.91
Restless 32 13 4.76 2.61 - 8.68 2.81
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Table 5: Clinical crude predictors of hypoxemia in unvariate analysis for admissions in the first week of life

Sign Not hypoxemic Hypoxemic LR (Unvariate) 95% CI
Respiratory signs and symptoms
No history of cough 826 186 0.98 0.94 - 1.03
History of cough 73 20 1.20 0.75 - 1.92

No history of breathing difficult 591 67 0.50 0.40 - 0.61
History of breathing difficult 308 139 1.97 1.73 - 2.25

No lower chest wall Indrawing 635 76 0.52 0.44 - 0.63
Lower chest wall Indrawing 264 130 2.15 1.86 - 2.49

No nasal flaring 804 145 0.79 0.72 - 0.86
Nasal flaring 95 61 2.80 2.11 - 3.72

No cyanosis 846 162 0.84 0.78 - 0.90
Cyanosis 27 45 3.56 2.45 - 5.16

Regular respiration 815 150 0.80 0.74 - 0.88
Irregular respiration  84 56 2.91 2.15 - 3.94

No deep breathing 826 156 0.82 0.76 - 0.89
Deep breathing 73 50 2.99 2.16 - 4.14

No crackles on auscultation 843 171 0.89 0.83 - 0.94
Crackles on auscultation 56 35 2.73 1.84 - 4.05

Respiration rate <40 205 43 0.92 0.68 - 1.23
40 to 59 459 66 0.63 0.51 - 0.77
60 to 79 186 64 1.50 1.18 - 1.91
80 to 99 39 24 2.69 1.65 - 4.36
≥100 10 9 3.93 1.62 - 9.54
Cardiovascular signs
Normal pulse volume 808 148 0.80 0.74 - 0.88
Weak pulse volume 91 57 2.75 2.05 - 3.69

No pallor 826 183 0.97 0.92 - 1.02
Pallor 73 23 1.38 0.88 - 2.14

No temperature gradient 729 130 0.79 0.71 - 0.88
Temperature gradient 170 74 1.92 1.53 - 2.41
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Capillary refill (sec) ≤1 493 71 0.63 0.52 - 0.77
2 292 65 0.97 0.78 - 1.21
3 86 43 2.18 1.56 - 3.05
4 18 14 3.39 1.72 - 6.71
≥5 10 13 5.67 2.52 - 12.76

Heart rate
<100 26 30 5.04 3.05 - 8.33
100 to 119 97 26 1.17 0.78 - 1.76
120 to 139 259 54 0.91 0.71 - 1.17
140 to 159 264 43 0.71 0.54 - 0.95
160 to 179 166 25 0.66 0.44 - 0.97
180 to 199 67 17 1.11 0.67 - 1.85
≥200 20 11 2.40 1.17 - 4.93

Central nervous system
Responsive to painful stimuli 869 169 0.85 0.78 - 0.91
Unresponsive 30 37 5.38 3.41 - 8.50

Cries 849 158 0.81 0.75 - 0.88
Absent cry 50 48 4.19 2.91 - 6.04

No convulsion at admission 888 204 1.00 0.987 - 1.02
Convulsion at admission 11 2 0.79 0.177 - 3.55

Breastfeeding 471 32 0.30 0.21 - 0.41
Not breastfeeding 428 174 1.77 1.62 - 1.94

Not restless 884 201 0.99 0.97 - 1.02
Restless 15 5 1.46 0.54 - 3.96

Other findings
Temperature <36ºC 252 100 1.73 1.45 - 2.06
36ºC to 37.4ºC 456 66 0.63 0.51 - 0.78
37.5ºC to 39.4ºC 137 20 0.64 0.41 - 0.99
≥39.5ºC 13 8 2.69 1.13 - 6.40

No history of birth asphyxia 808 144 0.78 0.71 - 0.85
History of birth asphyxia 91 62 2.97 2.24 - 3.95

No history of birth trauma 883 196 0.97 0.94 - 1.00
History of birth trauma 16 10 2.73 1.26 - 5.92

Born at term 732 157 0.94 0.86 - 1.02
Born prematurely 167 49 1.28 0.97 - 1.69
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Laboratory Signs
Blood glucose <2.6 mmols/l 289 59 0.89 0.70 - 1.13
≥2.6 and ≤ 15 mmols/l 520 126 1.06 0.94 - 1.12 
>15 mmols/l 90 21 1.08 0.65 - 1.60

Hemoglobin ≥8 g/dl 879 200 0.99 0.97 - 1.02
Hemoglobin <8 /dl 20 6 1.31 0.53 - 3.22

Table 6: Clinical crude predictors of hypoxemia for admissions in the first week of life in multivariate analysis per system 
for signs likelihood ≥2 in univariate analysis

Sign Not 
hypoxemic

Hypoxemic LR
(univariate)

95% CI ALR
(Multivariate)

Respiratory signs and symptoms
No cyanosis 846 162 0.84 0.7 - 0.90 0.86
Cyanosis 53 43 3.56 2.4 - 5.16 2.89

Regular respiration 815 150 0.803 0.74 - 0.88 0.84
Irregular respiration  84 56 2.909 2.15 - 3.94 2.29

Respiratory rate
<80 871 179 0.90 0.85 - 0.95 0.90
≥80 28 27 4.21 2.54 - 6.98 4.17

Cardiovascular signs
Capillary refill (sec)
≤2 785 136 0.76 0.68 - 0.84 0.75
>2 114 70 2.68 2.07 - 3.46 2.71
Heart rate
<100 11 14 5.55 2.56 - 12.06 5.88
≥100 888 192 0.94 0.91 - 0.98 0.94

Central nervous system
Responsive to painful stimuli 869 169 0.85 0.78 - 0.91 0.91
unresponsive 30 37 5.38 3.41 - 8.50 2.57

Cries 849 158 0.81 0.75 - 0.88 0.87
Absent cry 50 48 4.12 2.91 - 6.04 2.57

General findings
No History of Birth asphyxia 808 144 0.78 0.71 - 0.85 0.77
History of Birth asphyxia 91 62 2.97 2.24 - 3.95 3.05
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ABSTRACT

Background 

Meningitis is notoriously difficult to diagnose in infancy because its clinical features are non-specific. World 
Health Organization (WHO) guidelines suggest several indicative signs, based on limited data. We aimed to 
identify indicators of bacterial meningitis in young infants in Kenya, and compared their performance to the 
WHO guidelines. We also examined the feasibility of developing a scoring system for meningitis. 

Methods 

We studied all admissions aged <60 days to Kilifi District Hospital, 2001 through 2005. We evaluated clinical 
indicators against microbiological findings using likelihood ratios. We prospectively validated our findings 
2006 through 2007. 

Results 

We studied 2,411 and 1,512 young infants during the derivation and validation periods respectively. Dur-
ing derivation, 31/1,031 (3.0%) neonates aged <7 days and 67/1,380 (4.8%) young infants aged 7-59 days 
(P < 0.001) had meningitis. 90% of cases could be diagnosed macroscopically (turbidity) or by microscopic 
leukocyte counting. Independent indicators of meningitis were: fever, convulsions, irritability, bulging fonta-
nel and temperature ≥39ºC. Areas under the receiver operating characteristic curve in the validation period 
were 0.62 [95% CI: 0.49-0.75] age <7 days and 0.76 [95% CI: 0.68-0.85] thereafter (P = 0.07), and using the 
WHO signs, 0.50 [95% CI 0.35-0.65] age <7 days and 0.82 [95% CI: 0.75-0.89] thereafter (P = 0.0001). The 
number needed to lumbar puncture (LP) to identify one case was 21 [95% CI: 15-35] for our signs, and 28 
[95% CI: 18-61] for WHO signs. With a scoring system, a cut-off of ≥1 sign offered the best compromise on 
sensitivity and specificity.

Conclusion 

Simple clinical signs at admission identify two thirds of meningitis cases in neonates and young infants. Lum-
bar puncture is essential to diagnosis and avoidance of unnecessary treatment, and is worthwhile without 
cerebrospinal fluid (CSF) biochemistry or bacterial culture. The signs of meningitis suggested by the WHO 
perform poorly in the first week of life. A scoring system for meningitis in this age group is not helpful.

Keywords: Meningitis, “young infants”, neonates, “lumbar puncture”, “clinical signs”, “resource-poor”
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Background 

Meningitis, pneumonia and sepsis in neonates and young infants (age <60 days) are leading causes of child-
hood death in developing countries.1,2 These conditions have usually been studied collectively as ‘serious 
bacterial infections’. Penicillin and gentamicin, are recommended by the World Health Organization (WHO) 
where any of these three conditions are suspected.3 Meningitis is notoriously difficult to distinguish clinically 
in this age group because its features may be non-specific. In Bangladesh,4 more than a quarter of neonates 
with suspected sepsis; but without clinical signs of meningitis, had cerebrospinal fluid (CSF) findings sugges-
tive of meningitis. The recognition of meningitis is important given the high mortality and neuro-develop-
mental sequelae of the disease. The latter, may be higher in case of a missed diagnosis or partial/inadequate 
duration of treatment when an infant is managed for the less specific condition ‘neonatal sepsis’.5-7 

The WHO guidelines list ‘specific’ (convulsions, bulging fontanel) and ‘general’ (lethargy, coma, reduced feed-
ing, irritability, abnormal cry, apnoeic episodes) signs, advising lumbar puncture (LP) if any are present.3 
These guidelines are based on evidence from the WHO multicentre study of the aetiology of serious bac-
terial infections in young infants in low-income settings, and expert opinion.8-10 Independent predictors of 
serious bacterial infection identified in the multicentre study included feeding difficulty, lack of spontaneous 
movement, fever, agitation, lower chest wall indrawing, tachypnoea, grunting, cyanosis, convulsions, bulging 
fontanel and slow capillary refill.10 A reduced set of signs performed as well as those from the WHO study 
in predicting severe disease in young infants.11 However, in all these analyses, meningitis was grouped with 
bacteraemia, radiological diagnosed pneumonia, hypoxemia and death as ‘severe disease'. Furthermore, the 
WHO multicentre study included only 33 cases of confirmed meningitis in infants <60 days old, with only six 
in the first week of life. Hence, current guidelines for LP or presumptive treatment for meningitis among neo-
nates and young infants in developing countries are based on limited data. Furthermore, LP is an under-used 
investigation among children in Kenyan hospitals.12 This is partly because of the uncertainty of interpretation 
without full biochemical and microbiological analysis of CSF, which is lacking in most hospitals in the region.

We have previously identified clinical indicators of bacterial meningitis in children aged 60 days or more at 
our hospital in rural Kenya13 and the findings have been incorporated into Kenyan national policy.13,14 Here 
we report findings using similar methods among 2,411 young infants age <60 days during a four-year period 
validated using 1,512 young infant admissions over the subsequent two years, and examine the ‘specific’ 
and ‘general’ signs suggested by WHO.3 We also determined the proportion of cases of meningitis that could 
be diagnosed without CSF biochemistry or bacterial culture and calculated the number of LPs needed to be 
performed to identify one case of meningitis using our indicators and those suggested by WHO. Finally we 
examined the feasibility of developing a scoring system using the identified clinical indicators to determine 
need for LP and or presumptive treatment for acute bacterial meningitis. 

Methods

Location and patients 

We conducted the study at Kilifi District Hospital, Kenya. We prospectively collected data on all admissions to 
identify clinical indicators of meningitis from June 1st 2001 to July 31st 2005, and subsequently to validate the 
findings from January 1st 2006 to December 31st 2007. The hospital is located in a rural area on the Kenyan 
coast serving a population of ~240,000 who are mainly rural farmers. Malaria is endemic and children receive 
up to 120 infective mosquito bites per year. The government of Kenya introduced Infant vaccination against 
Haemophilus influenzae type b in December 2001. HIV infection is present in 6-8% of women attending the 
hospital antenatal clinic. There is little antibiotic pre-treatment before admission to hospital. 
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Procedures

We collected a standardized set of clinical and laboratory data (including a complete blood count and blood 
culture) from all young infants at admission.15 Clinical officers and junior doctors trained in the recognition of 
standardized clinical signs recorded their findings directly on a computer database at admission before any 
results from blood tests or LP were available. Clinical management protocols followed national and WHO 
recommendations.3,14 Consent for use of the data was obtained from the guardian of every child at the point 
of admission. The Kenyan National Ethical Review Committee approved the study.

The indications for LP were any suspicion of meningitis or sepsis; impaired consciousness, inability to breast-
feed or convulsions. We delayed LP if cardiac or respiratory compromise was present. Following admission, 
the clinical team reviewed all admissions at least once daily and performed an LP if they subsequently sus-
pected meningitis. Neonates and young infants with suspected invasive bacterial infection were treated with 
benzyl penicillin (50,000 units/kg every 6-12 hours, depending on age), plus gentamicin (3-7.5 mg/kg once 
daily depending on age and weight) as recommended by WHO.3 Antimicrobial therapy, including increased 
dosing with penicillin for meningitis, was guided by laboratory findings and clinical response. 

Cerebrospinal fluid (CSF) leukocyte count was determined with a modified Neubauer counting chamber. 
A Gram stain and latex agglutination antigen testing for Haemophilus influenzae type b and Streptococcus 
pneumoniae (Murex Diagnostics, UK) were performed if the CSF leukocyte count was >10 cells/μl.16 CSF 
was cultured using standard techniques: 20µl of CSF was inoculated onto plates of 7% horse-blood agar and 
5% chocolate agar and incubated at 36.5ºC for 18-24h. We further incubated plates without visible signs of 
growth for additional 24h. We discarded plates without growth at this stage. We processed blood cultures 
using a BACTEC® 9050 system instrument (Becton Dickinson, New Jersey, USA). Pathogens in CSF or blood 
culture were identified by standard techniques.15,17

For this analysis, we defined meningitis as a positive CSF culture, or a positive CSF latex agglutination test, 
or bacteria seen on Gram stain, or a CSF total leukocyte count ≥50 cells/µl. Since the cut-off of ≥50 cells/µl 
was previously derived for children age ≥60 days,16 we first confirmed its validity among neonates and young 
infants by constructing a receiver operating characteristic curve (ROC) for total CSF leukocyte count versus 
CSF culture positivity (Figure 1). The area under the curve was 0.90 [95% CI 0.83-0.97]. The point of maximum 
discrimination was at 54 leukocytes/μl. The positive predictive value (PPV) of ≥50 cells/µl for a positive cul-
ture was 15% [95% CI 9.4-20.0], negative predictive value (NPV) 99.7% [95% CI 99.5-99.9]. Where CSF culture 
was negative but the CSF leukocyte count was ≥50 cells/µl and the blood culture was positive, we regarded 
the bacterial species isolated from blood culture as the organism causing meningitis.

Statistical analysis 

We excluded from the analysis infants who died before an LP was performed, because we could not be cer-
tain of their meningitis status. We classified those in whom we did not perform an LP, but were discharged 
home well as not having meningitis. We analysed data from neonates in the first week of life separately 
because we hypothesized that both the aetiology and the clinical signs may differ. We investigated the diag-
nostic values of individual clinical features by examining their positive and negative likelihood ratios (LR) for 
meningitis. Variables found to have crude LRs of ≥1.5 or ≤0.67 were regarded as potentially useful and were 
adjusted for the potential confounding effects of related variables in a multivariate analysis according to the 
method of Spiegelhalter and Knill-Jones.13,18,19 We regarded as independent clinical indicators and retained 
variables with adjusted likelihood ratios (aLR) of ≥1.5 or ≤0.67 

We derived practical screening rules from the indicators identified in descending strength of their adjusted 
positive LR. We then evaluated these rules by calculating the area under the ROC curves for the derivation 
and validation data sets. In order to examine the feasibility of developing a scoring system for meningitis, 
we constructed simplified scores by assigning points approximating to the natural logarithm of the adjusted 
likelihood ratio for each indicator. Where potential for a negative score existed, we added a constant. We also 
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evaluated these scores by calculating the area under the ROC curves for the derivation and validation data 
sets. In addition, ROC curves were used to determine the cut off value with the best sensitivity and specific-
ity in discriminating between those with or without meningitis. The negative predictive value (NPV) and the 
positive predictive value (PPV) were also calculated.

Before undertaking the analysis, we used the method of Hanley and McNeil to determine that the validation 
dataset was sufficiently large to reject a null hypothesis of no prediction (ROC area = 0.5), for areas of ≥0.6.20 
ROC areas were compared using the STATA command roccomp for independent datasets, which returns a chi-
squared statistic.21 For other comparisons, we compared proportions using the chi-squared test with Fishers 
exact test where appropriate. We finally calculated the number of LPs we needed to perform to identify one 
case of meningitis using our signs and those suggested by WHO. We did this by subtracting the risk of men-
ingitis in the group with indicator(s) of interest from that of the group without indicators of interest in order 
to obtain the absolute risk difference/reduction. The inverse of this value is the number of LPs we needed 
to perform to indentify a single case of meningitis.22 We performed all analysis using STATA 9.2 (Stata Corp. 
USA).

Results

Of 2,877 young infants admitted in the derivation period, 1,415 (49%) were age <7 days and 1,462 (51%) 
were aged 7-59 days. 2,360 (82%) were delivered at home. Among those admitted in the first week of life, 
half were of low weight: 269 (19%) weighed <1.5 Kg and 427 (31%) were between 1.5 and 2.5 Kg. Among 
infants who died, an LP was not performed in 381/447 (85%) infants admitted in the first week of life and 
85/128 (66%) infants aged 7 to 59 days. Most deaths occurred within 48 hours and 40% of all deaths were 
among neonates admitted on the first day of life. Amongst those weighing <1.5 Kg, overall case fatality was 
63%, mainly due to prematurity and birth asphyxia. Thus, 466 neonates and young infants died before an LP 
was performed and were excluded from the analysis, leaving 2,411 neonates and young infants: 1,031 (43%) 
in the first week of life and 1,380 (57%) aged 7 to 59 days. The flow chart of patients included in the study 
and the number having an LP is as shown (Figure 2).

Meningitis was diagnosed less frequently in the first week of life than at 7-59 days: 31 (3.0%) vs 67 (4.8%) 
(P < 0.001). The commonest bacterial species were Streptococcus pneumoniae, Group B Streptococcus and 
Haemophilus influenzae (Table 1). Overall, 27/98 (28%) meningitis cases could have been diagnosed by visual 
inspection of a turbid CSF and a further 61 (62%) by microscopic CSF leukocyte counting. A positive blood cul-
ture was found in 70/98 (71%) cases of meningitis. The case fatality ratios for young infants with meningitis 
were 8/31 (26%) in the first week of life and 12/67 (18%) after the first week (P = 0.37). 

Amongst infants in the first week of life, 316/1,031 (31%) had a history of fever including 24/31 (77%) of 
those with meningitis (Table 2). The crude LRs for history of fever or convulsions (partial or generalised) 
suggested that these might be useful indicators. The absence of a history of fever was strongly associated 
with the absence of meningitis. Of examination findings, agitation, bulging fontanel, and axillary temperature 
were the only variables to have crude LRs suggestive of predictive value (Table 3). 12/31 (38.7%) cases on 
meningitis had the specific signs of convulsion or bulging fontanel. Place of delivery (home or hospital) was 
not significantly associated with meningitis.

When adjusted in a multivariate model, a history of fever, history of convulsions, irritability, bulging fontanel 
and an axillary temperature ≥39ºC remained independent predictors of meningitis. Importantly, in the multi-
variate analysis, lack of a history of fever was strongly associated with the absence of meningitis. A simplified 
scoring system was constructed from these signs. The minimum possible score was 0 with a maximum of 6 
(Table 4). 26/361 (7.2%) infants in the first week of life presenting with one or more of fever, convulsions, irri-
tability, a bulging fontanel or an axillary temperature ≥39ºC had meningitis compared to 5/670 (<1%) without 
any of these signs (P < 0.001): sensitivity 84%, specificity 67%, PPV 7.2% and NPV 99.3%. Among infants in the 
first week of life with one or more of the signs of meningitis in young infants suggested by the current WHO 
guidelines, 24/509 (4.7%) had meningitis compared to 14/522 (2.7%) without any of these signs (P = 0.07).
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Amongst young infants outside the first week of life, 62/67 (93%) with meningitis had a history of fever. The 
absence of fever strongly predicted the absence of meningitis (Table 3). Variables with a crude positive like-
lihood ratio ≥1.5 were convulsions, inability to feed, neck stiffness, bulging fontanel, irritability, absence of 
spontaneous movements, abnormal or absent cry and high axillary temperature. On multivariate analysis, 
history of fever, convulsions, bulging fontanel, agitation/irritability, and axillary temperature remained inde-
pendent indicators of meningitis. Likewise these variables had a similar score (Table 4). 63/986 (6.4%) infants 
age 7 to 59 days presenting with one or more of fever, convulsions, irritability, a bulging fontanel or an axillary 
temperature ≥39°C had meningitis compared to 4/394 (1%) without any of these signs (P < 0.001): sensitivity 
94%, specificity 30%, PPV 6.3% and NPV 99.0% for meningitis. Among infants, age 7 to 59 days with one or 
more of the WHO suggested signs of meningitis, 29/232 (12.5%) had meningitis compared to 38/1,140 (3.3%) 
without any of these signs (P < 0.001): sensitivity of 43%, a specificity of 84.4%, PPV 12.5% and NPV 96.6%. 

Among both age groups, the scoring system using our signs, the best compromise on sensitivity and specific-
ity was achieved with just a cut-off ≥1; ROC 0.79 (95% CI 0.75-0.84) sensitivity 90.8%, specificity 45.6% and 
did not differ between the first week of life or thereafter (p = 0.8). The WHO recommended signs had an ROC 
of 0.68 (95% CI 0.63-0.73) with a sensitivity 70.4%, specificity 61.9%.

Validation

1,678 consecutively admitted neonates and young infants, of whom 900 (54%) were admitted in the first 
week of life and 778 (46%) aged 7-59 days were admitted during the validation period. Of these, 166 (10%) 
(141 during the first week of life and 25 thereafter) died without an LP and thus only 1,512 were included for 
validation. Overall 1,109 (66%) were born at home. During this period LPs were performed in 501/759 (66%) 
of neonates aged <7 days and 532/753 (71%) of those aged 7 to 59 days. The overall proportion having an LP 
was greater in the validation period than in the derivation period (P < 0.001).

Meningitis was present in 63 (4.2%), 15/759 (2.0%) in the first week of life and 48/753 (6.4%) from 7-59 days. 
This prevalence of meningitis did not differ to from the derivation period either in the first week of life or 
7-59 days (P = 0.45 & 0.13). 

The overall area under the ROC curve for predicting meningitis with the indicators we had identified was 
0.75 (95% CI 0.68-0.82). The area was (0.62 (95% CI 0.49-0.75)) in the first week of life and (0.76 (95% CI 
0.68-0.85)) after the first week of life. This difference did not reach statistical significance (�2 = 3.24, P = 0.07). 
The overall area under the ROC curve for the signs suggested by WHO was 0.74 (95% CI 0.67-0.81). It was 
significantly different (0.50 (95% CI 0.35-0.65)) in the first week of life compared to (0.82 (95% CI 0.75-0.89)) 
after the first week of life, (�2 = 14.69, P = 0.0001). The overall sensitivity using the signs we derived (78%), 
was not significantly different from the (70%) for the WHO signs. Likewise when applied the devised simpli-
fied scoring system to the validation data set, the best compromise on sensitivity and specificity was similarly 
achieved with just a cut-off ≥1; sensitivity 77.8%, specificity 55.2%. 

Overall, one case of meningitis would be identified for every 21 (95% CI 15-35) infants who received an LP 
or presumptive treatment on the basis of the signs we found compared to 28 (95% CI 19-61) using the WHO 
recommended signs (Table 5). 

Discussion

Lumbar puncture with CSF microscopy, biochemical, and microbiological analysis is the only means of accu-
rately diagnosing meningitis in young infants. We aimed to independently identify simple indicators of men-
ingitis that could be used as a practical screening tool to detect infants that warrant a LP and to evaluate the 
signs suggested by WHO.3,12,13,16 We also determined the feasibility of developing a simplified scoring system 
for diagnosing meningitis in neonates and young infants. We found that ‘specific’ signs of convulsion(s) and 
bulging fontanel were relatively specific, but insensitive. We found no evidence that the WHO ‘general’ signs 
of drowsiness, lethargy, unconsciousness, or reduced feeding were predictive of meningitis. Amongst clinical 
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features not included in the WHO guidelines, we found a history of fever or a measured temperature ≥39ºC 
to be useful indicators of meningitis. Importantly our finding that a cut-off of just ≥1 on a simplified scoring 
system offered the best compromise on sensitivity and specificity suggested that a scoring system may not 
be desirable, rather that any neonates or young infant with any one of the indicators indentified should be 
fully investigated for meningitis. 

The sensitivity of our signs and the WHO signs was similar to that we previously found among older chil-
dren,13 suggesting that meningitis may not be more difficult to identify in young infants. Importantly, our find-
ing that 15 to 35 newborns and young infants need to be evaluated by LP to diagnose one case of meningitis 
highlights the burden the disease in our setting compared to a developed country where 30 to 90 newborns 
may need to be evaluated to diagnose one case.23 Overall both our signs and those suggested by WHO had 
low specificity. However, given the seriousness of meningitis, and challenges in diagnosis and management 
especially in resource poor regions, clinical indicators with good sensitivity, which may encourage a low 
threshold for performing LP while retaining reasonable specificity are desirable.

The clinical indicators that we found did not differ from those found in infants aged 7-59 days, nor was 
there evidence that these clinical indicators performed differently in the first week of life. Our data suggest 
that LP or empirical treatment for meningitis should be done among infants in the first week of life who are 
sufficiently ill to require hospital admission and are found to have any one of the following clinical signs or 
complaints of a bulging fontanel, an history of convulsion(s), measured axillary temperature ≥39ºC, agitation 
or irritable or report a history of fever. Infants with respiratory or circulatory compromise should receive 
parenteral antibiotics and an LP should be performed later to determine the duration of therapy. It is worth 
noting that the area under the ROC curve in the validation period using the WHO suggested signs did not sig-
nificantly differ from chance (ROC area 0.5) for this age bracket. This suggests that the WHO signs may largely 
not be able to discriminate between those with or without meningitis in the first week of life. 

In young infants’ age between 7 and 59 days old, there were few cases of meningitis in the absence of a his-
tory of fever. The presence of one or more of four clinical features: a history of fever, a bulging fontanel, irri-
tability, convulsions, or an axillary temperature ≥39ºC identified 85% of the cases of meningitis at admission. 
The lower sensitivity of the signs suggested in the WHO guidelines3 may reflect the fact that in 8/48 (17%) 
meningitis cases in the validation period, the only predictive clinical sign was a history of fever. It has previ-
ously been observed that rules requiring the presence of fever plus another sign result in loss of sensitivity,10 
our results support this and suggest that neonates and young infants requiring admission and with either 
history of fever or measured axillary temperature ≥39ºC should be evaluated by LP for meningitis.

We are encouraged that the clinical signs that we identified are contained within the set of 14 signs predic-
tive of sepsis identified from data collected in the WHO multicenter study and were specifically associated 
with meningitis.8-10 The principal differences were the inclusion of a history of fever and the exclusion of 
drowsiness, lethargy, coma or reduced feeding, which were not independently predictive. 

Importantly, given the lack of microbiological laboratory resources at most hospitals in a rural African setting, 
clinicians may consider LP not worthwhile. However, we found that 90% of cases of meningitis in this age 
group are identifiable macroscopically or by basic CSF leukocyte counting. This underscores the value of un-
dertaking LP in the absence of full biochemical or microbiological laboratory facilities. 

Limitations

We did not perform LPs in infants with compromised respiratory or circulatory status and many infants died 
before LP was undertaken. It is therefore likely that we missed meningitis in some of these cases, especially 
on the first day of life and amongst those with very low birth weight (although all sick newborns infants did 
receive appropriate intravenous broad-spectrum antibiotics for presumed sepsis as standard policy). We 
excluded these cases, but it may have reduced the predictive value of the signs we examined. Future studies 
should explore acceptability of post mortem LPs in resource poor nations, as this may aid in acquiring more 
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robust data. Ajayi and Mokoulu reported from Nigeria that meningitis was rare in the first week of life. How-
ever in their study, three times fewer LPs were done in infants in the first 72 hours of life.24 Secondly, our 
study lacked data on maternal and obstetric factors that might predict meningitis. However, the yield from 
performing LPs in infants in the first week of life with only maternal risk factors has previously been found 
to be low.25 Thirdly, our findings are only from one site. It is thus plausible that the findings from this part of 
sub-Saharan Africa are not directly applicable to other areas of the world.

Conclusions

In many hospitals in sub-Saharan Africa, neonates and young infants are initially assessed and treated by 
staff with little specific training or experience in neonatal or young infant care. Although clinical signs pre-
dictive of severe illness in this age bracket have been identified, previous studies did not specifically address 
meningitis.26 Given that we found meningitis in only 1 in 21 investigated cases, building capacity and willing-
ness to undertake LPs and perform basic CSF microscopy is critical. This may also be cost saving by avoiding 
unnecessary extended antibiotic treatment and inpatient stay in the majority of infants who do not have 
meningitis. Importantly, continuous inpatient review is vital because one third of cases of meningitis are not 
recognised at admission. Any neonate or young infant with any one of the indicators indentified should be 
fully investigated. Where LP is initially contra-indicated, empirical treatment for meningitis should be started 
in newborns and young infants, and LP conducted as early as possible to determine the duration of antibiotic 
therapy.
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Figure 1: Receiver operating characteristic curve of CSF total leukocyte count as a predictor of microbiologically con-
firmed meningitis in Kenyan neonates and young infants. 

Legend:- 

A = 10 leukocytes per μl
B = 50 leukocytes per μl
C = 100 leukocytes per μl
D = 500 leukocytes per μl

Figure 2: Flow chart of study participants.
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Table 1: Bacterial species found in Kenyan neonates and young infants with meningitis. 

 Derivation period  Derivation period

First 
week of 
life

Age 7 to 
59 days

First 
week of 
life

Age 7 to 
59 days

TOTAL

Gram positive
Streptococcus pneumoniae 1 10 0 5 16
Group B Streptococci ** 2 5 0 6 13
Group A Streptococci 0 2 0 3 5
Group D Streptococci 1 0 1 0 2
Streptococcus viridans 0 0 1 1 2
Staphylococcus aureus 1 0 0 1 2
Gram positive cocci* 1 1 0 1 3
Gram positive rods 0 0 2 2 4
Clostridium difficile 0 0 0 1 1
Gram negative
Haemophilus influenzae 1 6 0 1 8
Enterobacter sp. 3 2 0 0 5
Non-typhoidal Salmonella sp. 0 3 0 4 7
Escherichia coli ** 0 2 1 0 3
Pseudomonas aeruginosa ** 1 1 0 0 2
Psedomonas cepacea 0 0 0 1 0
Klebsiella pneumoniae 1 1 0 1 3
Acinetobacter sp. 1 1 0 0 2
Aeromonas sp. 1 0 0 0 1
Kluyvera sp. 1 0 0 0 1
Vibrio cholera 1 0 0 0 1
Neisseria meningitidis 0 1 0 0 1
Shigella sp. 0 1 0 0 1
Gram negative rods* 1 1 0 0 1
No organism isolated*** 15 31 10 21 77

Total 32 68 15 48 163
 
* seen on Gram stain, but blood and CSF cultures and antigen tests were negative.
** One child grew E. coli and Group B Streptococci and another grew Pseudomonas aeruginosa and Acineto-
bacter sp. 
 in CSF the total is therefore 54 isolates from 98 cases of meningitis in the derivative period. 
*** diagnosis based on CSF leukocyte count (see text). 



209273-L-bw-Mwaniki209273-L-bw-Mwaniki209273-L-bw-Mwaniki209273-L-bw-Mwaniki

CHAPTER 4 | CLINICAL INDICATORS OF NEONATAL BACTERIAL MENIGITIS

76

Table 2: Crude likelihood ratios for meningitis for items of clinical history amongst neonates and young infants in the 
derivative period.

First week of life Age 7 to 59 days

Sample 
size

Without 
meningitis

With 
meningitis

Crude LR Sample 
size

Without 
meningitis

With
meningitis

Crude LR

Fever 1,031 No 708 7 0.30 1,341 438 5 0.22
Yes 292 24 2.65 866 62 1.40

Vomiting 787 No 714 24 1.00 1,380 1,212 63 1.02
Yes 48 1 0.78 101 4 0.78

Any
convulsions 

1,031 No 937 24 0.81 1,380 1,213 42 0.68
Yes 63 7 3.58 100 25 4. 90

Partial 
convulsions

1,018  No 984 15 0.92 1,380 1,286 59 0.90
yes 16 3 6.05 27 8 5.81

Able to breast 
feed

1,031 No 407 24 1.31 1,372 55 9 1.92
Yes 593 7 0.56 1,250 58 2.83

Born in hospital 1031 No 632 25 1.28 1,373 1055 63 1.14
yes 368 6 0.53 250 5 0.39
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Table 3: Crude likelihood ratios for meningitis of items of clinical examination amongst neonates and young infants in 
the derivation period. 

First week of life Age 7 to 59 days

Sample 
size

Without 
meningitis

With 
meningitis

Crude LR Sample 
size

Without 
meningitis

With 
meningitis

Crude LR

Neck stiffness 1,031 NO 995 31 1.01 1,380 1,285 60 0.92
YES 5 0 - 28 7 4.90

Bulging fonta-
nel

1,031 NO 990 26 0.85 1,380 1,300 56 0.84
YES 10 5 16.13 13 11 16.58

Abnormal cry 
or none 

1031 NO 949 30 1.02 1,380 1,287 65 0.99
YES 51 1 0.63 26 2 1.51

Irritability 1031 NO 988 29 0.95 1,380 1,267 57 0.88
YES 12 2 5.38 46 10 4.26

Spontaneous 
movements

1,031 NO 27 0 - 1,390 13 3 4.52
YES 973 31 1.07 1,300 64 0.97

Drowsy, lethargic 
or unconscious

1,031 NO 782 21 0.87 1,380 1,153 51 0.87
YES 218 10 1.48 160 16 1.96

Capillary refill 
seconds

1,031 <3  866 30 1.12 1,380 1,234 63 1.00
≥3 134 1 0.24 79 4 0.99

Weight(kg) 1,029 <1.5 115 0 - 1,370 36 0 -
1.5-1.99 127 3 0.76 96 8 1.62
2-2.49 195 6 0.99 152 12 1.54
≥2.5 561 22 1.26 1,019 47 0.90

Axillary 
temperature °C

1,031 <36 248 7 0.91 1,380 82 3 0.72
36–37.4 546 8 0.47 752 24 0.63
37.5–38.9 188 12 2.06 397 24 1.19
≥39 18 4 7.17 82 16 3.82
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Table 4: Multivariate adjusted likelihood ratios for indicators of meningitis amongst neonates and young infants in the 
derivation period with simplified scores. 

Adjusted Likelihood Ratios Simplified scores

Indicator First Week of 
Life

Age 7 to 59 
days

First week of 
life

Age 7 to 59 
days

History of Fever No 0.41 0.29 -1 -1
Yes 2.16 1.32 1 0

History of convulsions No 0.90 0.72 0 0
Yes 2.03 3.89 1 1

Bulging fontanel No 0.88 0.88 0 0
Yes 8.46 8.56 2 2

Irritability No 0.96 0.96 0 0
Yes 3.83 1.91 1 1

Axillary temperature ºC <36 0.94 0.78 0 0
36 - 37.4 0.62 0.70 0 0
37.5 - 38.9 1.59 1.14 0 0
≥39 3.57 2.76 1 1

constant +1
Composite total 6 6
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Table 5: Overall performance of indicators of meningitis among neonates and young infants in the validation period

Indicators Number 
with 
indicator

Number 
with 
meningitis

Sensitivity % Specificity % PPV % NPV % N.N.LP* 95% CI

Bulging fontanel 24 11 17.5  
(9.5 to 25.4)

99.1  
(98.7 to 99.5)

45.8  
(25.0 to 67.0)

96.5  
(96.2 to 96.8)

2 1 to 5

Convulsions 
or any of the above 128 31 49.2 

(34.9 to 66.7)
93.3 
(92.7 to 94.1)

24.2  
(17.2 to 32.8)

97.7  
(97.0 to 98.5)

5 3 to 7

Axillary temp ≥39ºC 
or any of the above

187 34 54.0 
(38.1 to 73.0)

89.4  
(88.8 to 90.3)

18.2 
(12.8 to 24.6)

97.8 
(97.1 to 98.7)

7 5 to 11

Agitation/irritability 
or any of the above

205 35 55.7 
(39.7 to 74.6)

88.3 
(87.6 to 89.1)

17.1 
(12.2 to 22.9)

97.9 
(97.1 to 98.7)

7 5 to 11

History of fever or any 
of the above

738 49 77.8 
(58.7 to 93.7)

52.5  
(51.2 to 53.1)

6.6  
(5.0 to 8.0)

98.2  
(96.6 to 99.5)

21 15 to 35

One or more of the 
WHO suggested signs

636 44 69.8  
(50.8 to 92.1)

59.1 
(58.3 to 60.1)

6.9  
(5.0 to 9.1)

97.8  
(96.5 to 99.4)

28 18 to 61

One or more of the 
WHO suggested signs 
plus history of fever

1,113 55 87.3 
(65.0 to 100)

27  
(26.0 to 27.5)

4.9  
(3.7 to 5.7)

98  
(94.5 to 100)

42 24 to 154

All admissions 1,512 63 100 0 - - - -
 

N.N.LP* Number of lumbar punctures needed to identify one case of Meningitis
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Abstract

Background

Bacterial sepsis is thought to be a major cause of young infant deaths in low-income countries, but there are 
few precise estimates of its burden or causes. We studied invasive bacterial infections (IBIs) in young infants, 
born at home or in first-level health units (“outborn”) who were admitted to a Kenyan rural district hospital 
during an 8-year period.

Methods

Clinical and microbiologic data, from admission blood cultures and cerebrospinal fluid cultures on all outborn 
infants aged less than 60 days admitted from 2001 to 2009, were examined to determine etiology of IBI and 
antimicrobial susceptibilities.

Results

Of the 4,467 outborn young infants admitted, 748 (17%) died. Five hundred five (11%) had IBI (10% bacte-
remia and 3% bacterial meningitis), with a case fatality of 33%. The commonest organisms were Klebsiella 
spp., Staphylococcus aureus, Streptococcus pneumoniae, Group B Streptococcus, Acinetobacter spp., Es-
cherichia coli, and Group A Streptococcus. Notably, some blood culture isolates were seen in outborn neo-
nates in the first week of life but not in inborns: Salmonella, Aeromonas, and Vibrio spp. Eighty-one percent 
of isolates were susceptible to penicillin and/or gentamicin and 84% to ampicillin and/or gentamicin. There 
was a trend to increasing in vitro antimicrobial resistance to these combinations from 2008 but without a 
worse outcome.

Conclusions

IBI is common in outborn young infants admitted to rural African hospitals with a high mortality. Presumptive 
antimicrobial use is justified for all young infants admitted to the hospital.

Key Words: Neonatal sepsis, bacteremia, meningitis, antibiotic resistance, Africa

Abstract word count: 238
Manuscript word count: 2902
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Introduction

Millennium Development Goal 4 is to reduce the number of child deaths by two thirds of the 1990 level to 
31 per 1000 live births by 2015.1 However; neonatal mortality has fallen at a slower rate than early child mor-
tality.2 Consequently about half of all childhood deaths in developing countries occur in the neonatal period. 
Global neonatal mortality is estimated at 30 per 1000 live births.3 Bacterial infections are thought to be the 
second most important cause worldwide accounting for 26% of the deaths, but in countries with the highest 
neonatal mortality rates, infection may account for a greater proportion.4 Furthermore, because these coun-
tries lack microbiology laboratory facilities, there are few data on the causative organisms.

Most studies in these countries have been conducted in tertiary centers in urban areas,5–12 but the majority 
of children are born in the community in rural areas,13 often outside hospital. A review of 14 studies of the 
bacterial etiology of young infant sepsis noted that the setting influences the pattern of causative agents 
and antimicrobial susceptibility.14 In many published reports, it is not possible to tell whether the infection 
occurred after delivery at home or in hospital or was a nosocomial infection.

One important study of community-acquired young infant sepsis was the World Health Organization (WHO) 
Young Infant Study, carried out in 1990-1993 in 4 countries (Papua New Guinea, Philippines, The Gambia, and 
Ethiopia).15-17 Among infants with proven bacterial infection, Gram-positive organisms were more common 
than Gram negative, but this study had only 31 isolates from the first week of life.15 A retrospective study of 
801 isolates from 784 neonates in a tertiary referral hospital in Malawi also found that Gram-positive organ-
isms predominated.18 Neither of these studies differentiated between those born in hospital or at home. A 
previous study in Kilifi, Kenya, of community-acquired bacteremia in pediatric admissions from August 1998 
to July 2002 found a prevalence of 12.8% in young infants aged less than 60 days.19 The most common iso-
lates were Escherichia coli (14%) and Group B Streptococcus (11%). A recent review highlighted the paucity 
of antimicrobial resistance data for infections in young infants from community-based studies and the need 
for further data from different developing countries to determine prevalence of resistant strains and time 
trends.20

We examined the prospectively collected data on all pediatric admissions to Kilifi District Hospital from 2001. 
We aimed to study the etiology, antimicrobial sensitivity, and an outcome of invasive bacterial infections 
(IBIs) in neonates and young infants born outside hospital aged less than 60 days to provide data on the bur-
den of disease in a rural area.

Methods

Kilifi District Hospital is situated in a rural area on the Kenyan coast. It is a government district hospital, pro-
viding first-referral level care for a population of 250,000 who are mainly subsistence farmers. Primary care 
facilities in the district are limited. Immunization with conjugate Haemophilus influenza type b vaccine was 
introduced in November 2001. There is no routine immunization with conjugate pneumococcal vaccine. A 
Kenya Medical Research Institute research center is located at the hospital. Government-employed clinical 
officers in the outpatient department, working independently of the inpatient research team, referred chil-
dren for admission. Sick neonates were also admitted directly from the maternity department.

There is a 35-bed pediatric ward and a 7-bed pediatric high dependency unit, and more than 5000 children 
are admitted every year. In the maternity unit, approximately 3500 deliveries occur each year. In 2000, 9.8% 
of women attending the hospital antenatal clinic were infected with HIV, declining to 6.6% by 2009.
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Clinical Methods

Clinical officers and junior doctors were trained in the recognition of standardized clinical signs and recorded 
their findings directly on a computer database before any results from blood tests or lumbar puncture (LP) 
were known. Weight was measured using an electronic scale (Weylux, London, UK), which was checked for 
accuracy and consistency weekly. Routine HIV antibody testing of all pediatric admissions was commenced 
in late 2006.

We defined IBI as bacteremia (the presence of a positive blood culture) and/or acute bacterial meningitis 
(a positive cerebrospinal fluid [CSF] culture or a positive CSF latex agglutination test, bacteria seen on Gram 
stain, or a CSF total leukocyte count ≥50 cells/µL).19

Clinical research staff provided 24-hour clinical care, supervised by consultant pediatricians. Interventions 
available include oxygen, intravenous fluids, antibiotics, phototherapy, exchange transfusion, and nasogastric 
tube feeding; but not parenteral nutrition, mechanical ventilation, or umbilical arterial catheterization. Cen-
tral venous cannulation was only used for exchange transfusion. Neonates and young infants with suspected 
IBI were treated with benzylpenicillin (50,000 units/kg every 6-12 hours, depending on age) plus gentamicin 
(3-7.5 mg/kg once daily depending on age and weight) until June 2008 when new hospital guidelines were 
introduced, and ampicillin (50 mg/kg every 8-12 hours, depending on age) and gentamicin were used. In 
alteration, the antimicrobial therapy, including increased dosing with penicillin for meningitis, was subse-
quently guided by microbiologic findings and the response to the treatment.

Lumbar Puncture Policy

The indications for LP were any suspicion of meningitis or sepsis; impaired consciousness; inability to breast 
feed, or convulsions. The LP was delayed, when the infant had hemodynamic instability or severe respiratory 
distress. Admissions were reviewed at least daily, and an LP was subsequently performed if meningitis was 
suspected.

Sampling and Laboratories

On admission, blood was drawn from the child and inoculated aseptically into a BACTEC PedsPlus culture 
bottle (Becton Dickinson, NJ). Blood culture samples were processed by a BACTEC 9050 instrument (Becton 
Dickinson, NJ). Positive blood and CSF samples were cultured on 5% horse blood agar and chocolate agar. 
API biochemical galleries (Biomerieux, Louvres, France) and/or serology were used to confirm suspected 
pathogens. The CSF leukocyte count was determined manually with a modified Neubauer counting chamber. 
Gram stain and latex agglutination antigen testing for Haemophilus influenzae type b and Streptococcus 
pneumoniae (Murex Diagnostics, UK) were performed if the CSF leukocyte count was >10 cells/µL. Antibiotic 
sensitivity tests were performed using the British Society for Antimicrobial Chemotherapy method. Antimi-
crobial susceptibility patterns were determined using breakpoints for zone sizes; these guidelines were up-
dated every year. All laboratory procedures were internally controlled, and external quality monitoring was 
achieved through the UK National External Quality Assessment Service (Colindale, UK).

Analysis

We analyzed data from all young infants (age <60 days at admission) from January 1, 2001, to December 31, 
2009. Data from admission blood cultures or CSF culture at any time (since LP was delayed if contraindicated 
at admission) were used. Proportions were compared using the �2 test with Fisher exact test or �2 test for 
trend where appropriate. Neonates aged less than 7 days at admission were analyzed separately to look for 
differences in bacterial etiologies in early- and late-onset sepsis. Analysis was performed using STATA 9.2 
(Stata Corp, College Station, TX).
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RESULTS

General

There were 58,414 pediatric admissions during the study period; of whom, exactly 7,000 were young infants 
aged less than 60 days. From 2007 to 2009, 118 of young infants (4.7%) admitted had antibodies to HIV. 
Blood cultures were not performed in 188 (3%) young infants (case fatality 26%), and these infants were 
excluded from further analysis. The remaining 6,812 young infants accounted for 12% of all admissions and 
27% of deaths on the pediatric ward during the period of study. Forty-two percent were female. Overall, 
1,148 (17%) young infants died, and the mortality was highest in the youngest age groups: 24% days 0 to 6, 
8% days 7 to 28, and 6% days 29 to 59 (�2 for trend P < 0.001). Place of birth was recorded in 98% of these 
young infants; 32% were born in hospital, including 53% of those admitted on the first day and 44% in the 
first week. The proportion of young infants born in hospital increased from 24% in 2001 to 47% in 2009 (�2 
for trend P < 0.001).

Characteristics of Young Infants Born Outside Hospital

The 4,467 outborn young infants had a similar prognosis to those born in hospital: 17% in each group died 
during admission (�2 P = 0.8). Outborn infants admitted in the first week of life had the highest case fatality: 
26% compared with 9% in the late-neonatal period and 6% in the second month of life. Despite the same 
overall case fatality, inborns had lower mortalities in each of the respective age groups: 21%, 4%, and 5%, 
because fewer outborn young infant admissions were admitted in the first week of life (48%) compared with 
77% of the outborns (�2 P < 0.001).

IBI in Outborns

Of the total 4849 blood cultures performed on outborns, 1,118 (23%) grew organisms regarded as contami-
nants: coagulase-negative Staphylococci (n=710), Bacillus spp (n= 389), Micrococcus spp (n=15), and Coryne-
forms (n=4). Young infants with these organisms had a mortality of 15% compared with 14% mortality in 
those with no bacterial growth from blood cultures (3250 cultures) �2 P = 0.69.

IBI was found in 505 (11%) of outborn neonates and infants younger than 60 days. There was a statistically 
non-significant trend of decreasing IBI with age (�2 trend P = 0.06). IBI was detected in 165 (22%) of all deaths 
in outborn neonates and young infants. The overall case fatality for IBI was 33% and was highest among 
neonates admitted in the first week of life: 44% days 0 to 6, 20% days 7 to 28, and 23% days 29 to 59 (�2 for 
trend P < 0.001). IBI was more common among outborn (11%) compared with inborn young infants (5%) �2 
P < 0.001. There was no discernible seasonal pattern of admission with IBI.

Bacteremia

In the outborn young infants, 449 (10%) had a positive blood culture, and the frequency decreased with age 
(Table 1) (�2 for trend P < 0.02). The case fatality was 37% accounting for 22% of all young infant deaths. The 
case fatality decreased with age (�2 trend P < 0.001).

In the young infants with a positive blood culture, 474 organisms were cultured. Twenty-five infants had 2 
different organisms. Gram-negative organisms were found in 56% of positive blood cultures. Gram-negative 
organisms were more common than Gram positive in the first week of life, thereafter Gram positive organ-
isms were more common.

Of the Acinetobacter isolates identified, 8 were of the Acinetobacter baumannii/calcoaceticus complex, 
which is potentially more likely to include clinically significant pathogens. The case fatality in these infants 
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was 38% (3/8) compared with 18% (7/40) (Fisher exact test P = 0.3) in infants with bacteremia with other 
Acinetobacter species.

There was a significant increase in bacteremia in infants born at home (10%) compared with those born in 
hospital (6%) �2 P < 0.001. Some organisms isolated from blood cultures from outborn infants were not seen 
in hospital born infants (Table 2).

Meningitis

Among 2,140 (48%) young infants who had LPs performed, 152 (7% of those who had an LP, 3% of young 
infants) had meningitis (3% for days 0 to 6, 5% days 7 to 28, and 4% for days 29 to 59 [�2 for trend P = 0.03]. 
There were 86 positive CSF cultures (4% of LPs), 1 infant had 2 organisms on CSF culture. A further 7 infants 
had positive CSF antigen tests or organisms seen on Gram stain. In 60 infants, the CSF WBC was >50 cells/µL, 
but no organisms were seen on Gram stain nor grown on CSF culture, and CSF antigen tests were negative. 
None of these infants died. Bacterial meningitis was found in 16% of infants with a positive blood culture, and 
15% of those with positive blood cultures also had a positive CSF culture. 

Table 3 describes the organisms isolated on CSF culture in outborns. Among all infants with meningitis, 45% 
had positive blood cultures, and among those with positive CSF cultures, 78% had positive blood cultures. 
The overall case fatality of those with meningitis was 19%.

Antimicrobial Resistance in Outborns

Antimicrobial susceptibilities to 6 common organisms are shown in Table 4. All Staphylococcus aureus blood 
culture isolates were susceptible to methicillin. The sensitivities of all isolates tested to antibiotic combina-
tions penicillin/gentamicin (Kenyan Ministry of Health policy 20) and ampicillin/gentamicin (WHO guidelines 
21) were compared and found to be similar: 81% versus 84%. There was a reduction in sensitivity of isolates 
to the ampicillin/gentamicin combination during the study period: only 66% of blood culture isolates tested 
in 2009 were susceptible compared with 88% in 2001 (�2 for trend P < 0.001) 

There was no discernible change in resistance to gentamicin in Escherichia coli isolates over time, but from 
2007, more than 50% of Klebsiella spp. isolates were resistant rising to 73% in 2009. There was no significant 
association of antimicrobial resistance with fatal outcome (odds ratio for death associated with penicillin/
gentamicin resistance was 1.12 [95% confidence interval {CI} 0.69-1.84] and for ampicillin/gentamicin resist-
ance was 1.19 [95% CI 0.72-1.98]). When the effect of ampicillin/gentamicin resistance on deaths occurring 
more than 48 hours after treatment was calculated, there was no significant difference (odds ratio for death 
1.16 [95% CI 0.68-1.96, P = 0.59]). There was no significant difference in resistance before and after the first 
week for either ampicillin/gentamicin (early 17%, late 11%, Fisher exact test P = 0.16) or penicillin/gentamicin 
(early 23%, late 16%, Fisher exact test P = 0.17).

DISCUSSION

Bacterial infection is an important cause of admission to hospital and death among outborn young infants. 
Confirmed IBI accounted for 11% of admissions and 22% of deaths. This is the largest series of blood and CSF 
cultures from young infants admitted to an African hospital, with 4,849 blood cultures and 2,140 CSF cultures 
performed in outborns. The culture rate was high, and the microbiologic techniques were reliable.
 
One limitation of our data collection was that we did not have information on whether those born outside 
hospital were home births or were delivered in dispensaries or health centers. It is unlikely that dispensaries 
would harbor multidrug resistant strains.
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The most common organisms isolated on blood culture were Escherichia coli, Staphylococcus aureus, Acine-
tobacter, and Streptococcus pneumoniae. Gram-negative organisms comprised 56% of those cultured from 
blood. This differs from the WHO Young Infant16 and the Malawian18 studies where Gram-positive organisms 
predominated. This may be because our study had a higher proportion of subjects presenting in the first 
week: 48% compared with 8% in the WHO study.15 In the first week of life, Gram-negative organisms were 
more common than Gram positive. 

Aquatic Gram-negative organisms Aeromonas spp. And Vibrio spp. were isolated from blood and CSF in those 
admitted in the first week of life from those born at home; neither of these found in isolates from hospital 
born neonates. These systemic infections may be related to the poor quality of drinking water and the prac-
tice of giving prelacteal feeds, but further research is required to elicit the risk factors. An Australian study 
reported that the seasonal pattern of clinical isolates showed a correlation with the level of Aeromonas con-
tamination of the metropolitan water supply.21

Salmonella was another important genus only isolated from blood cultures of outborn infants, which suggest-
ed that environmental hygiene may play a part in determining the etiology of IBI in this group. In a study of 
non-typhoid multidrug-resistant Salmonella infections in children in an urban environment in Nairobi, which 
genotyped organisms from infected children, their families, and their immediate environment, the authors 
did not find a major reservoir in animals or food from their homes and concluded that human-to-human 
transmission was a possible mechanism.22 The most important Gram-positive organisms in our study were 
Staphylococcus aureus, Streptococcus Group A, Streptococcus pneumoniae, and Streptococcus Group B. 
Streptococcus Group B was more common than in the WHO study16 but less common than in the Malawian 
study.18 Prevalence in different settings is important for evaluating possible infection prevention strategies.

Antimicrobial Resistance

The WHO recommended that first-line antibiotics for empiric treatment of neonatal sepsis are ampicillin and 
gentamicin and second line are cefotaxime and gentamicin unless there is infection of the skin or umbilicus, 
when cloxacillin is substitutedfor ampicillin.23 Two Cochrane reviews of treatment of early- and late-onset 
neonatal sepsis concluded that there were few randomized clinical trials of antibiotics in this age group and 
that there was no evidence, which is the best regimen.24,25 We found that the WHO regimen of ampicillin and 
gentamicin covered 84% of the organisms isolated in the young infants in our study but that since 2008, the 
susceptibilities seem to be decreasing. Penicillin and gentamicin together cover 81% of isolates from young 
infants in Kilifi. The study in Malawi18 found a similar coverage: 78% of all isolates tested, but they noted a 
lower sensitivity of Klebsiella spp. to gentamicin, 33% compared with 51% in our study. A population-based 
study of community-acquired neonatal bacteremia in Bangladesh found similar levels of sensitivity to tri-
methoprim-sulfamethoxazole (52%, 14/27) as similar to our study (56%) but lower sensitivity to the ampicil-
lin and gentamicin combination (21/30 isolates 70%).26

We found that antimicrobial resistance to ampicillin/gentamicin was not associated with worse outcomes. 
Our situation differs from other parts of the world where reports of studies, which included hospital acquired 
infections, have concluded that increasing antimicrobial resistance means that the combination of β-lactam 
antibiotics and gentamicin is no longer appropriate to treat the organisms associated with neonatal sepsis. 
Ongoing surveillance is required to monitor the consequences of changes in antimicrobial resistance.

CONCLUSIONS

Our district hospital-based study of 4,467 outborn young infants with blood culture results confirms that IBI 
is a significant cause of morbidity and mortality in outborn young infants. The burden of long-term sequelae 
is not known. We believe that the presumptive use of antibiotics is justified for all admissions in this age 
group.
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Table 1: Isolates from Blood Cultures in Young Infants Aged ≤60 day Born Outside Hospital 

Table 2: Comparison of Blood Culture Isolates rom Young Infants Born In and Out of Hospital
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Table 3: Organisms Identified in CSF Samples in Outborn Young Infants Aged Less Than 60 da

Table 4: Antimicrobial sensitivities in young infants aged less than 60 days born outside hospital- percentage (no. of 
isolates tested)

Pen = penicillin/oxacillin, Amp = ampicillin, Gent = gentamicin, Chlor = chloramphenicol Cef = cefotaxime, 
TMP-SMX = trimethoprim-sulfamethoxazole
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Abstract

Background

Bacterial sepsis is thought to be a major cause of neonatal morbidity and mortality in resource poor coun-
tries, however there are few precise estimates of its burden or causes. Most of the studies reported from 
tertiary urban centers invariably present data from those born in the hospital and the community, making it 
difficult to delineate differences between inborn and outborn sepsis. However organisms in the two groups 
differ and may have different patterns of sensitivity. We therefore studied invasive bacterial infections (IBI) 
amongst neonates born in hospital with an aim of describing the burden of neonatal sepsis in that group. 

Methods

We examined data from blood cultures and cerebrospinal fluid cultures on all neonates admitted to a rural 
Kenyan District Hospital from 2002 through 2009 to determine aetiology of IBI and antimicrobial sensitivities. 

Results

During the study period 1,848 neonates born in hospital required admission and 366 (19.8%) died. Blood 
cultures were performed in 1,767(96%) and 91 (5.2%) of these had proven IBI. The minimum incidence of IBI 
was (5.6 [95% CI 4.6-6.9]) per 1000 live births at the hospital compared to 10.7 [95% CI 9.1-11.3]) per 1000 
live births among those born in the community. The most common organisms were Group B Streptococcus, 
Staphylococcus aureus, Escherichia coli, and Klebsiella spp. 84% of isolates were sensitive to penicillin and/
or gentamicin and 84% to ampicillin and/or gentamicin. There was a reduction in sensitivity of isolates to the 
ampicillin/gentamicin combination over the study period: only 69% of blood culture isolates tested in 2009 
were sensitive compared to 100% in 2002 (�2 for trend p < 0.009). Resistance to ampicillin/gentamicin among 
isolates from hospital born neonates was higher than that among those born in the community for the first 
fourteen days of life (�2 p = 0.006). Resistance was however not associated with a worse inpatient outcome 
despite use of ampicillin with gentamicin as first line therapy.

Conclusions

Antimicrobial resistance was more common amongst hospital born neonates than those delivered in the 
community. There is a worrisome trend of in-vitro resistance which warrants continuous surveillance and 
critical re-evaluation of antimicobial regimens for presumptive treatment of neonatal sepsis in resource poor 
countries. 
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What is already known on this subject?

· Bacterial infections are a leading cause of neonatal morbidity and mortality in resource poor 
nations.

· Most neonates with suspected sepsis in resource poor nations are put on presumptive anti-
biotics due to limited laboratory diagnosis to target treatment

What this study adds?

· Incidence of bacterial sepsis is significantly lower among hospital born neonates compared to 
those born in the community; however the isolates are more likely to be resistant

· There is an increase in in vitro resistance to ampicillin/gentamicin combination among bacte-
rial isolates of neonates admitted to a rural district hospital in Kenya with nearly a quarter of 
all isolates from neonates admitted within the first week of life resistant.

· Critical re-evaluation of antimicobial regimens for presumptive treatment of neonatal sepsis 
in resource poor countries is needed

Introduction 

Nearly half of all childhood deaths occur in the neonatal period.1-3 The high neonatal mortality in resource 
poor countries remains a major impediment to fulfilling the fourth millennium development goal.3 World-
wide, bacterial infections are thought to be the second most important cause of morbidity and mortality 
during the neonatal period, accounting for nearly a third of the deaths.1,4 However, in countries with the 
highest neonatal mortality rates, infection may account for a greater proportion.1,2,4 Neonatal sepsis is also 
an important cause of neurological impairment in children.5 Furthermore, an increasing number of neonates 
in RPC are now delivered in hospitals.6 However, because these countries lack microbiology laboratory facil-
ities, there are few data on the causative organisms of sepsis in such cohorts. Therefore although evidence 
suggests that the setting influences the pattern of causative organisms in this age group, in many published 
reports on bacterial sepsis from RPC, it is not possible to tell whether the infection occurred following de-
livery at home or in hospital, or was a nosocomial infection.7-9 A key study focusing largely on community 
acquired young infant sepsis, was the World Health Organization (WHO) Young Infant Study, carried out in 
1990-1993 in 4 countries (Papua New Guinea, Philippines, The Gambia and Ethiopia). It showed Gram-posi-
tive organisms were more common than Gram-negatives.10-12 A major limitation of this study is the fact that it 
only had 31 neonates from the first week of life, despite this being the period of highest mortality. Secondly, 
the information is more than a decade old. To address this, we have recently published data on sepsis among 
community born neonates admitted to our centre, reporting a preponderance of Gram-negative organisms 
especially in the first week of life.13 

Overall there is growing evidence that the burden of health care acquired infections in RPC is increasing.14,15 
However, most of these data are based on cohorts of older children and adult population. Furthermore, 
studies on neonatal sepsis in RPC have been conducted in large tertiary institutions in urban centres, and 
usually data on infants born in the hospital is not separated from data on infants born in the community 
who subsequently present for admission.8,16 There is thus a paucity of data on both bacterial pathogens and 
antimicrobial resistance patterns among neonates born in rural district health facilities in RPC particularly in 
sub-Saharan Africa. Such data are critical given the continuous drive to increase skilled hospital deliveries 
in most of the developing countries which may inadvertently lead to a preponderance of nosocomial infec-
tions. Thus we examined prospectively collected data on all neonates born in hospital and admitted to Kilifi 
District Hospital from 2002 to 2009, to study the aetiology, antimicrobial sensitivity and outcome of invasive 
bacterial infections among neonates born in hospital and provide data on the burden of inborn sepsis in a 
rural area in Kenya.
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Methods

Location

We conducted the study at Kilifi District Hospital, Kenya. This is a government district hospital, providing first 
level referral care to a population of approximately 250,000 who are mainly subsistence farmers. There is 
a 35-bed pediatric ward and a 7-bed pediatric high dependency unit and over 5,000 children are admitted 
each year. In the maternity between 1,500 to 3,000 deliveries occur annually.17,18 HIV infection is present in 
6 to 8% of women attending the hospital antenatal clinic. The KEMRI-Wellcome Trust Research Programme 
is located at the hospital.17 This centre has developed a prospective and continuous inpatient surveillance 
system aimed at describing the causes and features of common illnesses in a rural resource poor district 
hospital setting long-term. 

Government-employed clinical officers in the outpatient department, working independently of the inpatient 
research team, refer children for admission. In addition, sick neonates are admitted directly from the mater-
nity department. Consent for use of the data was obtained from the guardian of every child at the point of 
admission. The Kenya National Scientific and Ethical Review Board approved this study (SCC protocol 1592).
 

Admission procedures and clinical methods

At admission and discharge/death, trained clinicians collect and enter standardized clinical and laboratory 
data directly into a computer database. A venous blood sample is routinely drawn for a full blood count, 
blood glucose, electrolytes and microbiological culture. We considered a diagnosis of meningitis in all neo-
nates presenting with any one of: drowsiness, lethargy, reduced feeding, high-pitched cry, irritability, apneic 
episodes, a bulging fontanel, unconsciousness or seizures according to the World Health Organization (WHO) 
guidelines,19 and where not contraindicated, performed a lumbar puncture (LP). The LP was delayed if the 
infant had hemodynamic instability or severe respiratory distress, but performed as soon as it was deemed 
safe. Admission weight was measured using an electronic scale (Weylux, London, UK), which was checked for 
accuracy and consistency weekly. Routine HIV antibody testing of all pediatric admissions was commenced in 
late 2006 according to national guidelines. 

The clinical research team provides 24-hour clinical care, supervised by consultant pediatricians. Available 
interventions include oxygen, intravenous fluids, antimicrobials, phototherapy, exchange transfusion and 
nasogastric tube feeding, but not parenteral nutrition, mechanical ventilation nor umbilical arterial catheter-
ization. All neonates at admission were routinely treated for suspected sepsis with benzylpenicillin (50,000 
units/kg every 6 to 12 hours, depending on age), plus gentamicin (3 to 7.5 mg/kg once daily depending on 
age and weight). From June 2008 the hospital guidelines were changed, with ampicillin (50 mg/kg every 8-12 
hours, depending on age) used instead of benzylpenicillin. Alteration of the antimicrobial therapy was subse-
quently guided by microbiological findings and the response to treatment. 

For the purpose of this study we defined a neonate as any child admitted at age 28 days or younger.20 We 
further defined invasive bacterial infection (IBI) as bacteremia (the presence of a positive pathogenic blood 
culture) and/or acute bacterial meningitis (a positive cerebrospinal fluid (CSF)) culture.21 We also considered 
all neonates with a positive CSF latex agglutination test, or bacteria seen on Gram stain or a CSF total leuko-
cyte ≥50 cells/µl to have acute bacterial meningitis even if the cultures were negative.21

Laboratory methods

Blood culture samples were inoculated aseptically into BACTEC® PedsPlus culture bottles (Becton Dickinson, 
New Jersey, USA) and processed by a BACTEC® 9050 instrument (Becton Dickinson, New Jersey, USA). We cul-
tured positive blood and CSF samples to horse blood agar and chocolate agar. We then used API® biochemical 
galleries (Biomerieux, Louvres, France) and/or serology to confirm suspected pathogens. We determined 
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CSF leukocyte counts manually with a modified Neubauer counting chamber. We performed Gram stain and 
latex agglutination antigen testing for Haemophilus influenzae type b and Streptococcus pneumoniae (Murex 
Diagnostics, UK) on all CSF samples where the CSF leukocyte count was >10 cells/µl. Finally we performed 
antimicrobial susceptibility tests using the British Society for Antimicrobial 

Chemotherapy (BSAC) method “disk diffusion”. All laboratory procedures were internally controlled and ex-
ternal quality monitoring was achieved through the UK National External Quality Assessment Service (Colin-
dale, UK). 

Analysis

We analyzed data from all neonates from 1 January 2002 to 31 December 2009. Proportions were compared 
using the �2 test with Fishers exact test or �2 test for trend where appropriate. Neonates’ ≤48 hours old, 3 
to 7 days old, 8 to14 days old and 15 to 28 days old were analyzed separately to examine any differences in 
bacterial pathogens or antimicrobial resistance patterns. To calculate the minimum incidence of IBI among 
neonates born at the hospital, live births that occurred at the hospital during the study period were used as 
the denominator. Given the estimates that only 40% of births in our setting occur at hospital, we used this 
to calculate the total births, and then applied this as the denominator to estimate the minimum incidence of 
IBI among neonates born in the community. Analysis was performed using STATA® 11.0 (Stata Corp, College 
Station, TX).

Results 

General

There were 5,114 neonatal admissions during the study period, of whom 2,987 (58.4%) were male. Overall, 
1,848 (36.1%) of the neonates were born in hospital, including 51.4% of those admitted within 48 hours of 
life, and 28.4% of those seen in the first week. The proportion of neonates born in hospital increased from 
25.0% in 2002 to 45.1% in 2009 (�2 for trend p < 0.001). The age (median [IQR]) in days at admission was (3 
[0-9]). Hospital born neonates were significantly younger (P < 0.001) and heavier (P < 0.001) at admission to 
the ward. In total 1,011 (19.8%) of neonatal admissions died. The case fatality was highest in the youngest 
age groups: 28.5% ≤48 hours, 17.6% days 3-6, 8.3% days 7-28 (�2 for trend p < 0.001). The inpatient case 
fatality rate among neonates born in hospital did not differ from that of those born outside hospital (�2 
p = 0.96). However only 36.4% of those born in the community were admitted within the first 48 hours of life, 
compared to 68.0% of those born in hospital (�2 p = 0.04).

Blood cultures were not performed in 175 (3.4%) of the neonates (case fatality 39.4%). The age in days (me-
dian [IQR]) of neonates without blood cultures was (0 [0-3]) with median inpatient admission duration being 
16.8 hours. We excluded these neonates from any further analysis. A total of 4,939 neonates, of whom 1,767 
(35.8%) were born in hospital were thus available for analysis. This group had an inpatient case fatality of 
19.1%. 

Bacterial infection among those born in hospital

Of the 1,767 cultures done, 354 (19.9%) grew organisms regarded as contaminants: coagulase negative Staph-
ylococci (n=212), 132 Gram positive rods (Bacillus species and coryneforms), alpha-haemolytic streptococci 
(n=5) and Micrococcus spp (n=5). Neonates with these organism had a case fatality rate of 15.1% compared 
to 19.4% in those with no bacterial growth from blood cultures (�2= 3.6, p = 0.06). 
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We found IBI in 91 (5.2%) of neonates who had blood culture, with total of 94 organisms isolated (Table 1). 
Of the neonates with IBI, 48 (52.7%) were aged ≤48 hours, 15 were 3-6 days old, and 28 were 7-28 days old. 
The trend of decreasing IBI with age was significant (�2 for trend p < 0.02). Overall, the minimum incidence 
of IBI was (5.6 [95% CI 4.6-6.9]) per 1000 live births; (3.0 [95% CI 2.2-3.9]) per 1000 live births in the first 48 
hours, (0.9 [95% CI 0.5-1.5]) per 1000 live births in the next 3 to 7 days of life, and (1.7 [95% CI 1.2-2.5]) in 
the rest of the neonatal period. 

The minimum incidence of IBI among community born neonates was 10.7 [95% CI 9.1-11.3]) per 1000 live 
births. The incidence was (3.3 [95% CI 2.7-3.9]) per 1000 live births in the first 48 hours, (3.0 [95% CI 2.4-3.7) 
per 1000 live births in the next 3 to 7 days of life, and (3.9 [95% CI 3.3-4.6]) in the rest of the neonatal period. 
The incidence of IBI among hospital born neonates was significantly lower than that among community born 
neonates (p < 0.0001)

We detected IBI in 19 (5.8%) of those who died compared to 72 (5.0 %) of survivors (�2 = 0.34, p 0.53). The 
overall case fatality for IBI was 20.9%, and was highest among neonates admitted in the first week of life: 
29.2% ≤48 hours, 20.0% days 3-7, and 4.6% days 8-28 (�2 for trend p < 0.02). However the overall case fatality 
of those with IBI (20.9%), did not differ from those without (18.4%) �2 = 0.34, p 0.56. The prevalence of IBI 
among these neonates did not significantly change over the study period (�2 for trend p = 0.60). 

Bacteremia

Of these admissions, 85 (4.8%) had a positive blood culture and the frequency significantly decreased with 
age, (Table 1) (�2 for trend p = 0.004). The case fatality was 22.5%, and it decreased with age (�2 for trend 
p < 0.001). However bacteremia was detected in only 4.9% of inpatient neonatal deaths. 

Among those with a positive blood culture, 88 organisms were isolated. Overall, Gram-positive organisms 
were found in 46 (52.0%) of the isolates. There was a slight preponderance of Gram-positive isolates after 
the first week of life 14 (56.0%). 

Of the 10 Acinetobacter isolates identified, 4 were of the Acinetobacter baumannii/calcoaceticus complex 
which is potentially more likely to include clinically significant pathogens. Out of these four, three died. None 
of the neonates with the other species of Acinetobacter (A. lwoffii, A. radioresistens, A. Haemolyticus & A. 
junii) died. There was no significant change in the prevalence of bacteremia of those born within hospital 
over the study period (�2 for trend p 0.85). 

Meningitis

Among 708 (38.3%) neonates who had lumbar punctures performed, 12 (1.7% of those who had an LP, 0.7% 
of all inborn neonatal admissions) had meningitis (0.2% for <48hours, 0.7% day 3-6 and 2.3% for day 7-28 (�2 
for trend p = 0.001)). There were 10 positive CSF cultures (1.4% of LPs). Two other neonates had CSF WCC 
≥50 cells/µl, but no organisms were seen on Gram stain nor grown on CSF culture. Bacteremia was found in 6 
(50.0%) of neonates with meningitis. However, only 7 (7.7%) of these neonates with a positive blood culture 
also had a positive CSF culture. Table 1 describes the organisms isolated on CSF culture. 

Antimicrobial resistance 

Antimicrobial susceptibility of the common organisms is shown in Table 2. All Staphylococcus aureus blood 
culture isolates were sensitive to methicillin. The susceptibility of all isolates tested to antibiotic combina-
tions penicillin/gentamicin (Kenyan Ministry of Health policy22) and ampicillin/gentamicin (WHO guidelines19) 
was compared and found to be similar: 84.3% versus 83.5%. There was a reduction in susceptibility of iso-
lates to the ampicillin/gentamicin combination over the study period: only 69.3% of blood culture isolates 
tested in 2009 were susceptible compared to 100.0% in 2002 (�2 for trend p < 0.009). The trend in reduction 
of susceptibility to the penicillin/gentamicin combination was similar (�2 for trend p < 0.008). There was no 
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discernible change in resistance to gentamicin in E.coli isolates (>90% susceptible) or Pseudomonas aerugi-
nosa (>80%) were susceptible to gentamicin. However, over 80% of the Klebsiella spp. isolates were resistant 
to gentamicin. Nearly a quarter of all isolates from these neonates admitted within the first 48 hours of life 
were resistant to ampicillin/gentamicin antibiotic combinations. All the resistant Klebsiella isolates were also 
among neonates admitted within 48 hours after hospital delivery. Overall resistance to the above antibiotic 
combinations decreased with increasing age at admission (�2 3.81 p = 0.05). Resistance to ampicillin/gen-
tamicin among isolates from hospital born neonates remained significantly higher than that among those 
born in the community for the first fourteen days of life (�2 8.5 p = 0.01). From the second week of life, resist-
ance patterns to ampicillin/gentamicin among hospital born neonates did not significantly differ from that 
among the community born neonates (�2 0.43 p = 0.81) (see Figure 1).

There was no significant association of antimicrobial resistance with inpatient death (OR for death associated 
with penicillin/gentamicin resistance was 1.24, (95% CI 0.30, 5.19) and for ampicillin/gentamicin resistance 
was 1.46, (95% CI 0.35, 6.16). When we controlled for the duration of hospitalization, the effect of resistance 
to ampicillin/gentamicin on deaths remained insignificant (OR for death 0.19 (95% CI 0.03, 1.47 p = 0.11). 

Discussion

Bacterial infections are an important cause of morbidity and mortality among neonates in resource poor 
regions.1,2,7,8 Although descriptions of sepsis among community born neonates have been published,10,11,13 
sepsis in hospital born cohorts of neonates in resource poor nations is poorly documented. In our series, 
confirmed IBI was found in 5.2 % of hospital born neonates, with the minimum incidence of IBI among births 
at the hospital estimated at (5.6 [95% CI 4.6-6.9]) per 1000 live births. An infective organism was isolated in 
5.5% of the deaths. This is the largest series of blood and CSF cultures from hospital born neonates admitted 
to an African rural hospital, with 1,767 blood and 708 CSF cultures performed. The culture rate was high, and 
the microbiological techniques were reliable.

We found that the minimum incidence of IBI amongst hospital born neonates was much lower compared 
to those delivered in the community 10.7 [95% CI 9.1-11.3]) per 1000 live births in our setting.13 This may 
highlight a significant advantage for health facility deliveries. However it is also possible that exposure to 
antibiotics among mothers delivering in hospital may be much more prevalent. Although data on antibiotics 
usage during labour in RPC is scanty, one study in Tanzania found that nearly 10% of mothers who deliver in 
hospital are given antibiotics. The common reasons for antibiotic usage that were documented in that study 
included: – prolonged duration of labour with foetal distress, Caesarean sections and maternal fever among 
others.23 It is therefore plausible that antibiotic usage during labour may mask the true burden of culture 
documented sepsis among cohorts of hospital born neonates. Polymerase chain reaction (PCR) techniques, 
in addition to routine cultures, may prove useful in describing the true burden of sepsis especially among 
cohorts of neonates born in hospital.24,25

The most common organisms isolated on blood culture were: Streptococcus Group B (GBS), Staphylococcus 
aureus, Escherichia coli, Klebsiella spp and Streptococcus Group D. Although there was a slight preponder-
ance of Gram positive isolates, Gram positives and Gram negative organisms were isolated in almost equal 
proportions. This differs from our recent publication on sepsis among community born neonates and young 
infants where gram-negative organisms predominated.13 To some extent, the spectrum of sepsis in our hos-
pital born cohort appears to be similar to The WHO Young Infant11 and the Malawian26 studies where Gram 
positive organisms predominated. This is surprising considering that >60% of the cases in our cohort were 
admitted within the first week of life compared to 8% in the WHO study.11 

Conspicuously, we did not isolate any aquatic Gram negative organisms such as Aeromonas spp. or Vibrio spp 
from our inborns. These isolates were found in our community cohort.13 In general it is thought that these 
infections may be related to poor drinking water quality and the practice of giving pre-lacteal feeds.27 How-
ever, it is notable that even among hospital born neonates requiring admission after an extended period of 
community stay (beyond the first week of life), none of these organisms were found. Likewise, Salmonellae 
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sp. was another important genus isolated from our community born cohort that was absent from our hospi-
tal born cohort. 

The most important Gram positive organisms in our study were GBS and S. aureus. GBS was also prevalent 
in our community newborn sepsis cohort.13 A previous study in Malawi also highlighted the significance 
of Group B Streptococcus in neonatal sepsis.28 Although GBS was less prevalent in the WHO young infant 
study,11 our study provides further evidence that GBS could be an increasing cause of neonatal infections in 
developing nations. It also highlights the need for further research on the epidemiology of GBS, and preven-
tion strategies in sub-Saharan Africa. 

Although recent reviews found that there were few available studies to inform choices of regimens for treat-
ment of early or late onset neonatal sepsis,29,30 we found that the WHO recommended regimen of ampicillin 
and gentamicin covered 84% of the organisms isolated. Importantly all S. aureus isolates were methicillin-sen-
sitive. We however observed a significant trend of increasing in-vitro resistance to ampicillin/gentamicin an-
timicrobial combination. We reported the same trend in our community born cohort of neonatal and young 
infant sepsis.13 Importantly Klebsiella spp, which accounted for close to 10% of all the pathogenic organisms 
we isolated, were uniformly resistant to both the above antimicrobial combinations and largely multi-drug 
resistant. Overall, we noted a higher level of resistant to ampicillin/gentamicin combination among hospital 
born neonates admitted within fourteen days of life, thereafter the resistance pattern did not significantly 
differ from that of the community born neonates. This suggests that isolates from the former maybe hospital 
acquired (nosocomial) while the later are community acquired. 

Theoretically, the increasing in-vitro resistance to the current WHO guidelines suggests that a combination 
of beta-lactam antibiotics and gentamicin may no longer be sufficient to treat the organisms associated with 
neonatal sepsis, especially among hospital born neonates and in general among neonates admitted within 
the first two weeks of life irrespective of the place of birth in RPC. However, we found that antimicrobial 
resistance to ampicillin/gentamicin was not associated with worse in patient outcomes, and this may signify 
retention of in vivo sensitivity. It may also suggest that change of treatment guidelines without evidence in 
better outcome could potentially lead to increased spectrum of resistance. This scenario may be even more 
worrisome in resource poor settings where increasing awareness may be leading to significant rise in hospital 
deliveries and increase in pre-labor and intra labor exposure to antibiotics.6,23 

One limitation of our study is that we did not systematically collect data on obstetric factors that may predict 
sepsis. However a recent study in the same region identified no maternal risks factors among neonates who 
had culture proven sepsis.31 

Conclusion

This study confirms that invasive bacterial infection is an important cause of morbidity among neonates born 
in hospital. Presumptive use of antimicrobials is justified for all admissions in this age group irrespective of 
the place of delivery. There is a worrisome trend of in-vitro resistance warrants continuous surveillance. Bac-
terial isolates from neonates requiring admission within two weeks following hospital deliveries are more 
likely to be resistant to standard ampicillin/gentamicin combinations. Studies aimed at informing the perfor-
mance of different antimicrobial combinations during the neonatal period in general and especially among 
those born in hospital are needed. Additionally, such studies should aim at documenting not only the imme-
diate inpatient outcome, but also examine long term neurodevelopmental outcomes.
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Figure 1: Resistant to Ampicillin-Gentamicin combinations

Age_category

1≤ 48hours, 2: 3-7 days, 3: 8-14 days, 4: 15-28 days 

Table 1: Isolates from Blood & CSF cultures among hospital born neonates
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Table 2: Antimicrobial susceptibility. Number tested (percentage susceptible)

Pen Amp Gent Chlor Cef Cotrim Cotrim & 
Gent

Pen & 
Gent

Amp & 
Gent

S. aureus (n=17) 17 (17.7) 17 (17.7) 17 (100) 17 (82.4) - 17 (76.5) 17 (100)* 17 (100)* 17 (100)*
Group B Strepto-
coccus (n=17)

17 (100) 16(100) - 17(100) - 16(93.8) 16 (93.8) 17 (100) 16 (100)

Group A Strepto-
coccus (n=2)

2 (100) 2 (100) - 2 (100) - 2 (100) 2 (100) 2 (100) 2 (100)

Group D Strepto-
coccus (n=8)

8 (37.5) 8 (100) - 8 (50.0) - - - 8 (37.5) 8 (100)

Group G Strepto-
coccus (n=2)

2 (100) 2 (100) - 2 (100) - 2 (0.00) 2 (0.00) 2 (100) 2 (100)

S. pneumoniae 
(n=2)

2 (100) - - 2 (100) - 2 (50.0) 2 (50.0) 2 (100) 2(100)

K. pneumoniae 
(n=7)

- 7 (0.0) 7 (14.3) 7 (42.9) - 7 (28.6) 7 (28.6) 7 (14.3) 7 (14.3)

P.aeruginosa (n=8) - - 8 (87.5) - - - 8 (87.5) 8 (87.5) 8 (87.5)
E. coli (n=11) - 11 (36.4) 11 (90.9) 9 (88.9) 11 (100.0) 11 (18.2) 11 (90.9) 11 (90.9) 11 (90.9)
Enterobacter  
species (n=7)

4 (0.0) 0(0.0) 7 (57.0) 7 (42.8) 7 (57.0)** - 7 (57.0) 7 (57.0) 7 (57.0)

H. influenzae (n=1) - 1(100) - 1(100) - 1(100) 1(100) - 1(100)
M. morganii (n=1) - 1 (0.0) 1 (0.0) 1 (0.0) 1 (0.0) 1 (0.0) 1 (0.0) 1 (0.0) 1 (0.0)
Proteus spp (n=1) - 1 (100) 1 (100) 1 (100) - 1 (100) 1 (100) 1 (100) 1 (100)
Acinetobacter spp.
(n=10)

- - 10 (40.0) - - - - - -

All organisms 55(50.9) 56 (64.3) 53 (75.5) 75 (76.0) 36 (52.8) 76 (55.3) 82 (73.2) 79 (83.5) 83 (84.3)

 Pen = penicillin, Amp = ampicillin, Gent = gentamicin, Chlor = chloramphenicol Cef = cefotaxime, Cotrim = 
cotrimoxazole

* Gentamicin can be used with a beta-lactam to give synergy against S. aureus but it should never be used 
alone against a gram-positive isolate like S. aureus. It works in gram-positives if the gram-positive cell 
wall is broken down by an active beta-lactam first. 

** Enterobacters have inducible resistance to 3rd generation cephalosporins, so even if they test as suscep-
tible in vitro, they may not be reliable in vivo for serious infections
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Abstract

Maternal and child health are high priorities for international development. Through a review of published 
work, we show substantial gaps in current knowledge on incidence (cases per live births), aetiology and risk 
factors for both maternal and early onset neonatal bacterial sepsis in sub-Saharan Africa. Although existing 
published data suggest that sepsis causes about 10% of all maternal deaths and 26% of neonatal deaths, 
these are likely to be considerable underestimates because of methodological limitations. Successful inter-
vention strategies in resource-rich settings and early studies in sub-Saharan Africa suggest that the burden of 
maternal and early onset neonatal bacterial sepsis could be reduced through simple interventions, including 
antiseptic and antibiotic treatment. An effective way to expedite evidence to guide interventions and de-
termine the incidence, aetiology, and risk factors for sepsis in sub-Saharan Africa would be through a multi 
armed factorial intervention trial aimed at reducing both maternal and early onset neonatal bacterial sepsis 
in sub-Saharan Africa.

Abstract word count: 156 
Manuscript word count: 4,823 
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Introduction

Millennium development goals (MDGs) four and five identify maternal and child health as high priorities for 
international development.1 The greatest unmet need is in sub-Saharan Africa,2,3 accounting for half of all 
maternal and child deaths worldwide. In all the countries reported in sub-Saharan Africa, except Eritrea, in-
sufficient or no progress in reducing child mortality has been made between 1990 and 2005 to achieve MDG 
four (a two-thirds reduction in childhood mortality rates between 1990 and 2015).4 Equivalent longitudinal 
data on maternal mortality to identify progress towards MDG five (a reduction in the maternal mortality ratio 
by three-quarters between 1990 and 2015) is unavailable. However, maternal mortality (measured as mater-
nal mortality ratio) remains high or very high.4,5 Maternal mortality ratio is defined as the annual number of 
female deaths from any cause related to or aggravated by pregnancy or its management (excluding acciden-
tal or incidental causes) during pregnancy and childbirth, or within 42 days of termination of pregnancy, irre-
spective of the duration and site of the pregnancy, for a specified year.2 In 2005, WHO estimated the maternal 
mortality ratio as 900 per 100 000 live births in sub-Saharan Africa, 100-times the maternal mortality ratio of 
resource-rich countries (nine per 100 000 live births).2 The neonatal mortality rate defined as the number of 
babies dying in the neonatal period (first 28 days of life) per 1000 live births6 was estimated as 44 per 1000 
live births, four times the rate in Europe (11 per 1000 births) and the Americas (12 per 1000 births).6 Of these 
neonatal deaths, three-quarters occur early (within 7 days of birth). Additionally, stillbirths are thought to 
equal the number of neonatal deaths worldwide.6 This Review aims to describe the burden of sepsis contrib-
uting to maternal and early onset neonatal morbidity and mortality in sub-Saharan Africa, and the evidence 
for potential interventions. The close relationship between mothers and their infants results in shared aeti-
ologies and risk factors for infectious diseases, HIV being the most recently highlighted.7-10 In resource-rich 
countries, interventions such as risk-based antibiotic prophylaxis (based on microbiological screening or risk 
factors in pregnancy) have been highly effective in reducing both early onset neonatal bacterial11 and ma-
ternal sepsis.12 Consequently, 15% of all neonatal deaths in countries with low neonatal mortality rates (less 
than five per 1000 live births in countries such as the UK and USA) are from infection, diarrhoea, or both, but 
34% of all neonatal deaths in countries with high neonatal mortality rates (more than 44 per 1000 live births 
in countries such as the Democratic Republic of Congo and Nigeria) are from these causes.13 

Current research in resource-rich countries aims to further reduce neonatal sepsis through the development 
of maternal vaccines against prevalent pathogens, such as Streptococcus agalactiae (group B streptococ-
cus).14 However, in sub-Saharan Africa research has generally focused on either child or maternal health, and 
there are likely to be opportunities for simple preventive measures affecting both. These could be based on 
improving health systems and new approaches identified through improved epidemiology and subsequent 
intervention trials.

Given the very high maternal and neonatal mortality rates in sub-Saharan Africa, and the effectiveness of 
simple interventions to prevent maternal and early onset neonatal bacterial sepsis shown elsewhere, iden-
tifying research priorities and developing strategies to prevent maternal and early onset neonatal bacterial 
sepsis in sub-Saharan Africa is essential.

Incidence of maternal sepsis

WHO defines puerperal sepsis as infection of the genital tract occurring at any time between the onset of the 
rupture of membranes or labour and the 42nd day post partum in which fever and one or more of the follow-
ing are present: pelvic pain, abnormal vaginal discharge, abnormal odour of discharge, and delay in the rate 
of reduction of size of the uterus.15 The term maternal sepsis is used in this Review to include all infections 
in the same period. 

Most estimates of puerperal sepsis in sub-Saharan Africa come from retrospective studies of maternal deaths, 
without microbiological investigation. Thus, these data reflect the burden of clinically defined puerperal sep-
sis as a cause of death, rather than the actual incidence (cases per live births) of puerperal sepsis or other 
important infections in the population.
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A 2006 WHO systematic review of the causes of maternal deaths worldwide16 estimated that 9·7% (95% 
Confidence Interval (95% CI) 6·3-12·6) of maternal deaths in Africa were due to puerperal sepsis. The data-
sets (since 1990) were selected to be representative of their populations and selected by methodological 
quality against predetermined criteria. Nine studies from Africa were included, and eight of these were from 
sub-Saharan Africa. All concerned a single country or region, retrospectively reviewing maternal deaths,17-23 

except one, which was a multinational, prospective, population-based study in six countries in West Africa 
recruiting and following up 19,545 pregnant women.24 In this study, maternal deaths were followed up by 
analysis of medical records and by verbal autopsy. Six maternal deaths were attributed to sepsis, accounting 
for 10·9% of all maternal deaths or 33·9 (12·4-73·8) deaths per 100,000 live births.24 The wide CIs reflect the 
difficulty of using maternal death as a prospective outcome, even in a multinational study. Retrospective 
case reviews, however, are hampered by poor documentation and limited investigations, which reduce the 
accuracy of these reports. Many maternal deaths are unrecorded, particularly if delivery occurs outside of a 
hospital. Since the WHO systematic review, a South African confidential enquiry25 into maternal deaths (rep-
resentative of the population it described) reported puerperal sepsis as the cause of 8·3% (274) of deaths 
(2002-04). The diagnosis of puerperal sepsis was separated from non-pregnancy related infections, which 
accounted for 23·0% (130) of maternal deaths in 1998,21 increasing to 37·8% (1,246) of maternal deaths in 
(2002-04).25 Of these deaths, 53·1% (662) were attributed to HIV/AIDS, 25·4% (316) to pneumonia, 8·3% 
(104) to tuberculosis, and 6·3% (79) to meningitis. Diagnoses were clinical, rather than from systematic mi-
crobiological investigation. 

An important recent study comes from a tertiary facility in Mozambique;26 although not population-based 
(referral centre), it is included here as the first prospective study in sub-Saharan Africa to use autopsy and 
histology to determine the cause of maternal death. From 139 autopsies, 14 (10·1%) were puerperal or 
post-caesarean sepsis. Additionally, 67 (48·2%) deaths were from other infectious diseases (Table 1). Using 
the data from this study, a retrospective review has since been carried out to assess the correlation between 
autopsy (used as gold-standard for cause of death) and prior clinical diagnosis of maternal cause of death. 
The highest rates of false-negative clinical diagnoses were for infectious diseases, with sensitivities under 
50%. Hypertensive disorders (eclampsia) were the main false positive diagnoses.36 All of the other studies of 
maternal mortality described above are based on diagnoses of maternal death from clinical records or verbal 
autopsy only. Although the study from Mozambique is a single-site tertiary-referral centre and the results 
cannot necessarily be extrapolated across sub-Saharan Africa, it does suggest that there might be substantial 
inaccuracies in the available data on causes of maternal mortality, particularly under-reporting of infection 
as a cause of death.36

Data on maternal morbidity in sub-Saharan Africa are very limited. Table 1 summarises those studies pro-
viding data on maternal morbidity from puerperal sepsis, or providing microbiological and histological data. 
These studies mainly comprise retrospective casereviews, facility based studies,27,28 or studies with substan-
tial missing data.35 Some of the best evidence comes from the multinational, prospective, population-based 
study from west Africa, described above,30 which includes data on maternal morbidity and puerperal sepsis 
19,545 women were actively followed up post partum.30 18 cases of puerperal sepsis were identified, repre-
senting a maternal morbidity ratio of 90 (50-140) per 100,000 live births. The six patients that died represent-
ed a case fatality ratio of 33%. 

Estimates of the prevalence of maternal sepsis also come from intervention studies. Three clinical trials in 
sub-Saharan Africa intervened to reduce puerperal sepsis. A single facility based trial in Malawi32 used manu-
al antiseptic cleansing of the birth canal at vaginal examination, and wiping of the newborn at delivery. Post 
partum infection was diagnosed clinically after delivery, or if women re-presented (passive follow-up). Six 
(5·6%) of 107 women who delivered in the intervention period, compared with 17 (12·7%) of 134 women 
who delivered in the non-intervention period were diagnosed with puerperal sepsis.

The second study was a double-blind randomized controlled trial in two facilities in Durban, South Africa,31 
among women infected with HIV in whom vaginal delivery was expected. A single dose of intravenous cefoxi-
tin or placebo was given during birth, with follow up for signs of any infectious morbidity at 72 h, 1 week, and 
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2 weeks. Overall there was no significant difference in symptoms suggestive of puerperal sepsis, although 
cefoxitin significantly reduced endometritis.

The third study was community-based in ten surveillance sites across two rural districts of Mwanza, Tanza-
nia,34 involving the provision of a clean delivery kit and maternal education on hygienic delivery. Allocation 
was dependent on maternal choice rather than randomisation; puerperal sepsis up to 5 days post partum 
was diagnosed in 1·1% (19) of women who used the kit and 3·6% (50) who did not. 

It is clear that a single, reliable estimate of the incidence of puerperal sepsis in sub-SaharanAfrica cannot be 
made. However, the available evidence suggests that infections around childbirth substantially contribute 
to maternal morbidity, are underestimated, are a leading cause of death in mothers in sub-Saharan Africa, 
and are more frequent in hospital-based deliveries than in the community. It is apparent that future studies 
should look at the morbidity and mortality from both puerperal sepsis and maternal sepsis not thought to be 
directly related to delivery, and should use adequate microbiological investigations.

Incidence of early onset neonatal sepsis

Neonatal sepsis, defined as sepsis within the first 28 days of life, is estimated to cause 26% of all neonatal 
deaths worldwide.6 Few studies in sub-Saharan Africa differentiate between early and late onset neonatal 
sepsis and there are variations in the periods used to define early and late.37 Differentiation is important since 
early onset neonatal bacterial sepsis is more likely to reflect vertically acquired infection from the maternal 
genital tract. It therefore has a different aetiology to late onset neonatal sepsis, and potentially different 
means of prevention. Here, we define early onset neonatal bacterial sepsis as sepsis in neonates less than 7 
days old and only include studies with microbiologically confirmed data.

Estimates of the incidence of neonatal sepsis are all from single-facility studies, and vary in their findings 
(Table 2). A study from Malawi38 is the most specific, considering the incidence of early onset neonatal sepsis 
caused by S agalactiae alone, which was reported as 0·92 cases per 1000 live births.

Regarding neonatal sepsis as a whole, 5·46 cases of neonatal bacteraemia per 1000 live births were recorded 
in Kilifi, Kenya,39 through blood-culture surveillance of all hospital admissions (both in-born and out-born 
neonates). In Nigeria, 6·5 cases of neonatal sepsis per 1000 live births occurring in a referral hospital were 
recorded.40 21 cases of neonatal sepsis per 1000 live births were reported from a referral hospital in Zim-
babwe.41 Maternal deliveries in the Zimbabwean study were described as high risk and likely to result in a 
higher incidence of neonatal sepsis. Fewer cases (30 of 6,630 live births) of neonatal sepsis were identified 
from community referrals (out-born neonates), but the authors do not calculate an incidence, due to the 
likelihood of missed cases.41 

It is difficult to interpret these incidence data; the Zimbabwe41 and Nigeria40 single-facility studies considered 
all live births at that facility and their outcomes, using the number of births at the facility as the denomina-
tor to calculate incidence, but these cannot be extrapolated to the general population. The Malawian38 and 
Kenyan39 studies included both in-born and out-born neonates and estimated incidence based on catch-
ment-population data. Their results are minimum estimates, since not all neonates with sepsis will have 
been referred, and cases of culture-negative sepsis would not be included. The denominators might also be 
reduced if birth records are incomplete.

Studies with a high proportion of in-born neonates are likely to have a higher proportion of early onset ne-
onatal sepsis, 68% (110) of all neonatal sepsis cases in the Zimbabwe study were early onset.41 By contrast, 
community-based studies (including mainly out-born neonates), such as the multicentre WHO collaborative 
study, from The Gambia, Ethiopia,Papua New Guinea, and the Philippines,52 might be biased against record-
ing early onset neonatal bacterial sepsis, because babies with severe early-onset infections might die before 
presentation. Only 30% (25) of neonatal sepsis cases in the WHO Young Infants study52 were early onset. 
Although the WHO study was not population-based, a simple calculation using data from Gambian sites can 
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be made.42 There were 53 cases of young infant sepsis (infants younger than 90 days) from a catchment area 
of 12 000 births, which would give an incidence of 4·42 cases of young infant sepsis per 1000 live births (if 
the study is assumed to simultaneously cover both hospitals for a year, rather than each hospital studied 
consecutively for a year).

Intervention studies are also typically from single facilities, and therefore not necessarily representative of 
the population. Rates of admissions due to sepsis dropped immediately after birth canal cleansing was intro-
duced in Malawi, and stayed substantially lower during the intervention period compared with the non-in-
tervention months (7·8 vs 17·9 per 1000 live births).32 In South Africa, among mothers infected with HIV, a 
non-significant reduction in neonatal sepsis was also seen in the cefoxitin trial: neonatal sepsis was diag-
nosed in 1·3% of babies whose mothers received placebo and 0·7% of those whose mothers received cefoxi-
tin.31 The community-based study in Mwanza34 considered neonatal sepsis only in terms of cord infection at 5 
days. Five infants (0·3%) of women who used the kit and 48 infants of women who did not use the kit (3·9%) 
developed cord infection.

Estimates of incidence of early onset neonatal bacterial sepsis therefore vary widely, but the available data 
indicates a high burden of disease. Multisite population-based studies with uniform definitions would im-
prove our understanding of early onset neonatal bacterial sepsis. This is important, since simple interven-
tions reducing the incidence of early onset neonatal bacterial sepsis could be prioritized in health planning.

Aetiology

There are few microbiological data on puerperal sepsis in sub-Saharan Africa (Table 1). A case-control study 
from Nairobi, Kenya,33 found a significant difference in the isolation of Neisseria gonorrhoeae or Chlamydia 
trachomatis from the endometrium and cervix of women with post-partum endometritis (35 cases) com-
pared with those without (30 cases). Samples were taken at 6 days post partum for the isolation of these or-
ganisms and Mycoplasma hominis, Ureaplasma urealyticum (isolated equally from both cases and controls), 
and S agalactiae (not isolated in either group). A high prevalence (19; 28%) of N gonorrhoeae was also re-
ported in cases of puerperal sepsis from a study of pelvic infections in Ethiopia.29 Another retrospective study 
from Nigeria,27 of microbiological isolates from the genital tract of patients with puerperal sepsis (taken for 
clinical purposes, sites not specified), identified S aureus (29; 20%) as the most common pathogen, followed 
by Escherichia coli (18; 12%) and Proteus sp (17; 12%). However, there was a low proportion of positive 
cultures (85 of 146), but there were no facilities for anaerobic culture and again, no growth of streptococcal 
species. Since these streptococcal species are fastidious organisms, isolation might have been limited by 
bacteriological facilities.

The aetiology of neonatal sepsis has been more frequently described (Table 2), reflecting a recognised need 
for data to improve treatment guidelines.53 Before the WHO collaborative study (1990-93) in The Gambia, 
Ethiopia, the Philippines, and Papua New Guinea the main causative organisms described from non-indus-
trialised countries were S aureus and Klebsiella sp,49,52 also reported more recently from Nigeria.48 The WHO 
study site in The Gambia used two facilities, including young infant admissions (younger than 91 days) to 
both a first-referral medical facility and tertiary-centre hospital.38 infants without meningitis had positive 
blood cultures, specifically S aureus (17 cultures), Streptococcus pneumoniae (three), Salmonella spp (five), 
E coli (three), other enterobacteriaceae (four), Streptococcus pyogenes (group A streptococcus) (three), S 
agalactiae (group B streptococcus) (one), Moraxella spp (one), and group G streptococci (one).42 The Ethiopi-
an site identified 41 positive cultures in young infants. S pneumoniae was common (ten), as were S pyogenes 
(nine) and Salmonella spp (five). However, S agalactiae was absent. Culture-confirmed cases of meningitis 
(15) were predominantly caused by S pneumonia (seven).43

Recent research has challenged the findings of the WHO Young Infant study, regarding early onset neonatal 
bacterial sepsis. Bacteriological surveillance of all neonatal admissions in Kilifi, Kenya 1998-2002 identified 
S agalactiae as the most common Gram-positive organism and E coli as the most common Gram-negative 
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organism isolated in neonates younger than 7 days.37 These findings are supported by data from Blantyre, 
Malawi,38,44 and from other single-facility studies in Kenya,45,47 Zimbabwe,41 and South Africa46 (Table2). 

The disparity in S agalactiae is likely accounted for by study design. The WHO Young Infants study, like a 
Nigerian study,50 focused on outpatient referrals rather than in-born neonates. Severe, rapidly fatal, ear-
ly onset neonatal bacterial sepsis was therefore probably under-represented compared with facility-based 
studies, because of the time needed to seek medical facilities. The newer findings are of particular note 
since S agalactiae infections have been substantially reduced with antibiotic-based prevention strategies in 
resource-rich countries. For example, chemoprophylaxis in the USA has reduced the incidence of early on-
set neonatal bacterial sepsis caused by S agalactiae from 1·7 per 1000 live births in 1993 to 0·6 per 1000 in 
1998.11 

Our knowledge of the aetiology of maternal sepsis is limited compared with our growing understanding of 
the aetiology of neonatal sepsis in resource-poor countries. The data highlight the need for systematic and 
representative sampling and quality-controlled culture facilities.

Risk factors for maternal sepsis

Risk factors for puerperal sepsis described in resource-rich countries include: home birth in unhygienic con-
ditions, low socioeconomic status, poor nutrition, primiparity, anaemia, prolonged rupture of membranes 
(PROM), prolonged labour, multiple vaginal examinations (more than five), caesarean section, instrumental 
deliveries, retained products of conception, and post-partum haemorrhage.54 Widely accepted interventions 
to reduce the incidence of puerperal sepsis are the use of aseptic and sterile techniques (hand cleansing, and 
sterile drapes and instruments), and antibiotics targeted to deliveries by caesarean section, and those with 
PROM55 (which can be associated with Sagalactiae carriage).56 

Data on risk factors for puerperal sepsis in sub-Saharan Africa are limited and are likely to differ in relative 
importance to those in resource rich countries. Whilst high prevalence of HIV/AIDS, anaemia, malaria, and 
undernutrition is widely reported,57-59 their contribution to puerperal and maternal sepsis is largely unknown. 

HIV/AIDS is, however, a well-recognised risk factor for maternal mortality and morbidity in sub-Saharan Afri-
ca. A population based, prospective study of 19,983 women in Rakai, Uganda,10 reported maternal mortality 
ratios of 1,687 and 310 per 100 000 births in HIV-positive and HIV-negative mothers respectively. This finding 
is supported by the autopsy study in Mozambique, where HIV/AIDS-related conditions were the most com-
mon non-obstetric cause of death (12·9% due to opportunistic infection [bacterial, fungal, and viral]) and the 
confidential enquiry into maternal deaths in South Africa – HIV/AIDS-related conditions accounted for 20·1% 
of all maternal deaths.25 A high burden of morbidity post partum was described in mothers infected with 
HIV in Kenya.8 This prospective study followed up 535 women infected with HIV for a year post partum and 
reported 33 cases of pneumonia per 100 person years. 

Operative or instrumental delivery is likely to be an association. In Nigeria, 14·7% of cases of puerperal sepsis 
followed caesarean section;27 however, without knowledge of the prevalence of this mode of delivery and 
indications for caesarean section, these results are difficult to interpret. In the prospective study on maternal 
morbidity from west Africa, although five of 18 cases (28%) of puerperal sepsis cases followed caesarean sec-
tion, this represented a relatively low (1·5%) postoperative infection rate.30 The authors attribute this result 
to widespread and systematic antibiotic use in study areas. 

Episiotomy is another potential risk factor. The cefoxitin trial in South Africa31 reported puerperal sepsis in 
43 of 195 (22·1%) women with an episiotomy, compared to 33 of 229 (14·4%) without. Other risk factors 
similar to resource-rich settings were reported from this study, and PROM and increased number of vaginal 
examinations were significantly associated with puerperal sepsis.31 Other simple interventions, identified in 
the community study in Mwanza, Tanzania,34 significantly reducing the prevalence of puerperal sepsis, were 
bathing and shaving before delivery.
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Genital-tract bacterial carriage might also predispose to (clinically defined) puerperal sepsis. A hospital based 
study in Zimbabwe reported increased prevalence of N gonorrhoeae, Bacteroides spp, Chlamydia spp, and 
Gardnerella vaginalis among mothers who developed puerperal sepsis,60 similar to isolates from cases of 
puerperal sepsis in the Kenyan study described33 and supported by a separate study in Zimbabwe associating 
maternal colonisation with N gonorrhoeae, S agalactiae, and Bacteroides spp with PROM.61 

However, a multicentre study from Zimbabwe (Lusaka), Malawi (Blantyre and Lilongwe), and Tanzania (Dar 
es Salaam) aiming to reduce chorioamnionitis (on the basis of histological diagnosis) found that although 
oral antibiotics (metronidazole and erythromycin) at 24-weeks gestation reduced infection with Trichomonas 
vaginalis and bacterial vaginosis, there was no significant reduction in chorioamnionitis at delivery. Oral anti-
biotics (metronidazole and ampicillin) were also given at birth.62

The relative importance of risk factors for maternal sepsis in sub-Saharan Africa depends both on the extent 
to which they predispose to infection, and their prevalence. More work is needed to establish the relative 
importance of risk factors in sub-Saharan Africa, since these risk factors might guide more effective antibiotic 
prophylaxis and offer new strategies for prevention. Research from a resource-poor setting outside of sub-Sa-
haran Africa (Nepal) found a 40% reduction in maternal mortality with vitamin A or β-carotene maternal sup-
plementation, although the extent to which this resulted from decreased maternal deaths from sepsis could 
not be reliably determined.63 However, this study does demonstrate that there might be simple prevention 
methods besides antisepsis and antibiotic measures that could be effective in reducing maternal sepsis and 
resultant maternal mortality.

Risk factors for early onset neonatal sepsis

Common risk factors for neonatal sepsis in sub-Saharan Africa have been identified as prematurity,45,46,64 
PROM,41,45,64,65 maternal pyrexia,51,64,65 low birthweight,46,52 and difficulties at delivery (obstructed labour or 
birth asphyxia).47,51 These accord with risk factors identified in resource-rich settings, where they are used in 
a risk-based approach for intrapartum or early antibiotic treatment of neonates to prevent severe disease. 
However, by contrast with resource-rich countries, mothers with a history of a previous baby with S agalac-
tiae infection or urinary tract infections are seldom identified in sub-Saharan Africa, probably because they 
were not investigated by bacterial culture.

Another approach in resource-rich countries to prevent early onset neonatal bacterial sepsis from S agalacti-
ae (using intrapartum antibiotics) is through maternal genital tract screening.11 Whereas there have been no 
studies using screening to guide antibiotic prophylaxis in sub-Saharan Africa, several studies have looked at 
the prevalence of maternal S agalactiae genital tract carriage. Because early studies of early onset neonatal 
bacterial sepsis suggested a low incidence of S agalactiae neonatal sepsis, maternal carriage found in Nigeria, 
Ethiopia, and The Gambia were thought surprisingly high (13-22%).66-70 Low incidence of neonatal sepsis due 
to S agalactiae were attributed to less-invasive serotypes or neonatal protection from maternal antibodies. 
However, in view of more recent data on early onset neonatal bacterial sepsis aetiology, the results of these 
carriage studies are likely to be correct in their suggestion of S agalactiae prevalence, but the low actual num-
bers of mothers colonised and included in the studies would limit their power to detect early onset neonatal 
bacterial sepsis from S agalactiae.

Given the resources required for a screening-based approach to guide intrapartum antibiotic prophylaxis to 
prevent early onset neonatal bacterial sepsis, an approach based on risk factors is likely to be more applicable 
in sub-Saharan Africa. Some of the risk factors for early onset neonatal bacterial sepsis in sub-Saharan Africa 
are probably similar to those described in resource-rich settings, but have not been tested in the context of 
high rates of HIV, maternal undernutrition, fetal anaemia, and placental malaria. Although these risk factors 
have been linked to poor neonatal outcomes in sub-Saharan Africa,71 they have not been studied in rela-
tion to early onset neonatal bacterial sepsis in sub-Saharan Africa. This is of particular importance since the 
identification of additional risk factors for early onset neonatal bacterial sepsis could lead to effective simple 
prevention measures. Newer potential interventions such as maternal micronutrient supplementation might 



209273-L-bw-Mwaniki209273-L-bw-Mwaniki209273-L-bw-Mwaniki209273-L-bw-Mwaniki

CHAPTER 7 | MATERNAL AND EARLY ONSET NEONATAL BACTERIAL SEPSIS

118

also contribute to preventing early onset neonatal bacterial sepsis. In a randomised trial of Tanzanian moth-
ers infected with HIV (using multivitamins, vitamin A, or placebo arms to the trial), maternal micronutrient 
supplementation (but not vitamin A supplementation alone) decreased the risk of neonatal death, low birth-
weight, severe preterm birth, and small size for gestational age at birth; it also increased maternal CD3, CD4, 
and CD8 T-cell counts.72 Whether neonatal effects would be seen in mothers uninfected with HIV is unclear, 
and it is unknown whether early onset neonatal bacterial sepsis can be prevented. However, theTanzanian 
study illustrates the need for epidemiological data and broad thinking in design of future prevention strate-
gies to reduce early onset neonatal bacterial sepsis in sub-Saharan Africa.

Future strategies

There are many potential opportunities for reducing the burden of early onset neonatal bacterial and ma-
ternal sepsis. However, the benefit of any intervention (or package of interventions) can only be maximised 
if devised using high quality, reliable data on the burden and causes of morbidity. Observational data would 
ideally come from a large, population-based, multicentre study of maternal genital-tract carriage, with fol-
low-up and microbiological investigation (based on clinical criteria) of neonatal and maternal sepsis and 
associated risk factors.

Recent consensus has highlighted the need for research priorities focused on health policy and systems re-
search to reduce neonatal sepsis through assessment of the feasibility, effectiveness, and cost of promoting 
clean delivery practices in homes, primary-care facilities, and referral hospitals.73 These practices are sup-
ported by the experience of resource-rich countries and community-based studies in sub-Saharan Africa, 
such as the use of the clean delivery kit in Mwanza, Tanzania.34 However, there is also the potential for new 
interventions, which can be broadly divided into two groups: those aimed specifically at reducing infection 
in the peri-partum period using antisepsis measures and antibiotic prophylaxis (risk-based or from universal 
screening), and reducing susceptibility to infection by improving maternal health through nutritional sup-
plementation, improved accessibility to antiretroviral therapy, investigation for and treatment of sexually 
transmitted infections, or, in the future, immunisation. The first approach targets facility-based deliveries, 
although the second would be mainly community based and requires increased provision and uptake of an-
tenatal care early in pregnancy. 

Interventions should be targeted at the population they serve and the health-care facilities available. In the 
community, clean delivery practices should be prioritised. In referral centres with high-risk populations, new 
strategies should be developed, particularly the identification of risk factors for maternal and early onset 
neonatal bacterial sepsis in sub-Saharan Africa, which could be prevented through antibiotic prophylaxis. 
Failure of progress towards MDGs four and five has made addressing these issues more urgent. It is likely that 
simple, straightforward strategies could prove effective in reducing sepsis. A purely descriptive study with 
reliable microbiological facilities would provide a sound foundation on which to base future intervention 
studies. However, a multi-armed, factorial trial with a combination of health interventions could result in 
the same background information and a more rapid advance in our understanding of the epidemiology and 
prevention of sepsis. Subsequent analyses would determine risk-groups in which interventions were most 
effective, ensuring optimum targeting of public-health interventions.

Conclusions

Despite a considerable burden of disease, there are strikingly few data on the precise incidence and aetiology 
of maternal or early onset neonatal bacterial sepsis in sub-Saharan Africa, largely because of a lack of reliable 
microbiological facilities. Simple intervention strategies are effective in other populations and evidence from 
a small number of intervention studies in sub-Saharan Africa supports the urgent need for further trials, so 
that public-health measures can be effectively directed and neonatal and maternal morbidity and mortality 
in sub-Saharan Africa is substantially reduced.
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Table 1: Summary of maternal morbidity data

Location Study type Population Definition of 
sepsis 

Results Organisms Limitations

Dare et al27 Ife State  Hos-
pital, Nigeria  

Retrospec-
tive review 
medical 
records, 
referral 
hospital 
based 

8428  de-
liveries

Clinical fea-
tures: pyrexia, 
lower ab-
dominal pain, 
sub-involution 
of the uterus, 
foul-smelling 
lochia or vagi-
nal discharge, 
septic wounds, 
or bacterial 
growth from 
the genital 
tract 

146 (1·7%) moth-
ers with puerperal 
sepsis

Genital tract 
cultures: 
Staphylococcus
aureus 29 
(19·9%), Kleb-
siella spp 10
(6·9%), Pseu-
domonas
spp 11 (7·5%), 
Proteus spp 17 
(11·6%),
Escherichia coli 
18 (12·3%), 
no growth 55 
(37·7%).

Single refer-
ral hospi-
tal-based 
study, retro-
spective, no 
anaerobic 
cultures

Lagro  
et al28

Mpongwe 
Mission Hos-
pital, Zambia 

Prospec-
tive, hospi-
tal based, 
opportun-
istic inter-
viewing, 
systematic 
vagi-
nalswab 
screening 

620 
women 
attending 
hospital for 
any reason 
postpar-
tum 

Lower abdom-
inal pain,py-
rexia, offen-
sive vaginal 
discharge up 
to 3 months 
postpattum 

Symptoms present 
in 58 of 620
(9%) 
women

89 of 513 
(17%)
vaginal swabs
abnormal (pus
cells, Trich-
omonas 
vaginalis, or 
Gramnegative
diplococci on 
Gram stain)

Single hospi-
tal-based
study, oppor-
tunistic
sampling 
might bias
population 
sample,
details of
microbiology 
not reported

Menéndez 
et al26

Maputo, Mo-
zambique 

Prospec-
tive, refer-
ralhospi-
tal- based, 
study of 
maternal 
deaths by 
autopsy 

139 autop-
sies of 179 
maternal 
deaths 

Macroscopic 
and histologi-
cal diagnoses 
defined by 
autopsy 

14 (10·1%) mater-
nal deaths due to 
puerperal sepsis, 
67 (48·2%) due to 
other infectious 
diseases:18 (12·9%) 
HIV-positive with 
AIDS-related con-
ditions, 17 (12·2%) 
pneumonia, 
2(1·4%)tuberculo-
sis, 10 (7·2%)men-
ingitis, 3 (2·2%) 
severe sepsis

Klebsiella spp 
10

Single hospi-
tal-based
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Perine  
et al29

St Paul’s 
Hospital, 
Addis Ababa, 
Ethiopia 

Prospec-
tive hospi-
tal study, 
admis-
sions for 
puerperal 
sepsis (and 
outpatient 
surveil-
lance of 
pelvic in-
flammato-
ry disease 

67 ad-
missions 
puerperal 
sepsis  
(15-28 
years) 

45 positive 
cultures,  
22 negative 

Enterobacteriaceae 
24 (36%), Neisseria 
gonorrhoeae 19 
(28%), Streptococ-
cus spp 16 (25%), 
anaerobes 3 (4%)

spp 11 (7·5%), 
Proteus

population 
sample,

Prual  
et al30

Abidjan (Ivory 
Coast), Bama-
ko (Mali), Nia-
mey (Niger), 
Nouakchott 
(Mauritania), 
Ouagadou-
gou(Burki-
na Faso), 
Saint-Louis, 
Kafrine, Fatick, 

Prospec-
tive, 
popula-
tion-based 
surveil-
lance study 

19 545 
pregnant 
women 

Severe sepsis, 
peritonitis, and 
odorous vagi-
nal discharge 
leading to hos-
pitalisation, 
hysterectomy, 
or death 

18 cases (1·4%) of 
puerperal sepsis, 
maternal morbidity 
ratio 90 (95% CI 
50-140) per 100 
000 live births, case 
fatality ratio 33%

N/A Survey: no 
systematic 
microbiologi-
cal nvestiga-
tion

Sebitloane 
et al31

King Edwards 
VIII and Add-
ington Hospi-
tal, Durban, 
South Africa 

Interven-
tion trial, 
hospital 
based: ran-
domisation 
to intrave-
nous cefox-
itin (n=213) 
or placebo 
(n=211) 

716 en-
rolled, 675 
included: 
women 
infected 
with HIV 
planning 
vaginal 
deliveries 

Pyrexia (38°C) 
and lower ab-
dominal ten-
derness with 
offensive or 
purulent lochia 
(endometritis), 
a broken down 
or infected 
episiotomy 
wound with 
exudates, 
urinary tract 
infections, or 
mastitis or 
breast abscess  

Sepsis (19·0% [40 
of 211] in placebo 
group, 16·9% [36 
of 213] in cefoxitin 
group); efoxitin 
significantly re-
duced endometritis 
(13·6% [26 of 191] 
in placebo group, 
6·4% [12 of 188] in 
cefoxitin group  
[p = 0·019])

N/A Single hos-
pital-based 
study, only 
mothers 
infected with 
HIV, no mi-
crobiology

Taha et 
al32

Queen Eliza-
beth Hospital, 
Blantyre, 
Malawi 

Interven-
tion trial 
based in 
referral 
hospital: 
chlorhex-
idine man-
ual wipe of 
birth canal 

6965 
hospital 
births, 241 
attended 
post par-
tum with a 
problem 

Pyrexia over 
38°C with of-
fensive vaginal 
discharge, in-
fected lochia, 
infected 
episiotomy or 
caesarean sec-
tion wound, 
retained 
products of 
conception, 
or secondary 
postpartum 
haemorrhage 

6 of 107 (5·6%) 
women during in-
tervention vs 17 of 
134 (12·7%) during 
nonintervention 
period admitted 
post partum with 
puerperal sepsis, 
rates of 1·7 and 5·1 
cases per 1000de-
liveries (p = 0·02)

N/A Single refer-
ralhospital- 
based study, 
no microbiol-
ogy, passive 
follow up
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Temmer-
man33

Nairobi, Kenya Prospec-
tive hos-
pitalbased 
study 

35 women 
with 
clinical 
post-par-
tum 
endome-
tritis (day 
7–9) and 
30 women 
without (as 
controls) 

Two or more 
of: pyrexia, 
foul lochia, 
uterine 
tenderness, 
or uterine 
subinvolution; 
cervical and 
endometrial 
sampling 

35 women 
post-partum endo-
metritis, 30 asymp-
tomatic women 
postpartum con-
trols

12 cases N 
gonorrhoeae 
and Chlamydia 
trachomatis 
vs 3 controls 
(p<0·05), 
isolation 
Mycoplasma 
hominis and 
Ureaplasma 
urealyticum 
similar in cases 
and controls

Single-site 
hospital-
based study, 
no organism 
isolated in 
two-thirds of 
cases

Winani  
et al34

10 surveil-
lance sites 
across two 
rural districts 
of Mwanza, 
Tanzania 

Interven-
tion trial, 
community 
based: 
mothers 
given 
education 
on clean 
delivery 
and clean 
delivery kit 
to use

3262 preg-
nant wom-
en (17-45 
years) 

Pyrexia, ab-
dominal pain 
or foul lochia, 
follow up to 16 
days 

Puerperal sepsis 
diagnosed 1·1% 
of users of kit and 
3·6% not using 
(odds ratio 3·2, 
95% CI1·85-5·63)

N/A Not ran-
domised 
trial, follow 
up to 6 days 
only, no mi-
crobiology

Wollast  
et al35

Rural villages 
within areas 
of Bobo-Diou-
lasso, Kou-
dougou, and 
Zabre, Burkina 
Faso 

Prospective 
communi-
ty-based 
study, 
follow up 
by newly 
trained 
traditional 
birth at-
tendants  

6129 
pregnant 
women 

Persistent py-
rexia post par-
tum, follow-up 
minimum 48 h 
post delivery 

7 (6·2%) women 
with any postpar-
tum problems had 
persisting fever, 
0·1% of all deliv-
eries

N/A Only 31% of 
the expect-
ed number 
of births 
registered, 
no microbi-
ology, short 
follow up

(6·9%), Hospital, Blan-
tyre,

HIV plan-
ning

hysterectomy, 
or death

Sepsis (19·0% [40 
of 211]

16 (25%), microbiology

Pseu-
domonas

Malawi Prospec-
tive,

vaginal in anaerobes 3 
(4%)

spp 11 
(7·5%), 
Proteus

Nairobi, Kenya popula-
tion-based

deliveries Pyrexia (38°C) 
and

placebo group, 
16·9% [36

Single refer-
ral hospital

spp 17 
(11·6%),

surveil-
lance study

lower abdom-
inal

of N/A based study,

Escherichia 
coli 18

10 surveil-
lance sites

6965 hos-
pital

tenderness 
with

213] in cefoxitin 
group);

N/A no microbi-
ology,

(12·3%), no 
growth

across two 
rural

Interven-
tion trial,

births, 241 offensive or 
purulent

cefoxitin signifi-
cantly

N/A passive fol-
low up

55 (37·7%). districts of 
Mwanza,

hospital 
based:

attended 
post

lochia (endo-
metritis), a

reduced 12 cases N

 Tanzania randomisa-
tion to

partum 
with a

broken down 
or infected

endometritis 
(13·6% [26 of

gonorrhoeae 
and

Single-site 
hospital-
based
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based 
study,

Rural villages intra-
venous 
cefoxitin

problem episiotomy 
wound with

191] Chlamydia study, no

retrospec-
tive, no 
anaerobic 
cultures

within areas 
of

(n=213) or 
placebo

exudates, 
urinary tract

in placebo group, 
6·4% [12

trachomatis 
vs 3

organism 
isolated in

Bobo-Diou-
lasso,

(n=211) 35 women infections, or 
mastitis or 
breast abscess 

of controls 
(p<0·05),

two-thirds of 
cases

Lagro  
et al28

Koudougou, 
and Zabre, 
Burkina Faso

with clin-
ical

188] in cefoxitin 
group

isolation

NA=not applicable.

Table 2: Summary of neonatal morbidity data 

Location Study type Population Definition of 
sepsis 

Results (EOS 
if available)

Organisms (EOS 
if available)

Limitations

Gray et al38 Queen Eliza-
beth Hospital, 
Malawi 

Prospective 
descriptive 
study, referral 
hospital, EOS 
specified 

3159 in-born 
and out-born 
neonatal 
hospital ad-
missions, 681 
investigated 
with blood 
cultures 

Culture of 
Streptococ-
cus agalacti-
ae (blood or 
CSF); investi-
gation based 
on clinical 
suspicion 

EOS: S 
agalactiae 
isolated in 
29 of 681 
cases (blood 
or CSF), rate 
0·92 per 
1000 live 
births 

S agalactiae 29 Single-site re-
ferral hospital; 
rate might be 
underestimated 
through lack of 
presentation 
to health care 
facility 

Berkley  
et al39

Kilifi District 
Hospital, 
Kenya 

Prospective 
surveillance 
study, district 
hospital, EOS 
specified 

867 in-born 
and out-born 
neonatal hos-
pital admis-
sions under 7 
days 

Positive 
blood cul-
ture 

EOS: 117 
positive 
blood cul-
tures, 5·46 
per 1000 live 
births had 
neonatal 
bacteraemia 

Escherichia 
coli 25 (19%), 
Acinetobacter 
spp 16 (12%), 
Klebsiella spp 
13 (10%) Saga-
lactiae 11 (9%), 
Staphylococcus 
aureus 7 (5%), 
Pseudomonas 
spp 6 (5%), 
Streptococcus 
pneumoniae 5 
(4%), Strepto-
coccus pyo-
genes 3 (2%) 

Single site; 
rate might be 
underestimated 
through lack of 
presentation 
to health care 
facility 

Airede40 Jos University 
Teaching Hos-
pital, Nigeria 

Prospective 
descriptive 
study, referral 
hospital, EOS 
not specified 

In-born (76%) 
and out-born 
(24%) neo-
natal admis-
sions with 
suspected 
sepsis

Positive 
blood cul-
ture; investi-
gation based 
on clinical 
suspicion  

99 posi-
tive blood 
cultures, ne-
onatal sepsis 
6·5 per 1000 
live births 
(in-borns)

Klebsiella spp 
27 (37%), S au-
reus 27 (37%), 
others (Ecoli, 
Alcaligenes fae-
calis, Citrobac-
ter difficile)

Single site, in-
born neonates 
only for rate, 
EOS not spec-
ified  
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Nathoo  
et al41

Harare Hos-
pital, Zimba-
bwe 

Prospective 
descriptive 
study, referral 
hospital,EOS 
(defined as 
less than 48 
h) specified

In-born (89%) 
and out-
born (11%) 
neonatal 
admissions: 
161 hospital 
admissions 
with posi-
tive blood 
cultures 

Positive 
blood cul-
tures 

Neonatal 
sepsis 21 
per 1000 live 
births (in-
borns) 

EOS less than 
48 h; 110 pos-
itive cultures: 
S aureus 34 
(31%), non-lac-
tose ferment-
ing coliforms 
15 (14%), S 
agalactiae 13 
(12%), other 
Streptococcus 
spp 13 (12%), 
Staphylococcus 
epidermidis 10 
(9%), Klebsiella 
spp 9 (8%), lac-
tose-ferment-
ing coliforms 
6 (5%), E coli 5 
(5%), others 5 
(5%) 

Single-site 
referral centre, 
investigation of 
blood based on 
clinical suspi-
cion, high-risk 
maternal deliv-
eries  

Mulholland 
et al42

Fajara and 
Royal Victoria 
Hospital, 
Banjul, The 
Gambia 

Prospective 
descrip-
tive study, 
outpatient 
department 
and referral 
hospital,EOS 
not specified

Out-born 
neonatal ad-
missions, 497 
enrolled and 
239 investi-
gated 

Positive 
blood 
cultures or 
CSF in young 
infants 
(young-
er than 
91 days), 
investigation 
on the basis 
of clinical 
suspicion 

53 cases of 
young infant 
sepsis, 4·42 
per 1000 
live births 
(extrapolated 
from given 
data) 

38 positive 
blood cul-
tures (without 
meningitis): S 
aureus (17), S 
pneumoniae 
(3), Salmonel-
la spp (5), E 
coli (3), other 
enterobacte-
riaceae (4), S 
pyogenes (3), S 
agalactiae (1), 
Moraxella spp 
(1), group G 
streptococci (1) 

EOS numbers 
low in study 
based on 
outpatients or 
referrals 

Taha et al32 Queen Eliza-
beth Hospital, 
Malawi 

Intervention 
trial based in 
referral hospi-
tal: chlorhex-
idine manual 
wipe of birth 
canal 

6965 women 
giving birth in 
hospital 

Clinical di-
agnosis on: 
temperature 
higher than 
38°C, poor 
feeding, and 
apnoea or 
irregular 
respiratio 

Neonatal 
sepsis ad-
missions 7·8 
per 1000 live 
births with 
intervention 
vs 17·9 per 
1000 without 
(p<0·0002), 
EOS admis-
sions 2·8% 
(16 of 571) 
with and 
6·4% (36 of 
563) without 

N/A Single-site 
referral centre, 
no microbiol-
ogy 

Sebitloane 
et al31

King Edwards 
VIII and Add-
ington Hospi-
tal, Durban, 
South Africa· 

Intervention 
trial, hospital 
based: rando-
misation to 
intravenous 
cefoxitin 
(n=213) or 
placebo 
(n=211) 

716 enrolled, 
675 included: 
HIV infected 
women plan-
ning vaginal 
deliveries 

Neonatal 
sepsis in 
1·3% of pla-
cebo group 
and 0·7% 
of cefoxi-
tin group 
(p=0·43) 

N/A Single site, only 
mothers posi-
tive for HIV, no 
microbiology 
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Winani  
et al34

Mwanza, 
Tanzania

Intervention 
trial commu-
nity based: 
mothers given 
education on 
clean delivery 
and clean 
delivery kit to 
use 

3262 preg-
nant women 
(17–45 years) 

Clinical diag-
nosis of cord 
infection 

Cord in-
fection in 
five (0·3%) 
infants of 
kitusers and 
48 infants of 
non kit-us-
ers (3·9%) 
(p<0·001) 

N/A Not ran-
domised, use of 
kit dependent 
on motivation 
of mothers 
enrolled, no 
microbiology 

 Muhe  
et al43

Ethio-Swed-
ish Children’s 
Hospital, 
Addis Ababa, 
Ethiopia 

Prospective 
descriptive 
study, referral 
hospital, EOS 
not specified 

405 infant 
admissions 
(under three 
months 

Positive 
blood (or 
CSF culture), 
investiga-
tion based 
on clinical 
suspicion 

41 isolates 
(blood) from 
40 infants, 15 
isolates from 
CSF 

S pneumoniae 
10, S pyogenes 
9, Salmonella 
spp 5, positive 
CSF cultures 
predominantly 
S pneumoni-
ae 7 

Recruitment 
on the basis 
of out-patient 
referrals, likely 
to miss severe 
early onset in-
fections (rapidly 
fatal) 

Milledge  
et al44

Queen Eliza-
beth Hospital, 
Blantyre, 
Malawi 

Prospective 
descriptive 
study, referral 
hospital, EOS 
specified 

In-born neo-
nates (94%) 

Positive 
blood or 
CSF culture; 
investigation 
on the basis 
of clinical 
suspicion 

EOS: 380 
(48%) iso-
lates 

EOS: S agalac-
tiae 61 (16%), 
S aureus 57 
(15%), E coli 41 
(11%), Klebsiel-
la spp 41 (11%) 

Single-site re-
ferral hospital 

Laving  
et al45

Kenyatta 
National Hos-
pital, Nairobi, 
Kenya 

Prospective 
descriptive 
study, referral 
hospital, EOS 
not specified 

In-born neo-
nates

Positive 
CSF culture, 
investiga-
tion based 
on clinical 
suspicion 

84 patients 
investigated, 
15 positive 
cultures 

E coli 7 (47%), 
S agalactiae 4 
(27%), Klebsiel-
la pneumoniae 
2 (13%) 

Single-site re-
ferral Hospital  

English  
et al47

Kilifi District 
Hospital, 
Kenya 

Prospective 
study infant 
admis-
sions,district 
hospital, EOS 
specified 

In-born and 
outborn neo-
nates 

Positive 
blood or CSF 
culture

EOS: 41 of 
432 positive 
cultures 

EOS: Klebsiella 
spp (10), Ecoli 
(8), S agalacti-
ae (6

Single site, 
small numbers 
for EOS (41 pos-
itive isolates)

Udo et al48 University 
of Calabar 
Teaching Hos-
pital, Nigeria 

Retrospective 
review of 
infant admis-
sions, EOS not 
specified 

In-born and 
outborn neo-
natal admis-
sions 

Positive 
blood cul-
ture, investi-
gation based 
on clinical 
suspicion 

178 positive 
blood cul-
tures

S aureus 
109 (61·2%), 
unclassified 
coliforms 39 
(21·9%), Strep-
tococcus spp 15 
(8·5%), entero-
bacteriaceae 
5(2.8%) 

Single site, 
retrospective 
study 

Ghiorghis49 Ethio-Swed-
ish Children’s 
Hospital, 
Addis Ababa, 
Ethiopia 

Retrospective 
review of ne-
onatal sepsis 
admissions, 
referral hos-
pital, EOS not 
specified

In-born and 
outborn neo-
natal admis-
sions (542) 

Positive 
blood cul-
ture, investi-
gation based 
on clinical 
suspicion 

Neonatal 
sepsis rate 
11 per 1000 
live births 
(in-borns), 
151 of 542 
positive 
cultures 

Klebsiella spp 
34 (38%), E 
coli 9 (11%), 
Pseudomonas 
spp 5 (7%), S 
epidermidis 13 
(25%) 

Single site, 
retrospective 
review of ad-
missions 

Adejuyigbe 
et al50

 

Outpatient 
department, 
Ile-Ife, Nigeria 

Prospective 
descriptive 
study bacte-
rial isolates 
from young 
infants, EOS 
not specified 

Infants 
attending 
outpatients 
(7–55 days 
old) 

Positive 
blood 
culture, 
investigation 
on the basis 
of clinical 
suspicion 

54 of 124 
positive 
blood cul-
tures 

S aureus 28, 
Staphylococcus 
spp 17, Proteus 
vulgaris 3 

Single site, out-
born infants 
only, no EOS 
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Ojukwu  
et al51

Ebonyi State 
University 
Teaching Hos-
pital, Abakali-
ki, Nigeria 

Prospective 
descriptive 
study, referral 
hospital, EOS 
specified 

In-born and 
outborn neo-
natal admis-
sions 

Positive 
blood cul-
ture; investi-
gation based 
on clinical 
suspicion 

Neonatal 
sepsis rate 
7·98 per 
1000 live 
births (in-
borns), 33 of 
138 positive 
blood cul-
tures (19of 
92 inborn 
and 14 of 46 
out-born), 20 
from EOS 

EOS: S aureus 7 
(35%), E coli 4 
(20%), Strep-
tococcus spp 3 
(15%), Klebsiel-
la spp 2 (10%) 

Single-site re-
ferral centre 

CSF = cerebrospinal fluid. EOS = early onset neonatal bacterial sepsis. NA = not applicable.
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Abstract

Background

Malaria remains a significant burden in sub-Saharan Africa. However, data on burden of congenital and neo-
natal malaria is scarce and contradictory, with some recent studies reporting a high burden. Using prospec-
tively collected data on neonatal admissions to a rural district hospital in a region of stable malaria endemic-
ity in Kenya, the prevalence of congenital and neonatal malaria was described.

Methods

From 1st January 2002 to 31st December 2009, admission and discharge information on all neonates admit-
ted to Kilifi District Hospital was collected. At admission, blood was also drawn for routine investigations, 
which included a full blood count, blood culture and blood slide for malaria parasites.

Results

Of the 5,114 neonates admitted during the eight-year surveillance period, blood slide for malaria parasites 
was performed in 4,790 (93.7%). 18 (0.35%) neonates with Plasmodium falciparum malaria parasitaemia, 
of whom 11 were admitted within the first week of life and thus classified as congenital parasitaemia, were 
identified. 7/18 (39%) had fever. Parasite densities were low, ≤50 per μl in 14 cases. The presence of parasi-
taemia was associated with low haemoglobin (Hb) of <10 g/dl (�2 10.9 P = 0.001). 

The case fatality rate of those with and without parasitaemia was similar. Plasmodium falciparum parasitae-
mia was identified as the cause of symptoms in four neonates.

Conclusion

Congenital and neonatal malaria are rare in this malaria endemic region. Performing a blood slide for malaria 
parasites among sick neonates in malaria endemic regions is advisable. This study does not support routine 
treatment with anti-malarial drugs among admitted neonates with or without fever even in a malaria endem-
ic region.

Abstract word count: 263
Manuscript word count: 2,429
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Background

Malaria remains one of the most significant disease burdens in resource poor countries of sub-Saharan Af-
rica especially among children under the age of five years and pregnant women.1-4 However, there is some 
evidence that over the last decade the epidemiology of this disease has changed.5,6 Importantly, reduction 
in infection and clinical disease has been reported in several areas.3,6,7 This could be due to a combination of 
factors such as increased coverage with insecticide-treated bednets and change to more effective antimalar-
ial drugs.5,8 In addition, changes in mean age of presentation have been documented.9 The impact of climate 
on transmission dynamics and distribution of the vector is increasingly recognized.7

Malaria contributes significantly to perinatal disease burden in terms of pregnancy losses, prematurity due 
to preterm labor and intra-uterine growth retardation.10-12 Despite these well-documented indirect effects of 
malaria to the fetus and newborn, the direct burden of neonatal malaria infection in terms of prevalence and 
outcome is not well described in malaria endemic areas. Studies published so far have documented contra-
dictory levels of this burden (See additional material Table 1: a summary of key studies describing malaria in 
the neonatal period).13-16 Most of these studies were conducted in large referral or teaching hospitals, and the 
results are difficult to generalize.13-15,17,18 Furthermore, many studies lack details of internal and external lab-
oratory quality control procedures, parasite densities, and only examine a small sample of neonates.15,17,19,20 
This limitation further complicates the interpretation and application of the findings.

Given the limitations of the published data, this study describes the prevalence and outcome of congenital 
and neonatal malaria in all neonates admitted to a rural district hospital in a malaria endemic region in Kenya 
over an eight-year period from 1st January 2002 to 31st December 2009.

Methods

Location

The study was conducted at the Kenya Medical Research Institute (KEMRI) centre located at Kilifi District 
Hospital on the coast of Kenya, 60 kilometers north of Mombasa. More than seventy percent of neonates 
admitted to the hospital are born at home in a rural community where the entomological inoculation rate is 
between 0 and 120 infected bites per year, and the Plasmodium falciparum parasite prevalence in children 
aged 2-10 years ranges from 1.3-25.9.21,22 This centre has developed a prospective and continuous inpatient 
surveillance system aimed at describing the causes and features of common illnesses in a rural resource poor 
district hospital setting since the 1990’s.23,24 In addition, the hospital is located within the Kilifi epidemiolo-
gy and demographic surveillance system (EPIDSS). This is a system whereby a resident population of over 
240,000 living within a catchment area of 891 km2 is continuously monitored and vital events updated every 
four to six months. The entire area was mapped using global positioning system (GPS) and both mapping and 
population data are linked on-line to the hospital admission data. 

Government-employed clinicians in the outpatient department, working independently of the inpatient re-
search team, refer children for admission. In addition, sick neonates are admitted directly from the maternity 
department. At admission and discharge/death, standardized clinical and laboratory data are prospectively 
collected by research clinicians and directly entered into a computer database. Consent for use of the data is 
obtained from the guardian of every child at the point of admission. The Kenya National Scientific and Ethical 
Review Board approved this study (SCC protocol 1592).

Study participants and definitions

A neonate was defined as any child admitted aged 28 days or younger.25 The discharging clinician made the 
final diagnosis (e.g. neonatal sepsis, neonatal encephalopathy, or prematurity) after review of the admission 
history, inpatient management notes and laboratory investigations. A supervising clinician counterchecked 
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these diagnoses. Runsewe-Abiodun and colleagues’ definition of congenital malaria as symptoms attributa-
ble to only malaria with evidence of intra-erythrocytic asexual forms of plasmodial species in the first seven 
days of life, and neonatal malaria as intra-erythrocytic asexual forms of plasmodial species in the first 28 
days of life in a sick neonate was used.15 Any neonate requiring hospitalization was considered “sick”. For 
other diseases, a definite diagnosis of invasive bacterial disease (IBD) was made upon isolation of pathogenic 
organisms from blood culture or cerebrospinal fluid (CSF). Otherwise, sepsis was considered as the possible 
diagnosis in any newborn presenting with any one of the following signs: abnormal temperature (>37.5ºC 
or <35.5ºC) and multiple skin pustules, umbilical redness or pus, respiratory distress, lethargy, seizures or 
feeding problems.26 Meningitis was defined as a positive CSF culture, or a white cell count of >50/μl in CSF 
or a positive bacterial antigen test or gram stain.27 This approach to formulation and definition of the final 
diagnoses has been previously described in detail.28

Admission procedures

At admission, the research clinician performed emergency procedures such as correction of airway, breath-
ing, circulation, hypothermia or hypoglycaemia before taking a formal admission history and physical exam-
ination. A venous blood sample was routinely drawn (according to weight but not exceeding 3 mls) for a full 
blood count, blood slide for malaria parasite examination, blood glucose, electrolytes and microbiological 
culture. As per World Health Organization (WHO) guidelines, meningitis was considered in all neonates pre-
senting with any one of: drowsiness, lethargy, reduced feeding, high-pitched cry, irritability, apnoeic epi-
sodes, a bulging fontanel, unconsciousness or seizures and where not contraindicated, a lumbar puncture 
was performed.26 Research microscopists examined malaria slides, and their work was subject to strict quali-
ty control procedures both internally with quarterly proficiency tests, and externally as part of a quality con-
trol scheme run by the National Institute of Communicable Diseases, South Africa.29 All neonates admitted 
received empirical antibiotic treatment (ampicillin and gentamicin). A change of antibiotics and the duration 
of treatment were guided by the results of culture and the clinical response. Treatment of malaria followed 
the prevailing national guidelines.30

Analysis

Admitting clinicians entered individual patient clinical data at point of contact using a FileMaker Pro database 
(10.0 v1 Developer, FileMaker Inc, USA). Likewise, laboratory data was double entered and verified using 
FoxPro for windows (FoxPro 2.5b for Windows, Microsoft Corporation, USA). Pearson’s chi square test (or 
Fisher’s exact test as appropriate) was used to compare proportions. Analysis was performed using STATA® 
11 (Stata Corp, College Station, TX).

Results

During the study period, a total of 5,114 (59% males) neonates were admitted to Kilifi District Hospital. Most 
(67%) of the neonates admitted were less than one week old. Blood film results for malaria parasites were 
available for 4,790 (93.7%) of all neonates: 3,187(92.6%) in the first week of life and 1,606 (96%) thereafter. 
18 (0.35%) neonates with a positive blood slide for P. falciparum and no neonates with parasitaemia due to 
other plasmodial species were identified. Eleven of the eighteen were admitted within the first week of life 
and were thus classified as congenital parasitaemia. Parasite densities were low and in 14 of the cases were 
fewer than 50 per μl. Three neonates had parasite densities of 2,480, 11,600 and 22,560 per μl respectively 
and one neonate had 38/500 (7.6%) red blood cells parasitized (304,000 parasite per μl). All the cases were 
admitted between the years 2002 and 2005.
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Clinical presentation, laboratory findings, and final diagnoses of the neonates with parasi-
taemia 

The summary of the clinical and laboratory characteristics for the 18 neonates with parasitaemia is as shown 
(see additional material Table 2: Summary of the cases with neonatal parasitaemia admitted to Kilifi District 
Hospital). Seven (39%) of the neonates had fever (axillary temperature >37.2ºC) at admission. The propor-
tions of fever at admission did not differ from those without parasitaemia (�2 = 0.049, P = 0.824). Overall 
the presence of parasitaemia was associated with an Hb of <10 g/dl (�2 = 10.9, P = 0.001). Only one case 
presented with convulsions at admission. The prevalence of hypoglycaemia (blood glucose <2.6 mmols/l) at 
admission did not differ between the cases with parasitaemia and those without (�2 = 0.26, p = 0.61) 

Concomitant bacteraemia was found in two of the neonates with malaria parasitemia; one with Enterobacter 
sp. and the other Acinetobacter sp. One neonate had CSF features of meningitis: a white blood cell count of 
208 per μl and gram-negative rods on gram stain. The CSF and blood cultures were however negative (case1 
additionalfile 2).

In total, only four of the 18 neonates with parasitaemia were diagnosed to have malaria. These four were 
immediately treated with anti-malarial (intravenous quinine) drugs in addition to antimicrobial drugs for sus-
pected sepsis. Of the remaining, there were seven diagnosed as neonatal sepsis, four cases of prematurity 
with severe respiratory distress, two cases of neonatal jaundice and possibly sepsis too, and one case of men-
ingitis (additional material 2). One other neonate with a diagnosis of prematurity with respiratory distress 
and parasitaemia of 16 per μl was also started on quinine on the 3rd inpatient day when judged not to be 
improving. This newborn died on the 10th inpatient day (case 7 additional material 2).

Outcome

Five (27%) of the neonates with parasitaemia died compared to 1,006 (19.7%) of those without parasitaemia 
(Fisher’s exact P = 0.38). Four of the neonates with parasitaemia died within 24 hours of admissions, two 
possibly from overwhelming sepsis, one from a combination of severe jaundice and possible sepsis and the 
last from complications of prematurity with respiratory distress. The fifth died on the 10th inpatient day, the 
likely cause of death been complications of gross prematurity. All the four neonates with high parasitaemia 
were discharged alive. Follow-up through the demographic surveillance system revealed that all the 13 new-
borns with parasitaemia at admission, discharged into the community were still alive as of date.

Discussion

Information on the burden of malaria in early infancy, especially the neonatal period is scarce, inconclusive 
and contradictory, with a wide range of results reported.13,15,16 In this study, one of the largest surveillance of 
neonates in a malaria endemic zone, blood slides for malaria parasites examination were systematically per-
formed for all neonatal admissions. The prevalence of parasitaemia was found to be <0.5% of the neonatal 
admissions. Overall, a diagnosis of malaria was made in only four of the neonates with parasitaemia.

The result of this study therefore suggests that the burden of neonatal malaria is much less than previously 
reported. Several single centre studies in Nigeria have reported a parasitaemia prevalence in excess of 20% 
among sick neonates admitted to different hospitals in the country, and in a sizeable proportion of them, 
symptomatology attributed to the parasitaemia.15,17,18, 20, 31 However, a much larger multicentre study in the 
same country documented parasitaemia in just 5.1% of neonatal admissions.14 This finding is similar to a 
study from Ivory Coast (Cote D’Ivoire), which is almost identical in malaria endemicity to Nigeria, where a 
prevalence of <1% was reported.32 Likewise in Malawi, although the burden of malaria in infants under the 
age of six months was found to range from 2.6-6.7%, the prevalence of parasitaemia was 0.5% among those 
aged <2 months.16 High prevalence of congenital and neonatal parasitaemia (>20%) have also been previous-
ly reported in Uganda and Zambia.19,33
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The marked differences in prevalence of congenital and neonatal parasitaemia are difficult to explain. Plau-
sible explanations include real epidemiological differences and operational factors. In several recent studies, 
malaria slides read in routine service have been shown to have very poor positive predictive value when 
compared to expert microscopy.34,35 In one centre, only 13% of adults with a diagnosis of cerebral malaria 
actually had parasitaemia on their blood film.36 These data suggests that over-diagnosis of malaria may be 
widespread in sub-Saharan Africa and may lead to under-treatment for other life-threatening conditions 
such as septicemia. Emphasis should be placed on developing the capacity for rapid and reliable laborato-
ry services with adequate quality control. However, it is also possible that the variations in prevalence of 
parasitaemia and neonatal malaria between malaria endemic zones may be real, and subtle differences in 
transmission dynamics and maternal immunity may in part account for these differences.20,31 Importantly it is 
worth noting that even among sick neonates with parasitaemia (especially very low levels), it may still prove 
difficult to assign parasitaemia as the cause of ill health, because these neonates have the same clinical fea-
tures as those with other causes of neonatal admissions, particularly sepsis. In addition, one study suggests 
that septic neonates and those with suspected sepsis may be more likely to have parasitaemia.13

It is worth noting that all the cases of neonatal and congenital malaria were identified in the earlier years 
(2002-2005). It is plausible that this could partly be explained by the increased drive to combat malaria in 
the region through a combination of strategies such as increased coverage of insecticide treated mosquito 
nets, improving antenatal care and uptake of Intermittent preventive Treatment in pregnancy (IPTP), and 
finally change to a more effective anti-malarial drug that occurred during the decade.5,8 This finding mirrors 
the general reduction in the burden of hospital admissions due to malaria in the later part of this decade that 
has been reported in the region.3,5,8 

A major limitation of this study is that not all neonates with low parasitaemia were treated with antimalarial 
drugs, although all survived except the ones who died from complications of prematurity or sepsis. It is how-
ever worth noting that studies have documented that most cases of such low parasitaemia clear spontane-
ously without treatment.14,18,31 It is also worth considering that many cases of low parasitaemia may be false 
positives. Although microscopic identification of Plasmodium species remains the gold standard for diagnosis 
of malaria, Polymerase Chain Reaction may offer an attractive addition for confirmatory identification and 
diagnosis and should be explored in future studies. This may give a more accurate description of the burden 
of congenital and neonatal malaria.37 Importantly too, even in facilities located in rural settings in resource 
poor regions, a sizable proportions of ‘sick’ neonates may die before any contact with the formal health care 
system.38 The study results therefore likely represent the minimum prevalence.

Conclusions

The results of this study suggest that it is worthwhile to perform blood films on hospitalized neonates with 
fever in malaria endemic regions since though it is rare, congenital and neonatal malaria does occur. Even 
where resources are extremely limited, investigation for malaria especially among febrile neonates not re-
sponding to standard antibiotics treatment should be undertaken. However, in many instances a positive 
slide may not explain the cause of illness. Neonates with a positive slide should therefore still receive antimi-
crobial drugs for sepsis as well as antimalarial drugs. The results however do not support routine treatment 
with anti-malarial drugs for admitted neonates with or without fever, in this malaria endemic region.
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Additional material

Table1: Summary of key studies describing malaria in the neonatal period 

Study Year Country Institution 
type

Neonates 
seen N (% 
slide done)

Parasitae-
mia
N (%)

No. with 
illness Due 
to parasi-
taemia

Clinical & laboratory features
fever pallor anaemia bacter-

aemia

Akindele 1991 Nigeria Teaching 
hospital

59 (100) 14 (23.7) - - - - -

Obiajunwa 
et al.

1997 Nigeria Teaching 
hospital

120 (100) 56 (46.7) - 2 - - -

Runsewe et al. 1998-1999 Nigeria Teaching 
hospital

231 (39) 57 (24.8) 57 (24.8) 44 - 0 -

Mukhtar et al. 2002 Nigeria Teaching 
hospital

104 (100) 16 (15.3) - - - - -

Okafor et al. 2003-2004 Nigeria Teaching 
hospital

658 (95) 203 (32.5) 23 (3.7) 17 - - -

Falade et al.* 2007 Nigeria Teaching 
hospitals

1,875 (100) 95 (5.1) 32 (33.7) 32 - - 0

Ekanem et al. 2008 Nigeria Teaching 
hospital

202 (100) 71 (35.1) - - - 30 14

Adja 2005-06 Ivory 
Coast

Teaching 
hospital

615 (100) 6 (<1) - - - - -

Larru et al.** 1998-2008 Malawi Teaching 
hospital

- (0.5) - - - - -

Larkin 1989 Zambia Regional 
hospital

65 (100) 19 (29.2) 7(36.8) 7 - - -

Ndyomugyenyi 
et al.

2000 Uganda District 
hospital

510 (93) 198 (41.8) - - - - -

* Multi-centre: recruited done from four teaching hospitals in different regions within the country
** Study looked at malaria in infants aged <6 months. Data shown here represents the proportions with  
 parasitaemia among those aged <2 months
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Table 2: Summary of the neonates admitted with parasitaemia to Kilifi District Hospital 

Cases Age in 
days

Inpatient 
duration

Weight
(Kg)

Parasite
densities 
per µl

Clinical & laboratory features Outcome

Fever
history

Temper-
ature on 
admission
(◦C)

Pallor Hb
(g/dl)

Convul-
sions

Bac-
terae-
mia

Final
diagnosis

1 5 2 2.84 16 y 39.1 n 18.2 n n Meningitis alive

2 2 7 1.45 16 n 36.7 n 14.9 n n Prematurity* alive

3 13 3 2.0 16 n 37.1 y 11.8 n n Sepsis alive

4 4 5 2.10 32 n 36.8 n 18.7 n n Sepsis alive

5 5 1 1.61 16 y 39.6 n 18.4 n y Sepsis  
(Enterobacter)

died

6 0 0 1.3 32 n 37.2 n 12.3 n n Prematurity died

7 0 10 1.3 16 n 36.8 n 18.9 n y Prematurity died

8 2 4 2.95 16 n 36.8 n 16.0 n n Sepsis alive

9 5 1 2.51 48 y 37.7 n 17.0 n n Sepsis 
(Acinetobacter)

died

10 4 1 2.26 32 n 36.2 n 15.6 n n Jaundice & 
Sepsis

died

11 16 2 4.8 11,600 y 38.8 y 8.2 n n Malaria alive

12 4 4 3.14 16 y 37.2 n 14.9 n n Jaundice & 
Sepsis

alive

13 1 2 3.2 304,000 y 37.5 y 5.9 y n Malaria alive

14 12 2 1.5 16 n 36.7 n 18.2 n n Prematurity alive

15 14 1 5.26 2,480 y 37.5 y 8.6 n n Malaria alive

16 23 4 4.60 16 n 36.9 y 12.2 n n Sepsis alive

17 17 5 3.42 32 n 36.6 n 14.2 n n Sepsis alive

18 16 4 4.66 22,560 n 38.1 y 5.7 n n Malaria alive
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Abstract

Background

Acute seizures are common among children admitted to hospitals in resource poor countries. However, there 
is little data on the burden, causes and outcome of neonatal seizures in sub-Saharan Africa. We determined 
the minimum incidence, aetiology and immediate outcome of seizures among neonates admitted to a rural 
district hospital in Kenya.

Methods

From 1st January 2003 to 31st December 2007, we assessed for seizures all neonates (age 0-28 days) admitted 
to the Kilifi District Hospital, who were resident in a defined, regularly enumerated study area. The popu-
lation denominator, the number of live births in the community on 1 July 2005 (the study midpoint) was 
modelled from the census data.

Results

Seizures were reported in 142/1572 (9.0%) of neonatal admissions. The incidence was 39.5 [95% confidence 
interval (CI) 26.4-56.7] per 1000 live-births and incidence increased with birth weight. The main diagnoses in 
neonates with seizures were sepsis in 85 (60%), neonatal encephalopathy in 30 (21%) and meningitis in 21 
(15%), but only neonatal encephalopathy and bacterial meningitis were independently associated with sei-
zures. Neonates with seizures had a longer hospitalization [median period 7 days - interquartile range (IQR) 4 
to 10] -compared to 5 days [IQR 3 to 8] for those without seizures, P = 0.02). Overall, there was no difference 
in inpatient case fatality between neonates with and without seizures but, when this outcome was stratified 
by birth weight, it was significantly higher in neonates ≥2.5 kg compared to low birth weight neonates [odds 
ratio 1.59 (95% CI 1.02 to 2.46), P = 0.037]. Up to 13% of the surviving newborn with seizures had neurolog-
ical abnormalities at discharge.

Conclusion

There is a high incidence of neonatal seizures in this area of Kenya and the most important causes are neona-
tal encephalopathy and meningitis. The high incidence of neonatal seizures may be a reflection of the quality 
of the perinatal and postnatal care available to the neonates.

Abstract word count: 315
Manuscript word count: 3,797
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Background

The first month of life is one of the highest risk periods for seizures1 and seizures are the most common 
manifestation of neurological conditions in the neonate.2 Neonatal seizures have been shown to be a major 
risk factor for inpatient death and subsequent neurological disability.3-5 They show marked differences from 
seizures in older age groups: tonic-clonic seizures, common in children and adults, are rarely seen in the neo-
nate6 and electro-clinical dissociation [that is, seizure activity on electroencephalography (EEG) without clin-
ically observed manifestations] are more common in neonates than in other age groups.7 These differences 
can result in either over or under-estimation of the incidence of neonatal seizures.8 In addition, the advance-
ment in the treatment of neonatal seizures has changed little compared to seizures in the older population. 
Phenobarbital, introduced in 1914, remains the drug of choice especially in resource-poor settings.9,10

Studies of neonatal seizures in developed nations show that most ictal events are secondary to acute neuro-
logical insults such as hypoxic ischaemic encephalopathy (HIE), stroke or infection.5,11 In sub-Saharan Africa, 
HIE has also been strongly associated with many cases of early-onset neonatal seizures.12 However, the pres-
ence of the identified risk factors for HIE, such as pH <7, Apgar score <5 at 5 min and the requirement for 
intubation, have proved to be unreliable predictors of neonatal seizures in this region.13 In the short term, 
seizures in the neonate may be associated with higher inpatient death and prolonged inpatient stay.12,14 In 
the long term, neonatal seizures are associated with an increased risk of neuro-disability including epilepsy, 
cerebral palsy and delayed neurodevelopment.4,15-17

Although neonatal seizures are a common problem in hospitalized neonates in the region,12,18,19 few African 
studies have examined the burden and causes of seizures or the outcomes of treatment. The higher rates of 
neonatal encephalopathy, neonatal sepsis and premature births in developing countries20 suggest that the 
incidence may be much higher than that reported in the West. In Ethiopia, one hospital based study found 
an incidence of 13.6 per 1000 live births.12 More recently, in a study in which we examined the aetiology 
of acute seizures in Kenyan children, the incidence was found to be highest during the neonatal period.14 
In the current study, we recruited all neonates from the same defined geographical area of coastal Kenya 
hospitalized with seizures over a 5-year period in order to estimate the incidence, aetiology and outcome of 
hospitalization.

Methods

Location

Since 1998 we have conducted continuous inpatient surveillance aimed at describing the causes and features 
of common illnesses among Kenyan children in the Kilifi District Hospital.21,22 The hospital is located within 
the Kilifi epidemiology and demographic surveillance system (EPI-DSS). This is a system where a resident pop-
ulation of over 240,000 living within a catchment area of 891 km2 is continuously monitored and vital events 
updated every 4 months. The entire area was mapped using global positioning system and both mapping and 
population data are linked on-line to the hospital admission data.

Standardized clinical and laboratory data is prospectively collected on admission and at discharge or death 
by clinical and medical officers and directly entered into a computer database. For this analysis, we used data 
for patients admitted over a 5-year period from 1st January 2003 through to 31st December 2007, since this 
is the period during which we had reliable data. Consent for use of the data was obtained from the guardian 
of every individual child at point of admission and the study was approved by Kenyan National Scientific and 
Ethical Review Board.
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Study participants and definitions

For the purpose of this study, we defined a neonate as any child admitted aged 28 days or younger.23 Seizures 
were defined as reported or observed repeated involuntary muscle contractions, abnormal tonic extensions 
or jerky movements of any part of the limb, face or mouth that was not stimulus sensitive or repetitive 
abnormal chewing, ocular or pedaling movements. The discharging clinician made the final diagnosis (for 
example, neonatal sepsis, neonatal encephalopathy or prematurity) after review of the admission history, 
inpatient management notes and laboratory investigations. These diagnoses were checked by a supervising 
clinician and followed the current World Health Organization (WHO) guidelines for the management of com-
mon illnesses in hospitals with limited resources.10 The diagnoses are outlined in supplementary information. 
A definite diagnosis of invasive bacterial disease was made upon isolation of pathogenic organisms from 
blood culture or cerebrospinal fluid (CSF). Otherwise sepsis was considered as the possible diagnosis in any 
newborn presenting with any one of the following signs: abnormal temperature (>37.5ºC or <35.5ºC) and 
multiple skin pustules, umbilical redness or pus, respiratory distress, lethargy, seizures or feeding problems.10 
Meningitis was defined as positive CSF culture or a white cell count of >50/μL in CSF or a positive bacterial 
antigen test or gram stain.24 Prematurity was considered in any neonate born before 37 completed weeks if 
the last date of monthly period was known or in infants whose estimated gestation was less than 37 com-
pleted weeks.25 Neonatal encephalopathy was considered in any newborn who had history of a poor Apgar 
score (<7) at 5 min (if delivered in hospital) with accompanying history and signs such as poor cry, feeding 
problems, restlessness, agitation, hypotonia, hypertonia, seizures and coma, or similar symptoms and signs 
after excluding other possible causes for the home-birth admissions. A diagnosis of neonatal jaundice was 
made when the total plasma bilirubin levels (as measured by the Neobil, Schuco International, London, UK, 
2005) were elevated above an established threshold for phototherapy for the age, gestation, weight and 
clinical features.26 We considered any neonate presenting with trismus or spasms occurring on stimulation 
or spontaneously with or without feeding difficulties to have neonatal tetanus. Since we recorded up to two 
final diagnoses at discharge or death using all available clinical, laboratory and radiological information, the 
sum total of all final diagnoses may overlap or exceed 100%.

Admission procedures

At admission, the clinician performed emergency care procedures such as correction of hypothermia, hypox-
aemia, hypoglycaemia and hypovolemia before taking a formal admission history. The history included the 
number and where possible a parental description of the seizure types and interventions already offered. 
The physical exam included a formal assessment of the gestational age,25 determination of a possible site of 
infection and any injuries. A venous blood sample was drawn (according to weight but not exceeding 3 mL) 
for a full blood count, blood glucose, electrolytes and microbiological culture. Hypokalaemia was defined as 
plasma K+<3.0 mmol/L, hyperkalaemia as K+>5.0 mmol/L, hyponatraemia (moderate-severe) as Na+<125 
mmol/L and impaired renal function as plasma creatinine >80 μmol/L. Hypoglycaemia was considered in 
any child with a blood glucose <3 mmol/L. As part of the WHO guidelines, meningitis was considered in all 
neonates presenting with any one of: drowsiness, lethargy, reduced feeding, high pitched cry, irritability, 
apnoeic episodes, a bulging fontanel, unconsciousness or seizures and, where not contraindicated, a lumbar 
puncture was performed.10 All received empirical antibiotic treatment (penicillin and gentamicin). A change 
of antibiotics and the duration of treatment were guided by the results of culture and the clinical response. 
There were no facilities to identify viral causes of meningoencephalitis. 

Data management and statistical considerations

Admitting clinicians entered individual patient clinical data at point of contact using a FileMaker Pro database 
(5.5v1 Developer, FileMaker Inc, CA, USA). Likewise, laboratory data was double entered and verified using 
Fox-Pro for windows (FoxPro 2.5b for Windows, Microsoft Corporation, WA, USA). We used Stata 9.2 (Stata 
Corp,Texas, USA) to conduct the final analysis. In order to calculate the incidence of neonatal seizures, the 
denominator, the population of live births (total and by sex) in the demographic surveillance area at the mid-
point of the study (1st July 2005) was estimated to be 708 of whom 339 were males. The estimate was based 
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on a log-linear regression model of re-enumeration points dated between 27th April 2001 and 30th June 2007. 
The rates are expressed as events per 1000 live births per year. We then compared the clinical and labora-
tory features in newborns with and without seizures to describe the clinical risk and aetiological factors for 
neonatal seizures. We used Pearson’s chi square test (or Fisher’s exact test as appropriate) to compare pro-
portions. We compared the medians of skewed data using the Mann Whitney-Wilcoxon’s rank-sum test and 
applied the Mantel-Haenszel estimate to quantify the effect of seizures on inpatient death while controlling 
for weight. Data is presented with crude odds ratios (OR) and a P-value <0.05 was considered significant. In 
order to determine the risk factors independently associated with seizures, we entered clinical and labora-
tory parameters with a P-value < 0.1 at univariable analysis into a multiple logistic regression model using a 
stepwise entry system.

Results

General description

From January 2003 to December 2007 a total of 24,935 children were admitted to the Kilifi District Hospital 
of whom 3302 (13.2%) were neonates (age ≤28 days, 60% males). Seizures were reported by parents or car-
ers in 244 (7.4%) of all incident neonatal admissions irrespective of place of residence (study or non-study 
area). Of the 3302 neonates, we excluded 1702 (51%) admissions from outside of the study area (Figure 1).

Incidence

Among the 1600 neonates identified from the study area, 28 (1.8%) were readmissions and six of these had 
seizures. We excluded these non-incident admissions from further analysis. One hundred (6%) neonates out 
of the 1572 incident admissions from the study area were admitted with seizures. In addition, another 42 
neonates developed seizures after admission to the ward. Thus, there were a total of 142 (9%) neonates with 
seizures among the incident admissions from the study area. Overall, the incidence of neonatal seizures was 
[39.5 ([95% confidence interval - CI - 26.4-56.7)] per 1000 live births per year. The incidence was [13.6 (95% 
CI 9.6-17.2)] per 1000 live births in the first 48 hrs, [8.5 (95% CI 6.1-12.3)] per 1000 live births in the next 2 
to 7 days of life and [18.6 (95% CI 15.4-23.0)] in the rest of the neonatal period. The incidence did not differ 
by sex (�2 = 0.005, P = 0.95). 

Two thirds of all neonatal admissions were delivered at home (out-born) of whom 100/1,047 (9.6%) had sei-
zures compared to 42/525 (8.0%) born in hospital (�2 = 1.02, p = 0.31). The prevalence of seizures increased 
with birth weight. Seizures were reported in 3/196(1.5%) of neonates with a birth weight <1.5 kg, in 7/159 
(4.4%) of those with weights 1.5-<2.0 kg, 27/238 (11%) of those with weights 2.00-2.49 kg and 105/967 
(11%) of those with a birth weight ≥ 2.5 kg, (�2for trend = 4.92, P < 0.001). 

Clinical presentation, laboratory findings and diagnosis in neonates with seizures

Clinical presentation

Forty six of the 142 neonates (32.3%) had seizures within the first 48 hrs of life, 30 (21.1%) had seizures on 
days 3-7 and in the remaining 66 (46.5%), seizures occurred after the first week of life. Over 50% of seizures 
occurred within the first week of life and the majority of neonates, 79/142 (56%), had more than one episode 
within 24 hrs. The median number of seizures on presentation was three [interquartile range [IQR] 2 to 7). 
However, there was no significant difference between the number of seizures among newborns who died 
and those discharged alive, (Wilcoxon rank-sum test, P = 0.34).

Neonates with seizures were older at presentation compared to those without seizures and the median age 
of neonates with seizures was 6 (IQR 2 to 15) days compared to 4 (IQR 0 to 11) days for those without sei-
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zures, P < 0.001. Although a history of fever was more common in newborns presenting with seizures, there 
was no difference in the proportion of seizures among those with and without an axillary temperature of 
≥37.5ºC. The duration of fever in the two groups was also similar (Table 1).

Laboratory findings

The blood glucose concentration at admission was documented in 1227 (78%) of the resident and incident 
neonatal admissions. Hypoglycaemia was observed in 277/1227 (22.3%) neonates. The proportions with 
hypoglycaemia at admission were similar in those with [23/ 125 (18%)] and without seizures [254/1,102 
(23%)], �2 =1.4, P = 0.24. The proportions of other key laboratory and clinical characteristics of those with and 
without seizures are as shown in (Table 1).

Of the clinical and laboratory features (fever, irritability, age, inability to breast feed, bulging fontanel and 
isolation of a pathogenic organism in CSF) that were associated with seizures on univariable analyses, only 
fever, irritability, bulging fontanel and isolation of a pathogenic organism in CSF were independently associ-
ated with seizures (Table 1).

Diagnoses

The most frequent discharge diagnosis among neonates with seizures was neonatal sepsis 85 (60%), fol-
lowed by neonatal encephalopathy 30 (21%) and neonatal meningitis 21(15%) but only a diagnosis of neo-
natal encephalopathy or neonatal meningitis were independently associated with seizures (Table 2). Lumbar 
puncture (LP) for the evaluation of meningitis was more likely to be performed in neonates presenting with 
seizures; 107/142 (75%) of neonates with seizures had a (LP) compared to 569/1430 (40%) of those without 
seizures, �2 = 67, P < 0.001. In addition, among neonates that had an LP, an infectious agent was more likely to 
be isolated in CSF if the neonate presented with seizures [9/107 (8.4%) compared to 11/569 (1.9%)] of those 
without seizures, �2 = 31.4, P < 0.001. 

Although sepsis or meningitis was frequently suspected in neonates with seizures, an infective agent in either 
blood or CSF was isolated in only 16 of the 142 (11.3%) neonates with seizures. Nine out of sixteen of these 
had isolates grown from CSF. A diagnosis of bacterial meningitis was made in 21 (15%) of the cases with 
seizures. In nine cases, this was from a positive CSF culture. The commonest isolates from CSF were Strep-
tococcus pneumoniae (three cases) and non-typhoidal salmonella (two cases). There was one case each of 
beta haemolytic streptococci, Staphylococcus . aureus, Escherichia coli and I. The diagnosis of meningitis in 
the other 12 neonates was based on an elevated CSF white cell count ≥ 50 μL. 

A diagnosis of neonatal encephalopathy was made in 227/1572 (14%) of all incident neonatal admissions 
from the study area. A higher proportions [30/227 (13.2%)] of the cases of neonatal encephalopathy had 
seizures compared to all other diagnosis, [112/1345 (8.3%)], �2 = 5.7,P = 0.02. 

Neonatal encephalopathy was the leading diagnosis in neonates admitted with seizures within the first 48 
h of life, 28/46 (60.1%). Only two of this had meningitis and the remaining 16 had neonatal sepsis, three of 
whom had culture positive sepsis. After the first 48 h, but within the first week of life, neonatal sepsis was 
the predominant diagnosis. However, meningitis was diagnosed in six cases. Meningitis was also common 
after the first week of life (13/66 [19.7%]) although neonatal sepsis (43/66 [65.2%]) was still the commonest 
diagnosis.

Immediate outcome of neonatal seizures

Neonates with seizures had a longer hospitalization. The median period of inpatient stay among neonates 
with seizures was seven (IQR 4 to 10) days compared to five (IQR 3 to 8) for those without seizures, P = 0.02.



209273-L-bw-Mwaniki209273-L-bw-Mwaniki209273-L-bw-Mwaniki209273-L-bw-Mwaniki

CHAPTER 9 | NEONATAL SEIZURES: AETIOLOGY, INCIDENCE AND OUTCOME

150

Three hundred of the 1572 (19.1%) neonates died. Neonates with low admission weight (<2.5 kg) had a high-
er case fatality 194/593 (33%), compared to those weighing (≥2.5 kg) 97/967 (10%), �2 = 125, P < 0.001. There 
was no difference in case fatality between neonates with and without seizures, �2 = 0.76, P = 0.38. However, if 
this was stratified by weight, seizures were associated with higher case fatality in neonates ≥2.5 kg compared 
to low birth weight infants [<2.5 kg (OR 1.59 [95% CI 1.02 to 2.46), P = 0.037].

Of the 32 deaths in neonates with seizures, 12 (38%) were suspected to have sepsis and five (16%), menin-
gitis. However, an infective organism was isolated in only four of these. Of the remaining babies, eight (25%) 
had neonatal encephalopathy, four had severe neonatal jaundice and three had tetanus. In addition, seven 
(22%) children who died were hypoglycaemic on admission and 14 (44%) had an abnormal core temperature 
(<36.0ºC or >37.5°C). In total 15 (47%), of the neonates with seizures who died were low birth weight (<2.5 
kg) with three (10%) weighing <1.5 kg.

On discharge, 14/110 (13%) of the surviving neonates had an abnormal neurological exam. Of the 14, four 
had hydrocephalus, three were discharged on long-term Phenobarbital due to recurrent seizures, another 
three had a poor sucking reflex and two had spasticity. The remaining two newborns though not classified as 
normal had subtle undefined neurological abnormality. Follow up through our surveillance system showed 
that 16/1,271 (9.1%) of all neonates died post-discharge and there was no difference between those admit-
ted with or without seizures �2 = 1.78, P = 0.18. 

Discussion

Children living in this rural area of Kenya experience a very high burden of acute seizure disorders. In a previ-
ous report, we indicated that the minimum incidence of acute seizures in children 0-13 years of age is as high 
as 425 per 100,000/year.14 Although available data suggests that children younger than 5 years have an even 
higher burden of acute seizure disorders and that neonatal diseases are major aetiological factors,4,14,27 the 
burden and causes of acute neonatal seizure disorders in rural African settings has been poorly document-
ed.12,14 In this study, the incidence of neonatal seizures was 39.5 (95% CI 26.4-56.7) per 1000 live births and 
the most common diagnoses associated with seizures were neonatal encephalopathy and meningitis.

The incidence of acute neonatal seizures 

The incidence data we describe is the minimum since not all neonates would have attended the Kilifi District 
Hospital. In the earlier study, it was estimated that only 20% of children with seizures in the community may 
have been admitted to hospital.14 It is also worth noting that up to two-thirds of deaths in children <5 years 
in this community occur outside the hospital and this proportion may even be higher among neonates since 
the majority are born at home.20,28 It is plausible that many neonates with seizures may be dying in the com-
munity before reaching the hospital. Moreover, distance from hospital also affects hospital attendance.14 
Thus, our data could have greatly underestimated the incidence of seizures in neonates in this community.

Despite the above caveats, the study suggests that the incidence of neonatal seizures in this setting is much 
higher than that reported from developed nations4,27 and this may reflect the high prevalence of risk factors 
for neonatal brain insult in this community. Very few other centres in developing countries have attempted 
to quantify the burden of neonatal seizures. Previously, based on a small sample of just 43 neonates, we 
estimated the incidence to be 14.0 per 1000 live births.14 Similarly In Ethiopia, the incidence was found to be 
13.6 per 1000 live births12 but the report only included early onset seizures (those occurring within 48 hrs 
of life) which may explain the much lower incidence. This study, with a longer surveillance period (5 years) 
covering the entire neonatal period, may present a more accurate estimate of the overall burden of neonatal 
seizures in the region.
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Diagnoses, inpatient outcome and implications for public health

Although neonatal sepsis was a common diagnosis, it was not independently associated with seizures. Im-
portantly, isolation of a pathogenic organism in blood alone was not associated with seizures. The two prin-
cipal diagnoses associated with seizures were neonatal encephalopathy and meningitis. The increased inpa-
tient case fatality associated with seizures supports previous reports.3,5 However, it is worth noting that this 
difference was only significant for the term-weight newborn. The lack of association between seizures and 
death in the low-weight neonates may have been veiled by the very high case fatality (>30%), especially in 
the preterm babies. 

Although debate continues on whether seizures in the neonatal period cause brain damage or are just an 
epiphenomenon of insults already sustained from the underlying pathology, available evidence suggest that 
long-term outcome is largely dependent on the cause of the seizure.3,5 Our findings, that up to 13% of all 
newborn with seizures had neurological abnormalities at discharge, is supported by community-based stud-
ies in this region that identified neonatal insults as the key risk factor for moderate and severe neurological 
impairment.29 However, higher levels of neurological abnormalities at discharge and on long-term follow up 
have been reported in studies in developed countries.3-5 It is plausible that the relatively lower prevalence 
of neurological abnormalities on discharge may be a reflection of the very high inpatient neonatal death. 
Likewise, the high post discharge neonatal deaths (close to 10%), irrespective of seizures, may have an impli-
cation on prevalence of neurological abnormalities in the long term.
 
The two most common diagnoses associated with neonatal seizures were infections and neonatal encepha-
lopathy. Both conditions are preventable and, using simple public health interventions, it should be possible 
to reduce the burden of neonatal seizures and neonatal brain injury in the region. Broad measures, such as 
ensuring safe deliveries, appropriate neonatal resuscitation and prevention and early treatment of infections 
in the newborn period, may reduce this burden.30 

In this study, we were only able to document seizures that were clinically evident. It is possible that we missed 
subclinical seizures and, given the fact that electro-clinical dissociation is more common in neonates than in 
other age groups,7 the electroencephalograph monitoring could have led to our further underestimating the 
burden of seizures. Secondly, for out-born neonates, the Apgar scores were not available and so we used the 
history and the physical state of the child on admission to make the diagnosis of neonatal encephalopathy. 
Thirdly, neuro-imaging was unavailable and so we are unable to establish other causes of seizures such in-
tracranial and periventicular haemorrhages. Fourth, as many of the births occurred at home and there was a 
lack of any consistent data on gestational age, we were unable to examine the effect of gestational age on the 
prevalence of seizures and on outcome. Finally, this study did not examine in detail the long-term outcome 
of neonates with seizures.

Conclusion

In conclusion, newborns in this rural area of Kenya have a high incidence of seizures and neonates with sei-
zures have a longer hospitalization, increased case fatality in heavier neonates and neurological deficits on 
discharge. The main causes of seizures are birth-related complications such as neonatal encephalopathy and 
infections, especially meningitis. Public health interventions aimed at ensuring safe deliveries, appropriate 
neonatal resuscitation and prevention of infections in the newborn period may help to reduce the high in-
cidence. Prospective studies on the long-term neurological and developmental outcome following neonatal 
seizures are needed.
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Figure 1: Neonatal admission to Kenyan District Hospital from January 2003 to December 2007.

Table 1: Clinical and laboratory features at admission
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Table 2: Clinical diagnosis and neonatal seizures

Supplementary information

Definitions of discharge diagnoses

Invasive bacterial disease: Positive blood or CSF cultures.
Possible sepsis: Presentation with either one of the 
• abnormal temperature (>37.5ºC or <35.5ºC),
• multiple skin pustules,
• umbilical redness or pus,
• respiratory distress, lethargy, seizures or feeding problems.

Meningitis: Presentation with either one of the following:
• positive CSF culture,
• white cell count of >50/μL in CSF,
• positive bacterial antigen test or gram stain.

Prematurity: Documentation of gestation age below 37 completed weeks by:
• where last monthly period is known and expected date of delivery can be calculated,
• acceptable gestation age estimation criteria with:
• ultrasound,
• the Dubowitz.

Neonatal encephalopathy
• • No cry at birth, poor Apgar score (<7) at 5 min.
• • An accompanying history of feeding problems,restlessness, agitation, hypotonia, hypertonia, seizures 

and coma, or similar symptoms and signs after excluding other possible.

Neonatal jaundice: Significant total plasma bilirubin levels for age, weight and clinical picture of newborn 
requiring at least phototherapy.

Tetanus: • Spasms that may be provoked or spontaneous, • Trismus.
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Summary

Background

Neonatal interventions are largely focused on reduction of mortality and progression towards Millennium 
Development Goal 4 (child survival). However, little is known about the global burden of long-term con-
sequences of intrauterine and neonatal insults. We did a systematic review to estimate risks of long-term 
neurocognitive and other sequelae after intrauterine and neonatal insults, especially in low-income and mid-
dle-income countries.

Methods 

We searched Medline, Cumulative Index to Nursing and Allied Health Literature, the Cochrane Library, and 
Embase for studies published between Jan 1, 1966, and June 30, 2011, that reported neuro-developmental 
sequelae after preterm or neonatal insult. For unpublished studies and grey literature, we searched Disser-
tation Abstracts International and the WHO library. We reviewed publications that had data for long-term 
outcome after defined neonatal insults. We summarized the results with medians and IQRs, and calculated 
the risk of at least one sequel after insult.

Findings

Of 28,212 studies identified by our search, 153 studies were suitable for inclusion, documenting 22,161 sur-
vivors of intrauterine or neonatal insults. The overall median risk of at least one sequela in any domain was 
39·4% (IQR 20·0-54·8), with a risk of at least one severe impairment in any insult domain of 18·5% (7·7-33·3), 
of at least one moderate impairment of 5·0% (0·0-13·3%), and of at least one mild impairment of 10·0% (1·4-
17·9%). The pooled risk estimate of at least one sequela (weighted mean) associated with one or more of 
the insults studied (excluding HIV) was 37·0% (95% CI 27·0-48·0%) and this risk was not significantly affected 
by region, duration of the follow-up, study design, or period of data collection. The most common sequelae 
were learning difficulties, cognition, or developmental delay (n=4,032; 59%); cerebral palsy (n=1,472; 21%); 
hearing impairment (n=1,340; 20%); and visual impairment (n=1,228; 18%). Only 40 (26%) studies included 
data for multi domain impairments. These studies included 2,815 individuals, of whom 1,048 (37%) had im-
pairments, with 334 (32%) having multiple impairments.

Interpretation

Intrauterine and neonatal insults have a high risk of causing substantial long-term neurological morbidity. 
Comparable cohort studies in resource-poor regions should be done to properly assess the burden of these 
conditions, and long-term outcomes, such as chronic disease, and to inform policy and programme invest-
ments.

Abstract word count: 383
Manuscript word count: 3,389
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Introduction

Nearly 140 million children per year are born worldwide, with 3·6 million neonatal deaths and 2·6 million 
stillbirths.1-3 More than 90% of neonatal deaths occur in resource-poor countries, mostly in rural areas.4 

Worldwide, an increasing proportion (currently morethan 40%) of mortality in children younger than 5 years 
occurs in the neonatal period (aged 0-28 days), which has led to increased attention to neonatal mortality. 
The common causes of neonatal mortality include preterm birth complications, intrapartum-related factors 
such ashypoxic ischaemic encephalopathy, infections (notably sepsis, meningitis, and neonatal tetanus), and 
other conditions such as jaundice and congenital infections (cytomegalovirus, toxoplasma, syphilis, and ru-
bella).4-6 However, the prevalence of these insults and the long-term consequences for neonates who sur-
vive, particularly in resource-poor regions, are unclear.4

Many neonates survive major insults without any evidence of impairment because of the plasticity of the 
developing brain and improvements in medical care. However, in some newborn babies, insults can cause 
varying degrees of long-term neurodevelopmental impairments.5-8 These impairments cause a major socio-
economic burden, especially in resource-poor countries .Intrauterine and neonatal insults substantially affect 
the global burden of disease, measured in disability-adjusted life-years, because they contribute to both 
premature mortality and long-term disability.9 However, little is known about the severity and distribution 
of long-term impairments after intrauterine or neonatal insults. As a result, sequelae from intrauterine and 
neonatal insults have not been adequately captured in estimates of the global burden of disease.10

We reviewed published data for the long-term consequences of intrauterine and neonatal insults. The ques-
tions addressed were: what are the long-term outcomes after intrauterine and neonatal insults (neonatal 
sepsis, neonatal meningitis, hypoxic-ischaemic neonatal encephalopathy, neonatal jaundice, preterm birth, 
neonatal tetanus, congenital infections [cytomegalovirus, toxoplasma, syphilis, rubella], and HIV)? What is 
the risk and severity of at least one sequela and of multiple sequelae reported after these insults? And what 
is the risk and severity of sequelae after multiple insults for one infant?

Methods

Search strategy and selection criteria

We included studies that reported neurological outcomes after an identifiable and well defined neonatal 
insult (Supplementary appendix). We searched Medline, Cumulative Index to Nursing and Allied Health Lit-
erature, the Cochrane Library, and Embase for studies published between Jan 1, 1966, and June 30, 2011. 
For unpublished studies andgrey literature, we searched Dissertation Abstracts International and WHO li-
brary. The initial search strategy used the words “neonate” and “outcome”, and each of the exposures (eg, 
“jaundice”) listed in Supplementary appendix. These searches were refined by the addition of terms such as 
“complications” or “diagnosis”(Supplementary appendix). Further searches were done by replacement of 
“outcome” with “sequela”, which were then refined by addition of specific outcomes, for example, “neuro-
logical impairment” (Supplementary appendix). The reference list of all identified reports and articles were 
manually searched for additional studies. No language restrictions were used.

We reviewed the online abstracts of studies identified in the database searches and obtained reprints of 
potentially eligible studies. Disagreements about eligibility were resolved by discussion in a final review with 
CRJCN. Inclusion criteria were: occurrence of the insult during the intrauterine or neonatal period (up to 28 
days of life); insults were verified with the appropriate diagnostic method or criteria (Supplementary appen-
dix); follow-up of at least 6 months after the neonatal insult to exclude transient impairments and capture 
sequelae that become evident later (eg, epilepsy); use of standardised tests or controls in neurodevelop-
mental assessment; at least 80% of neonates surviving the insult identified for follow-up for at least the first 
6 months; and study publication between Jan 1, 1966, and June 30, 2011inclusive. We excluded case series, 
single case reports, and reviews.
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Data extraction

Two reviewers (MKM and MA) examined the titles, abstracts, and studies independently with identical case 
definitions and study selection criteria (Supplementary appendix).Data were organised into broad domains 
for each insult: learning difficulties, cognition or developmental delay; seizures, convulsion, or epilepsy; be-
havioural problems; cerebral palsy; and hearing and vision. Additionally, a category for gross motor and coor-
dination disorders was included to capture data from studies that did not explicitly identify cerebral palsy but 
reported gross motor function or coordination difficulties. When a single study described multiple insults, 
data from the various insults were extracted separately.

To assess the severity of the reported sequelae, we used the definitions of severity of sequelae from the 
Global Burden of Disease, Disease Control Priorities Project.9 We developed a table to include commonly 
reported mild to moderate impairments. To do so, we took into account the functional range when a stand-
ardized test was applied, and the degree of difficulty in doing routine age appropriate self-care and motor 
activities (Table 1).

Statistical analysis

We summarized the results by calculation of the medians and IQRs of the proportions of individual with 
any sequela resulting from each insult independently and overall. Similarly, we recorded the proportions of 
impairments that were severe, moderate, or mild. Most of the studies reported the number of patients for 
each impaired domain separately (eg, number or percentage with hearing loss), omitting to systematically 
assess all domains and describe those with multiple impairments. Thus, we could not easily derive mutually 
exclusive categories for each domain (eg, cerebral palsy only, or learning difficulties only); therefore some 
overlap was unavoidable.

To investigate the effect of covariates (WHO region, period of data collection, study design [prospective or 
retrospective], and duration of follow-up after discharge from hospital) on the risk of at least one sequel, 
each covariate was categorized into subgroups. We did a random effect meta-analysis of all available studies 
in each subgroup to calculate estimates of risk for each covariate – eg, for duration of follow-up we calculated 
estimates for less than 12 months, 12-35 months,36-60 months, and more than 60 months. We examined 
each covariate fitted singly and compared estimates with the most prevalent subgroup by number of survi-
vors followed up and assessed (bivariate meta-regression). Finally, we included all the four covariates in a 
multivariable meta-regression analysis. We calculated heterogeneity with I².11 All analyses were done with 
Stata (version 11.0).

Role of the funding source

The sponsors of the study had no role in study design, data collection, data analysis, data interpretation, or 
writing of the report. The corresponding author had full access to all the data in the study and had final re-
sponsibility for the decision to submit for publication.

Results

Our search identified 28, 212 publications. From the titles we selected 1,330 (5%) for review of the abstract 
and finally selected 949 studies for detailed review (Figure 1).We excluded 796 (84%) after assessment of full 
text because they did not meet the inclusion criteria. The main reasons for exclusion were that numbers of 
survivors with sequelae could not be extracted; no clear description or diagnosis of the neonatal insult was 
provided; less than 80% of survivors were followed up after definite exposure in the first 6 months; and no 
appropriate test to establish the nature and extent of the sequelae or impairment was done (Figure 1). Addi-
tional reports were excluded because they were reviews, case series, or commentaries.
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We were unable to identify any unpublished data that met our inclusion criteria. 153 studies were included 
(Figure 1). 49 (32%) presented data for preterm birth, 28 (18%) for hypoxic ischaemic encephalopathy, 21 
(14%) for neonatal jaundice, ten (6%) for meningitis, and five (3%) for sepsis. Five studies presented data for 
more than one insult. 68 papers (44%) were from the Americas (65 from North America and three from South 
America), 59 from Europe, 15 from the western Pacific, five from southeast Asia, three from Africa, and one 
from the eastern Mediterranean. Two studies covered several regions. The Supplementary appendix shows 
the references of these studies.

Table 2 summarizes the prevalence of each impairment per insult and overall. 22,161 (82%) of the survivors 
(excluding those with HIV) were followed up and assessed. The median number of survivors per study was 
50 (IQR 24-113). The median percentage loss to follow-up was 8·1% (0·0-23·9). 6,851 (31%) of survivors 
assessed had an impairment. The most common impairments were learning difficulties, cognition, or devel-
opmental delay (n=4,032; 59%); cerebral palsy (1,472; 21%); hearing impairment (1,340; 20%); and visual 
impairment (1228; 18%). Behavioral problems were reported in 718 patients (11%, IQR 5-25; Table 3). The 
overall median risk of at least one sequela in any domain was 39·4% (IQR 20·0-54·8), with a risk of at least 
one severe impairment in any one domain of 18·5% (7·7-33·3), at least one moderate impairment of 5·0% 
(0·0-13·3), and at least one mild impairment of10·0% (1·4-17·9).

In nine studies most infants had more than one insult. Most (2,405; 98%) survivors who had sepsis were 
born prematurely. For survivors with preterm birth as the only insult, quantification of the degree of impair-
ment by gestational age at birth was a challenge because of overlapping gestations in the studies. 13 studies 
specifically examined newborn babies who weighed 1,500gms or less. The risk of at least one sequela in 
this subgroup was 26·7% (23·9-44·4). The concentration of total serum bilirubin can affect the likelihood of 
brain impairment. Therefore, we separately analyzed data from studies of neonates who had bilirubin con-
centrations of ≥400 μmol/L or more. 395 neonates were followed up, and 117 (30%) had impairments. The 
most common impairments were gross motor (n=72, 62%) and sensorineural hearing loss (n=23, 20%). The 
overall risk of impairments in this subgroup was 26·9% (IQR 16·7-61·5), with 18·0% (3·1-33·3) having severe 
impairments. 505 preterm neonates had hyperbilirubinaemia, of whom 488 (97%) were followed up and 
assessed, and 140 (28%) had impairments. Of those impaired, 60 (43%) had learning difficulties, 39 (28%) 
cerebral palsy, and 33 (24%) sensorineural hearing loss (eight had mixed impairments). The median risk of at 
least one sequela in any domain in preterm newborns with hyperbilirubinaemia was 29·4% (IQR 27·3-45·0).

Only 40 (26%) studies presented data for multi domain impairments. These studies included 2,815 individ-
uals, of whom 1,048 (37%) had impairments, with 334 (32%) having multiple impairments. In those with 
multiple impairments, 175 (52%) had three or more sequelae, all with cerebral palsy and learning difficul-
ties plus a third or fourth impaired domain such as vision or hearing. 64 (19%) patients had a combination 
of cerebral palsy plus learning difficulties only, whereas 34 (10%) had cerebral palsy plus epilepsy. Learning 
difficulties or cerebral palsy in combination with another impaired domain (excluding each other or epilepsy) 
was documented in 39 (12%) patients. Two studies documented HIV infection during the neonatal period.12,13 
36 neonates were infected before the end of the neonatal period, of whom 15 (42%) had learning difficulties 
compared with 13 of 56 (23%) of those infected after the neonatal period. We excluded HIV from the final 
pooled estimate because of the small sample sizes in the two studies.

The pooled risk estimate of development of at least one sequela (weighted mean) in any domain for all in-
sults (excluding HIV) was 37·0% (95% CI 27·0-48·0).The risk was highest after rubella infection and lowest for 
survivors of neonatal jaundice; Figure 2).

Overall, heterogeneity was high between the studies used to estimate the risk of at least one sequel irrespec-
tive of the type of insult (Figure 2). However, the risks did not differ with any of the four covariates tested: 
WHO region, period of data collection, duration of follow-up, and study design (prospective or retrospective; 
Table 4). Other covariates – eg, socioeconomic status – were rarely reported.
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Discussion

In our study, the median overall risk of sequelae in survivors of intrauterine and neonatal insults was very 
high. Our Article provides supportive evidence that intrauterine and neonatal insults result in significant 
long-term neurological morbidity and that these insults have a high risk of affecting more than one domain 
(eg, cognitive impairment, motor impairment and hearing and vision loss). Despite the fact that we initially 
identified many studies, few had data that were suitable for analysis, which is common in reviews of global 
estimates. For example, in a series of reviews of child mortality data,14 only 308 studies were included from 
more than 17, 000 abstracts. Data for morbidity and impairment are even worse, which is indicative of the 
low value placed on the collection of disability data. Although we recorded significant heterogeneity, the 
decade in which data were collected did not significantly affect the risk of development of sequelae, which 
suggests that the risk of long-term impairment after intrauterine and neonatal insults has not changed over 
time. Alternatively, advances in technologies for care of sick newborn babies might have increased survival 
in neonates who would have otherwise died, with the increased proportions of impairments in this group 
of survivors cancelling out any reduction in impairments gained in less severely afflicted newborn babies. 
Large cohort studies in a range of health-care settings but with consistent definitions of exposure, outcome, 
mortality, and sequelae are needed to advance understanding of this issue. Most of the studies were from 
Europe or North America, where the standard of care differs greatly to that in low-income settings. The pre-
dominance of studies from only two regions might be why WHO region did not affect the risk of development 
of sequelae. However, combination of studies of different insults and with varying outcomes could be an 
important contributor to the recorded heterogeneity.

We did not identify any acceptable studies of syphilis. Although long-term effects of maternal syphilis are 
wellknown,15 liberal use of penicillin both in the antenatal period and as treatment for neonatal sepsis might 
have substantially reduced this burden. Tetanus was estimated to cause only about 60,000 neonatal deaths 
in 2009,a dramatic reduction from the previous decade.16-19 However, the data we extracted for impairments 
after neonatal tetanus are not robust because of the few studies that were acceptable and low numbers of 
patients. The very high inpatient and immediate mortality afterdischarge20-22 of tetanus might limit the num-
ber of suitable studies. However, the focus might have been on neonatal deaths, and the impairment burden 
of this disorder has been poorly assessed.

Vertical HIV transmission is a substantial burden:23 4% or more of pregnant women were infected in the 
studies that we identified.24-27 With the expansion of antiretroviral treatment for children in many countries, 
including those in resource-poor regions,28,29 many HIV-infected neonates survive into adulthood. Impor-
tantly, the timing of HIV infection is thought to be one of the factors that affects long-term neurological and 
developmentaloutcome.30-32 Despite this scenario, only two studies me tour criteria and documented the 
timing of HIV infection in the neonatal period and long-term sequelae.12,13 Although these two studies had 
small sample sizes they do indicate that HIV infection in the intrauterine or early neonatal period might be 
associated with a worse long-term neurological outcome than later HIV infections. More studies with larger 
follow-up cohorts are required to further understand the effect of HIV on long-term neurological outcomes.

Neonates commonly present with multiple insults. Because the median impairment after preterm birth alone 
was 28%, and that of septic premature neonates was 49%,sepsis probably increases the likelihood of neuro-
logical impairment in preterm neonates. Moreover, the degree of impairment was more likely to be severe in 
septic preterm neonates than in non-septic neonates. However, because the studies of sepsis that we iden-
tified were mostly of premature neonates, the sequelae resulting from septicemia in term newborn babies 
are still unclear and few studies exist about the outcome of neonatal sepsis in term infants. The degree of 
impairment in preterm neonates with hyperbilirubinaemia did not differ from the background impairment 
due to preterm birth alone. Because jaundice in preterm births is very common,33,34 a proportion of neonates 
in the studies that had data only for long-term sequelae after preterm birth might also have developed hy-
perbilirubinaemia, hence the almost equal degree of impairment in the two groups.

Although early-onset brain damage, especially of the prefrontal cortex, could result in behavioral problems, 
assessment is very difficult during the early years, especially when other severe impairments (eg, of motor 
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and cognition) are present. At least a tenth of survivors have behavioural problems; however, in view of the 
above limitations, this proportion is likely to be an underestimate.

Our review has several limitations. First, nearly 20% of survivors were lost to follow-up. Loss to follow-up can 
bias results in two ways. Survivors with minor or no sequelae might be more prone to loss to follow-up be-
cause they perceive little benefit of being re-examined.35 This effect might skew the estimates towards more 
severe sequelae. However, emotional stress and stigma might also reduce follow-up and affect the results.35,36 

Additionally, those with severe impairments are likely to have a higher mortality than are those with mild to 
moderate sequelae during follow-up.36 This effect might leave survivors with spuriously low prevalences of 
impairment, or a preponderance of minor sequelae. Second, all the studies we reviewed were based inhospi-
tals, which might not be a major constraint in high-income countries where access to care is almost universal, 
but in low-income countries might introduce a bias towards the inclusion of patients of relatively high social 
and economic status, who have better access to both acute and long-term health care and tend to have a 
lower risk of impairment.37 Third, we were able to extract data for multi-domain impairments from only 25% 
of studies; thus, the number of multiple impairments might have been underestimated. Furthermore, data 
after multiple insults were sparse. Fourth, we used strict criteria, which excluded many studies, particularly 
those of preterm birth and HIV. Finally, our review shows the paucity of studies from resource-poor coun-
tries, especially sub-Saharan Africa, where only three studies met the inclusion criteria. Many factors make 
the situation and outcomes for neonates in low-income and middle-income countries very different to those 
in high income settings: infections and intrapartum complications are more prevalent, many sick neonates 
do not present for care or present late to health-care facilities, inpatient treatment might not be optimum, 
and post discharge care is often rudimentary.3,18,38 More than 98% of neonatal morbidity occurs in these 
countries1,3,38 and yet the least data are available. The absence of adequate data from these countries is the 
major constraint to understanding the burden of long-term impairments after neonatal insults, particularly 
in middle-income countries where neonatal care is increasing survival rates, but follow-up data lag behind 
the health-care systems.

Our Article has key implications for policy and research. First, in view of the poor outcome, prevention and 
improved treatment of complications during birth and in the neonatal period need to be emphasized, along 
with research into adjunct treatment approaches that might have neuro-protective effects and that are fea-
sible in low income settings. Second, more resources should be allocated for follow-up and rehabilitation of 
neonates who survive insults. Additionally, urgent attention is needed to improve multi-domain, longer term 
assessment of these survivors.

Attention has only recently been given to worldwide newborn survival, and most efforts are directed at pre-
vention of mortality. This focus is important in view of the short time to the Millennium Development Goals 
in 2015. However, insults during the intrauterine and neonatal period lead to substantial impairments, with 
major burdens on families and societies, and shortened life expectancy. Cohort studies, mainly from high-in-
come countries, show that exposures during pregnancy and birth are major risk factors for chronic disease. 
As neonatal care improves in middle-income and low income countries, might we recreate the epidemics of 
impairment because of prematurity, such as retinopathy, seen in the mid-20th century in Europe and North 
America? We need better data to clarify this issue.

Our results draw attention to the importance of both primary and secondary prevention measures. Many 
relevant insults such as intrapartum complications, neonatal tetanus, and neonatal jaundice can be pre-
vented by timely and highly cost-effective interventions. Complications of preterm birth can be reduced by 
cost-effective interventions such as antenatal steroids, which are infrequently used in low-income and mid-
dle-income countries.39 Importantly, effective care, including attention to appropriate use of oxygen, could 
reduce the severity of sequelae. Rehabilitation and supportive care might improve quality of life. However, 
changes to policy and programmes are unlikely without a more cohesive, interagency, proactive approach to 
improving data.
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Figure 1: Literature review

*Six studies included data for more than one insult.
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Figure 2: Random effect meta-analysis of the risk of development of one sequela by insult
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Table 1: Grading of severity of impairment across multiple domains

Table 2: Summary of sequelae risk after intrauterine and neonatal insults
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Table 3: The risk of impairment sequelae by insult and overall

Table 4: Meta-regression analysis of the effect of key variables on the risk of sequelae
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Supplement to: Mwaniki MK, Atieno M, Lawn JE, Newton CRJC. Long-term neurodevelopmental outcomes 
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Diagnostic criteria for the insult during [pregnancy or the neonatal period
Neonatal Insult Diagnostic criteria
Neonatal
Jaundice

• Significant jaundice based on bilirubin level for age and weight of newborn based on internationally 
accepted criteria [39] [40]

• Non-obstructive jaundice [41] 

Neonatal
Tetanus

• Initially well and then onset of spasms that maybe provoked or spontaneous
• Trismus and difficulty feeding

Neonatal
Meningitis

• Cerebrospinal fluid (CSF) culture positive for a causative organisms Or positive antigen test [42]
• White cell count in cerebrospinal fluid of more than 50 cells per microlitre [42]
 o Positive blood culture and/or gram stain
 o Glucose blood/CSF ratio <0.1

Neonatal Sepsis • Positive blood culture
• Clinical definition of neonatal sepsis based on an accepted algorithm

Hypoxic
Ischemic
Encephalopathy

• Onset within 2 days of birth of severe or moderate neonatal encephalopathy in infants born at 34 or 
more weeks of gestation

• Acute perinatal event, and/or a 10 minute APGAR less than 5 or assisted ventilation for more than 
10 minutes.

• Ideally also the following:
• Evidence of metabolic acidosis (pH <7 or less or base deficit < 12 mmol per liter [43].  Other 

identifiable aetiologies such as trauma, coagulation disorders, infectious conditions, or genetic 
disorders were excluded [43].

Preterm birth Documentation of gestation age below 37 completed weeks by:-
• Where last menstrual period is known and expected date of delivery can calculated
• Acceptable gestation age estimation criteria with

• Ultrasound, ideally first trimester
• Dubowitz score [44]
• Other clinical scores with validation published eg Eregie [45]

HIV • Polymerase Chain Reactions (PCR) test that shows infection with the HIV virus,

Toxoplasmosis • Serological diagnosis of infection in the mother through seroconversion, presence of IgA and
• IgM, low avidity IgG, or PCR in amniotic fluid [46, 47]
• Immunological diagnosis in the newborn with suggestive clinical history [46, 47]
• Histological diagnosis of the central nervous system tissues where post-mortem is done

Rubella • Clinical diagnosis based on the classical triad of congenital heart disease, deafness and congenital 
cataracts, and history of maternal infection

• Ideally also supportive laboratory evidence such as
• increased antibody titres
• Persistence of rubella-specific IgG in the infant after 6 to 12 months
• Virus isolation from any site such as fetal blood or chorionic villus biopsy

Cytomegalovirus • Documentation of maternal infections by either IgG avidity testing or documented seroconversion 
• Detection of virus in the newborn from urine, saliva or blood

Herpes • Isolation of Herpes simplex virus (HSV) from skin lesions, CSF, urine, throat, nasopharynx or conjunc-
tivae

• Detection of HSV DNA in CSF by PCR

Syphilis • High neonatal antibody titres: ≥4 times above the maternal levels
• Positive rapid plasma regain or venereal disease research laboratory [VDRL]) will also be considered
• Laboratory microscopic visualization of spirochetes
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Search Terms
Search element 
Exposure

MEDLINE EMBASE PSYCHINFO CINHAL
Thesaurus terms exploded Thesaurus terms 

exploded
Thesaurus terms 
exploded

Thesaurus terms 
exploded

Jaundice
Tetanus
Meningitis
Sepsis
Preterm birth
Birth asphyxia
HIV
Toxoplasmosis
Rubella
Cytomegalovirus
Herpes
Syphilis

+Subheadings:
Complications
Diagnosis
Epidemiology
Aetiology
Mortality
Prevention/
control
Psychology
Rehabilitation
Therapy

Jaundice
Tetanus
Meningitis
Sepsis
Preterm birth
Birth asphyxia
HIV
Toxoplasmosis
Rubella
Cytomegalovirus
Herpes
Syphilis

Jaundice
Tetanus
Meningitis
Sepsis
Preterm birth
Birth asphyxia
HIV
Toxoplasmosis
Rubella
Cytomegalovirus
Herpes
Syphilis

Jaundice
MH
“Hyperbilirubinemia,
Neonatal+”I

Infections
Infant, premature
MH “Asphyxia
Neonatorum”

MH “Birth
Injuries+”Syphilis,
Congential

Keywords Sequel* OR 

Outcome*OR

Morbidity OR

Prognosis OR 

Impairment OR 

Deficit OR 

follow-up OR

long-term OR 

Incidence OR

Prevalence
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Outcome Thesaurus terms exploded Thesaurus terms 
exploded

Thesaurus terms 
exploded

Thesaurus terms 
exploded

Neurological impairment
Neurologic 
Manifestation
Dyskinesias
Gait Disorders
Neurobehavioral
Manifestation
Neuromuscular
Manifestations
Meningism
Pain
Paralysis
Paresis
Reflex-abnormal
Seizures
Sensation disorder
Voice Disorders

Neurological
impairment

Neurological
impairment

MH “Outcomes of
Prematurity”
MH “Outcomes
(Health Care)+”
MH “Treatment
Outcomes+”
MH “Outcome
Assessment”

MH “Problem Rating
Scale for Outcomes
(Omaha)+”)

Population Age=newborn Infant, newborn
Language All All All All
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Neonatal diseases and conditions contribute significantly to overall childhood morbidity and mortality.1,2,3 

Most of this morbidity and mortality occurs in rural resource-poor districts of the low-income countries 
(LICS) such as those in the sub-Saharan African region.1,4,5 The high level of morbidity and mortality during the 
neonatal period is caused by a host of factors. These include suboptimal prenatal and antenatal care, inade-
quacies in maternal nutrition, breakdown in care during labour and delivery, poor infection control, delays in 
recognition of neonatal emergencies at home and hospital, and shortage of resources for care of premature 
babies among others.4,6

In view of the above, interventions to avert, neonatal morbidity and mortality have to be robust, universally 
accessible, and based on contextually relevant studies. It is important to note that LICS also suffer from the 
“inverse information law”, that is they have the least documentation about causes and possible interventions 
to reduce neonatal morbidity and mortality.7 Such concise information is an important prerequisite to under-
standing the repertoire of interventions that can be put in place to alleviate this prevailing burden which is a 
major reason why most of these countries will not achieve the targets of the millennium development goal 4 
(child survival). Therefore the studies in my thesis seek to provide the necessary concise and well-researched 
information to bridge the existing knowledge and practice gaps on neonatal disease burden in a rural district 
setting, in a low-income country in sub-Saharan Africa. 
 

Burden of neonatal morbidity and mortality in a rural district setting and trends over the 
last two decades

Despite the high level of neonatal morbidity and mortality, there is paucity of information on long-term 
trends in burden of neonatal disease especially in the sub-Saharan African region.8 To address this issue, 
data on neonatal admissions to a District General Hospital were collected over a period of 19 years from 
1990 through to 2009 were examined. A significant increase in absolute numbers as well as proportions of 
neonatal admissions compared to all other admissions of children under the age of five years was evident. 
The proportions of all under five admissions that were neonatal doubled from 11% to 20% over that period. 
This trend remained significant even when we controlled for expected population rise over the same period. 

The increase in neonatal admissions burden seems to be fuelled by several factors, key among them being 
increasing hospital births and admissions within the first week of life. There are massive bilaterally funded 
programs providing educational campaigns to promote facility births in LICS over the last few decades.9,10 

Findings of the second chapter of my thesis suggest that these campaigns may have a significant impact, even 
in sub-Saharan Africa.11 Aside from an absolute increase in neonatal admissions, the proportionate increase 
in neonatal admissions could also be due to a reduction in admissions of the older child. This may signify that 
aggressive efforts to combat diseases such as malaria and vaccine-preventable conditions that are responsi-
ble for most of the post-neonatal morbidity may be bearing results.12,13

Importantly, the primary causes of neonatal morbidity may be changing. In the first 10 years of the surveil-
lance, the leading cause of neonatal morbidity and mortality was ‘sepsis.’ However, in the second period 
(from 2000), morbidity and mortality resulting from intra-partum insults became more prominent. Further-
more, while the case fatality rate from prematurity, meningitis, sepsis, and neonatal jaundice decreased 
(prematurity 50% to 30.8%, neonatal meningitis 42.9% to 11.8%, neonatal sepsis 30.6% to 5.5% and neo-
natal jaundice 25.7% to 3.6%), admissions and case fatality rate from intra-partum and HIE related neonatal 
morbidity and mortality increased significantly. From 2000, admissions with a diagnosis of HIE increased by 
350%, and the case fatality rate remained very high (32%). The decline in case fatality rate from ‘sepsis’ may 
signify improving skills and knowledge on management of neonates with infections in rural health facilities. 
However, it is worth noting that absolute numbers of neonatal deaths continued to rise dramatically due to 
higher admissions. Most of the cases of intra-partum -related neonatal morbidity and HIE admitted were 
among neonates born in hospital. This may be due to delays in seeking skilled delivery services resulting in a 
pre-selection of cases likely to result in birth complications. It may also expose the constraints and inability 
of district level health facilities to cope with increased demand for emergency obstetrics and neonatal care. 
Also it is likely that this phenomenon may be due to unreported cases of severe intra-partum related neona-
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tal morbidity and mortality and/or HIE among home deliveries dying before contact with the formal health 
care system. This is highly plausible given that under-reporting of early neonatal deaths in rural settings.14,15 

A few other publications have highlighted the burden of intra-partum related neonatal morbidity and mor-
tality/HIE in low income countries.5,16 However, this publication showed a significant increase of intra-partum 
insults over a prolonged period, highlighting these a significant public health problem. The findings show 
that neonatal admissions are likely to be the largest single cause of admissions to rural district hospitals and 
may be responsible for up to 55% of inpatient mortality for children aged ≤5 years. This offers a unique op-
portunity to reduce neonatal mortality. However, most rural health facilities in resource-poor countries are 
ill equipped to deal with neonatal emergencies. Therefore this trend calls for a re-evaluation of training and 
other public health interventions to better deal with the rising neonatal admissions burden and capitalize on 
the increased demand for formal health care to reduce morbidity and mortality. In particular improving ob-
stetrical care is paramount to reduce intra-partum related neonatal morbidity and mortality/ HIE. The overall 
strategy for rolling back neonatal morbidity and mortality should thus be reshaped to include an emphasis on 
birth preparedness and ensuring that rural health facilities can offer emergency obstetric and neonatal care 
or at least basic obstretics and neonatal care with well-functioning referral linkages to higher facilities that 
can offer more comprehensive obstetric and neonatal care.

Use of clinical signs to identify and triage ill neonates and young infants 

In many hospitals in sub-Saharan Africa, neonates and young infants are initially assessed and treated by 
staff with minimal specific training or experience in neonatal or young infant care.17,18 Simple guidelines to 
aid in diagnosis are therefore essential. However many of the guidelines and algorithms in use for triage and 
management of ill neonates in sub-Saharan Africa have either been adopted from studies of older children 
or based on “expert” opinion.19,20,21,22,23,24

The studies contained in chapters two, three, and four of this thesis11,25,26 therefore explored the use of sim-
ple clinical signs in three critical areas, namely: i) identification of admitted ill neonates and young infants 
likely to die, ii) prevalence of, and identification of hypoxemic ill neonates, young infants and children and, iii) 
identification of ill neonates and young infants with meningitis. 

Identification of admitted ill neonates and young infants likely to die.

Although literature exists on clinical signs of ‘severe’ illness among the general paediatric population, there 
is paucity of documentation about the neonatal and young infant group.19,23,24,27 Furthermore, the current 
literature remains vague on what constitutes ‘severe’ illness. Therefore, apart from describing the burden of 
inpatient neonatal mortality in chapter two, we examined the usefulness of over fifty simple and routinely 
collected clinical signs in identifying admitted neonates and young infants at risk of death in both univariate 
and multivariate analysis. Very simple clinical variables of irregular breathing, oxygen saturation <90%, pal-
lor, weight <1.5 kg, blood glucose >7.0 mmol/l and neck stiffness proved to predict inpatient neonatal death 
with good sensitivity and reasonable specificity. Importantly we examined the usefulness of these signs over 
a prolonged period of time (nearly two decades) and noted no significant variation in their prevalence or 
predictive ability. These variables may therefore potentially aid in neonatal triage and thus help low-skilled 
clinicians in rapidly screening neonates who require additional and urgent attention right from admission. 
Such a targeted approach could potentially lower the burden of inpatient neonatal deaths in rural district 
hospitals. Prevalence and identification of hypoxemic ill neonates, young infants and children.

Hypoxemia is a final common pathway for most of the leading causes of neonatal morbidity and mortality.28,29 
Rapid identification of hypoxemic neonates and young children and administering supplemental oxygena-
tion may be lifesaving. However studies on the prevalence and assessment of hypoxemia have largely been 
conducted among older children with lower respiratory tract infection.19,20,28,27 The findings of chapter three 
demonstrate that hypoxemia is several times more prevalent among neonates and young infants than among 
the older children with or without ‘pneumonia’.25 Furthermore, hypoxemia was strongly associated with in-
patient mortality (age-adjusted risk ratio: 4.5; 95% confidence interval, CI: 3.8-5.3). 
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Signs that were significantly associated with hypoxemia during the first week of life were cyanosis, heart rate 
<100 beats per min, irregular breathing, absent cry, unresponsiveness to painful stimuli, respiratory rate >80 
breaths per min, history of birth asphyxia, delayed capillary refill (≥3 s) and inability to breastfeed. These 
signs differed from those found to discriminate for hypoxemia among older children, which included central 
cyanosis, heart rate <80 beats per min, irregular breathing, impaired consciousness with a Blantyre coma 
scale <3, respiratory rate >60 breaths per min, delayed capillary refill (≥3 s) and weak pulse volume. 

Identification of ill neonates and young infants with meningitis

Three invasive bacterial diseases (IBI), namely meningitis, pneumonia and sepsis are leading causes of mor-
bidity and mortality among neonates and young infants aged <60 days.21,22,30 These three conditions have 
usually been studied collectively as ‘serious bacterial infections’ with most guidelines recommending penicil-
lin and gentamicin combination therapy where any of these three conditions are suspected among neonates 
admitted in rural district hospitals in sub-Saharan Africa.21,22,30

Given that, meningitis is very difficult to diagnose during the neonatal period as most signs are nonspecific, 
lumping these three conditions together inevitably may lead to missing meningitis. Importantly, a fair pro-
portion of neonates with sepsis but no discernible clinical signs of meningitis have also been found to have 
meningitis when the cerebrospinal fluid is analyzed.21,31 This further argues for a need to separate meningitis 
as a special disease entity. Furthermore, most of the studies that have informed such guidelines involved 
small sample sizes of neonates especially in the first week of life, with no validation.

In chapter four we report that a history of fever, convulsions, irritability, bulging fontanelle and tempera-
ture ≥39ºC were independent predictors of meningitis.26 Importantly over 90% of cases could be diagnosed 
macroscopically (turbidity) or by microscopic leukocyte counting which underscores the need to equip rural 
health facilities with simple diagnostic capability. Furthermore, the WHO recommended ‘general’ signs of 
drowsiness, lethargy, unconsciousness, or reduced feeding’ were found to be poor predictors of meningitis.21 
It is plausible that low numbers of cases of confirmed meningitis in the WHO young infant study (only 33 
cases in infants <60 days old, with only six in the first week of life) limits the WHO studies conclusions. Our 
findings involved 100 cases of confirmed meningitis (32 cases in the first week of life and 67 cases among 
those aged 7-59 days) and therefore provide more robust data.26 These findings can thus contribute to up-
date the existing WHO guidelines and algorithms for identification of neonatal and young infant meningitis.

Etiology of infections among neonates presenting for care in a rural district setting in a low 
income sub-Sahara African country

The sub-Saharan African region experiences a high prevalence and burden of infectious diseases.4,30,32 There-
fore neonates living in this region are likely to be adversely afflicted by these infections.4,30,32 The studies 
contained in chapters five, six, seven and eight of my thesis explored the following key aspects: i) etiology of 
IBI, resistance to commonly used antibiotics for empiric treatment of sepsis in neonates, and the spectrum 
of infective bacterial organisms among community- versus hospital-born neonates; ii) maternal sepsis and 
early neonatal sepsis; iii) burden of congenital and neonatal malaria. Etiology of invasive bacterial infections, 
resistance to commonly used antibiotics for empiric treatment of sepsis in neonates, and spectrum of infec-
tive bacterial organisms among community- versus hospital-born neonates.

In sub-Saharan Africa, sepsis may be responsible for more than a quarter of cases of neonatal morbidity and 
mortality.32 Despite this, there are few precise estimates of its burden and causes. Importantly, although the 
setting influences the pattern and aetiology of sepsis, most of the studies have been set in tertiary hospi-
tals.33,34,35 

Furthermore, most guidelines for empirical treatment of neonatal sepsis are largely based on findings of the 
WHO Young Infant study carried out in four sub-Saharan African countries in 1990-1993.23 This study docu-
mented a preponderance of Gram-positive bacterial organisms. Largely therefore, a combination of ampicil-
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lin/penicillin with gentamicin has widely remained the first line treatment for suspected neonatal sepsis for 
the last close to two decades in the region. 

Given the above, we conducted two studies to examine the etiology of invasive bacterial infections and 
antimicrobial resistance among neonates and young infants delivered in the community and those born at 
hospital respectively. Invasive bacterial infections were diagnosed among community-born neonates in up 
to 11% of all admissions.36 Overall, Gram-negative organisms dominated in 56% of positive blood cultures. 
However, Gram-negative organisms were more common than Gram-positives in the first week of life; there-
after Gram-positive organisms were more common. The most common organisms isolated among commu-
nity-born neonates were Klebsiella spp., Staphylococcus aureus, Streptococcus pneumoniae, Group B Strep-
tococcus, Acinetobacter spp., Escherichia coli, and Group A Streptococcus, while those among hospital-born 
neonates were Escherichia coli, Staphylococcus aureus, Acinetobacter, and Streptococcus pneumoniae. In 
contrast, IBI were found among neonates born in the hospital, in 5.2%.37 Gram-positive organisms were 
slightly more prevalent (52.0% of the isolates) with a preponderance of Gram-positive isolates after the first 
week of life (56%). Of concern, a significant trend in increasing in-vitro resistance to ampicillin/gentamicin 
combination among both community- and hospital-born neonates was found. Reassuringly though, there 
was no significant association between in-vitro antibiotic resistance and fatal inpatient outcome. However, 
it is worth noting that resistance to ampicillin/gentamicin among isolates from hospital-born neonates was 
significantly higher than that among those born in the community for the first fourteen days of life (�2 8.5, 
p = 0.01). No significant differences in antibiotic resistance were found (�2 0.43, p=0.81) thereafter.

These findings differ from the WHO Young Infant study.23 Given that information from that study is close to 
two decades old, this could reflect changing etiology. However it is worth noting that our study had a much 
higher proportion of neonates admitted within the first week of life (48%) compared to the WHO study (8%). 
This fact may explain the preponderance of Gram-negatives. It is therefore likely that we present a more ac-
curate picture of the causes of bacterial neonatal infections especially within the first week of life.

The two studies clearly demonstrate that sepsis is a major burden irrespective of place of birth in our region. 
However, the relatively lower prevalence among hospital-born neonates is reassuring and may further high-
light advantages of health facility deliveries in rural African settings. On the other hand, the higher likelihood 
of resistant isolates among hospital deliveries is worrying. Overall, the increasing in-vitro resistance to the 
antimicrobials advised in the current WHO guidelines suggests that a combination of beta-lactam antibiotics 
and gentamicin may no longer be sufficient to treat organisms associated with neonatal sepsis, especially 
hospital-born neonates readmitted within the first 14 days of life and all neonates admitted with suspected 
sepsis within the first week of life. Further studies to confirm these findings in other settings in resource poor 
regions are recommended. Clinical trials on other suitable antibiotic combinations and adjunct therapies for 
neonatal sepsis are also needed.

Maternal sepsis and early neonatal sepsis and strategies for prevention

The close relationship between mothers and their infants results in shared aetiologies and risk factors for 
infectious diseases, especially IBI.38,39 Importantly, a distinction between early- and late-onset neonatal sepsis 
is useful since the former is more likely to reflect vertically acquired infection from the maternal genital tract 
and hence requires different preventive strategies. 

To explore this question, we performed a systematic review to appraise the existing knowledge.40 Data on 
maternal morbidity in sub-Saharan Africa appeared very limited and deficient. Available studies providing 
data on maternal morbidity from puerperal sepsis, or providing microbiological and histological data are 
mainly small retrospective case reviews or facility-based studies, and further have substantial missing data. 
From the review, it was clear that although available evidence suggests that infections may substantially 
contribute to maternal morbidity in sub-Saharan Africa, a reliable single estimate of the incidence of puer-
peral sepsis could not be made. Very few studies in sub-Saharan Africa have differentiated between early- 
and late-onset neonatal sepsis,30 with wide variations in the periods used to define early and late neonatal 
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sepsis.30 Importantly too, the studies reviewed applied different denominators such as hospital live births, 
estimated number of live births in a given catchment population, or both. Therefore, estimates of incidence 
of early-onset neonatal bacterial sepsis vary widely and in most cases are gross underestimates, and may, at 
best, represent the minimum incidence. Nevertheless, the available data indicate a high burden of disease.

Overall the review suggested that interventions already in use in developed countries for prevention of ear-
ly onset sepsis such as maternal birth canal screening, birth canal cleaning, and even targeted antibiotic 
prophylaxis may play a significant role in reducing the burden of maternal and early-onset neonatal sepsis 
in resource poor settings.41,42,43,44 However to properly guide these interventions, there is a need for well-de-
signed multisite population-based studies with uniform definitions to improve understanding of early onset 
neonatal bacterial sepsis. Furthermore, data on maternal sepsis in sub-Saharan Africa are very limited and 
this should be urgently improved.

Burden of congenital and neonatal malaria

Malaria infections remain a major concern in many areas of sub-Saharan Africa, especially among pregnant 
women and children under the age of five years.45,46,47 However the direct burden of congenital and neona-
tal malaria is poorly documented. Chapter eight reports on the prevalence and outcome of congenital and 
neonatal malaria among a large cohort of neonates admitted to our rural district hospital, set in a malar-
ia-endemic region.48 Furthermore in my study, 4,790 (93.7%) of (5,114) neonates admitted a blood smear 
for malaria parasites was examined at admission. Slides were examined by research microscopists under 
strict quality control procedures both internally and externally. This represents one of the largest systematic 
surveillance for neonatal and congenital malaria in a malaria-endemic zone. Only 18 (0.35%) neonates had a 
positive blood slide for P. falciparum no other Plasmodium species were found. Eleven of the eighteen were 
admitted within the first week of life and were thus classified as congenital malaria. Parasite densities were 
low and in 14 of the cases were fewer than 50 per μl. Three neonates had parasite densities of 2,480, 11,600 
and 22,560 per μl respectively and one neonate had 38/500(7.6%) red blood cells parasitized (304,000 par-
asites per μl).

In this study the burden of congenital and neonatal malaria was much less than in earlier studies.49,50,51 Given 
that our study was more recent, variations in prevalence of congenital and neonatal malaria may in part be 
due to differences in transmission dynamics over the last several decades across the endemic zones of west 
and East Africa. However, it is also likely that operational factors (such as slide preparation and examination 
techniques) are likely to be involved as well. Studies have shown that malaria slides read in routine service 
have very poor positive predictive value compared to expert microscopy, raising concerns that over-diag-
nosis of malaria is widespread and may be hampering the correct diagnosis and treatment of other febrile 
illness.52,53,54 Given the technical challenges and constraints in equipment’s and reagents required to conduct 
the diagnosis of malaria via microscopy, there is need to expand the use of rapid diagnostic tests for the dis-
ease in rural health facilities. This may not only minimise the misdiagnosis of other fevers as malaria, but is 
even more critical given that most rural health facilities may not even have laboratory capability.55 Although 
there may be concerns about rapid diagnostic tests including genetic variability in the Plasmodium falcipar-
um histidine rich protein2 (PfHRP2) type among others, they offer a viable solution for proper diagnosis of 
malaria in remote settings.56,57

Etiology, incidence and hospitalization outcome of neonates with seizures in a rural district 
setting

Seizures are a common manifestation of neurological conditions during the neonatal period, and may be as-
sociated with poor inpatient outcome.58,59,60 The high burden of intra-partum insults and neonatal infections 
in the sub-Saharan African region suggests a significant burden of neonatal seizures. However, very few stud-
ies have examined the burden and causes of neonatal seizures or the outcomes of treatment.4,61,62
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In chapter nine we report a study which employed data prospectively collected over a five year period among 
neonates admitted from a well-defined and regularly enumerated study area (see chapter one) to describe 
the burden of neonatal seizures.63 The overall incidence of neonatal seizures was 39.5 (95% confidence inter-
val (95%CI) - 26.4-56.7) per 1000 live births per year. The incidence was 13.6 (95% CI 9.6-17.2) per 1000 live 
births in the first 48hrs, 8.5 (95% CI 6.1-12.3) per 1000 live births in the next 2 to 7 days of life, and 18.6 (95% 
CI 15.4-23.0) in the rest of the neonatal period. The incidence did not differ by sex (�2 2 = 0.005, P = 0.95). 

The main diagnoses in neonates with seizures were sepsis, neonatal encephalopathy and meningitis. Howev-
er, only neonatal encephalopathy and bacterial meningitis were independently associated with seizures. Up 
to 13% of the surviving newborn with seizures had neurological abnormalities at discharge.

Previous attempts to quantify the burden of neonatal seizures in sub-Saharan African settings have reported 
much lower incidences.62,64 However, they have largely relied on very small sample sizes and some examined 
only early onset seizures (occurring within 48 hrs of life). Our findings on a longer surveillance period of 5 
years and covering the entire neonatal period likely present a more accurate estimate of the overall burden 
of neonatal seizures in the region. It is worth noting that more than half of deaths in children <5 years in 
resource poor regions occur outside the hospital and this proportion may even be higher among neonates 
since the majority are born at home.5 It is therefore plausible that many neonates with seizures may be 
dying in the community before reaching the hospital. Thus the burden of neonatal seizures is likely to be 
much higher and the here reported findings may at best represent the minimum incidences, which further 
underscore the magnitude of the burden. Public health interventions to prevent bacterial meningitis and 
hypoxic-ischemic encephalopathy, the two conditions independently associated with neonatal seizures, will 
be key in combating this burden.

Long-term outcome of survivors of intrauterine and neonatal insults

There is poor documentation about the severity and distribution of long-term impairments after intrauterine 
or neonatal insults. Of note too, this information gap may be worse in resource poor regions where the bur-
den is likely to be much higher.65 As a result, sequelae from intrauterine and neonatal insults have not been 
adequately captured in estimates of the global burden of disease.65

We conducted a systematic review with the aim of describing the long-term consequences of intrauterine and 
neonatal insults. The questions addressed were: – what are the long-term outcomes after intrauterine and 
neonatal insults (neonatal sepsis, neonatal meningitis, hypoxic-ischaemic neonatal encephalopathy, neonatal 
jaundice, preterm birth, neonatal tetanus, congenital infections (cytomegalovirus infection, toxoplasmosis, 
syphilis, rubella), and HIV-infection)? – what is the risk and severity of at least one sequela and of multiple se-
quelae reported after these insults? Using stringent review criteria, 153 studies involving 22,161 survivors of 
intrauterine and neonatal insults were found suitable for data abstraction (chapter ten).66 The median risk of 
at least one sequela in any domain was 39·4% (IQR 20·0-54·8), with a risk of at least one severe impairment 
in any insult domain of 18·5% (7·7-33·3).The most common sequelae were learning difficulties, cognition, or 
developmental delay (n=4032; 59%), cerebral palsy (n=1472; 21%), hearing impairment (n=1340; 20%), and 
visual impairment (n=1228; 18%). Only 40 (26%) studies included data for multi-domain impairments. These 
studies included 2815 individuals, of whom 1048 (37%) had impairments, with 334 (32%) having multiple 
impairments. The systematic review demonstrated that intrauterine and neonatal insults result in significant 
long-term neurological morbidity. Furthermore, these insults have a high risk of affecting multiple domains 
(e.g. cognitive impairment, motor impairment, and hearing or vision loss). In view of the poor outcome, the 
review suggests that more efforts should be focused on primary preventions and research especially on ad-
junct treatment approaches that have neuro-protective effects.

Very few acceptable studies from the African regions were available.67,68,69 Importantly, despite the burden 
of mother to child transmission of HIV/AIDS in this and other resource poor regions, only two eligible studies 
on long-term outcome following perinatal and neonatal HIV infections were found.67,70 To address this infor-
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mation gap, there is an urgent need for well-designed cohort studies to explore the long-term outcomes of 
intrauterine and neonatal insults in sub-Saharan Africa.

Contributions to the model for understanding and preventing neonatal morbidity and mor-
tality in low income countries especially in sub-Saharan Africa

Neonatal morbidity and mortality in LICS especially in sub-Saharan Africa may be due to numerous interrelat-
ed causes.2,4,5 The three-delays model/framework has been advanced to try and understand the said causes 
and the associated contextual factors.71 The model comprises delay in deciding to seek care (delay 1), delay 
in reaching the health facility (delay 2), and delay in receiving quality care once at the health facility (delay 
3).71 Since its advancement close to two decades ago, the three delay model/framework for understanding 
and combating maternal and neonatal mortality has remained largely unchanged.71 Although this model ad-
dresses most of the critical areas that can be targeted to drastically reduce neonatal morbidity and mortality, 
it clearly omits other vital aspects. Overall, this thesis suggests that there is a need to update the three-delay 
model. I propose a more comprehensive five-pronged model as outlined below. 
  



209273-L-bw-Mwaniki209273-L-bw-Mwaniki209273-L-bw-Mwaniki209273-L-bw-Mwaniki

CHAPTER 11 | GENERAL DISCUSSION

191

Foetal-Maternal 
strategies and other 
primary preventions
(Primary Preven-
tion)

Original component of the three-delay model advanced in 1994
(Secondary Prevention)

Post-discharge 
follow up and 
rehabilitation
(Tertiary Preven-
tion)

Prong 1 Prong 2 Prong 3 Prong 4 Prong 5
• Prevention of 

vertical trans-
mission of infec-
tions

• Prediction and 
Preventing 
intra-partum 
related neonatal 
morbidity and 
mortality

• Vaccines includ-
ing vaccines 
against causes 
of early neona-
tal sepsis espe-
cially Group B 
Streptococcus

• Chemoprophy-
laxis

• Effective pre-
vention of 
mother to child 
transmission of 
congenital infec-
tions including 
HIV|AIDS

• Barrier preven-
tions e.g pro-
visions of Long 
Lasting Insect 
Treated Nets

• Family planning, 
education and 
economic em-
powerment of 
women

• Specific focus on 
adolescent girls 

• Addressing de-
lays in decision 
to seek care

• Education on 
danger signs 
during preg-
nancy and 
early neonatal 
life

• Community 
engagement 
through behav-
ioural change 
and communi-
cation strate-
gies

• Demand of 
care creation

• Addressing 
delays in reach-
ing point of care 
once decision is 
made

• financial incen-
tives e.g. trans-
port refunds

• facility out-
put-based financ-
ing approaches

• referral systems 
that can help 
minimize delays 
that contribute 
to HIE

• research on mod-
els to increase 
access e.g mater-
nal shelters

• use of communi-
ty cadres 

• Addressing 
delays in provi-
sion of quality 
services at point 
of care

• point of care 
quality improve-
ment approach-
es

• continuous 
investment in 
in-service skills 
development

• operational 
research on how 
to best offer 
care at point of 
service delivery

• More research 
on the role of 
facility improve-
ment teams

• Continuous 
direct invest-
ments in health 
systems building 
blocks

• Exploring ad-
junct treatment 
options for in-
fections and HIE

• Post-dis-
charge follow 
up and reha-
bilitation

• Active follow 
up

• Active reha-
bilitation

• Ongoing sup-
port where 
long-term im-
pairments are 
anticipated
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Prong 1: Prevention of vertical transmission of infections, intra-partum related morbidity 
and mortality and broad health promotion strategies

The foeto-maternal interface represents a common route of transmission of several infections including HIV, 
bacterial and even parasitic infections including malaria. Strategies aimed at addressing this first prong (vac-
cines, chemoprophylaxis against bacterial and viral infections such as Group B Streptococcus, HIV, and barrier 
protections through long lasting insecticide treated mosquito nets-LLITNs) offer an opportunity to reduce the 
burden of neonatal morbidity and mortality in LICS. It is clear from the data in this thesis that this area has re-
ceived minimal attention. Furthermore data on maternal and early onset infections in low-income regions es-
pecially in the sub-Saharan African region are largely lacking.40 Despite these data inadequacies, the system-
atic review (chapter seven) suggests that conditions such as early neonatal sepsis may require interventions 
during pregnancy such as development of viable vaccines against group B Streptococci among others.40 The 
here reported studies therefore add to a growing body of knowledge on the importance of this as the first 
prong for combating neonatal morbidity and mortality in high burden regions in low-income countries.72,73 

In addition to neonatal sepsis, intra-partum related neonatal morbidity and mortality/HIE is a major con-
tributor to neonatal morbidity and mortality.5,11,15,74 Importantly mortality and morbidity from HIE may be 
rising while that from sepsis is on the decline.11 Available literature suggests that interventions to predict and 
prevent intra-partum related neonatal morbidity and mortality in low-income countries are largely limited 
to promoting early access (prong 2 & 3) with hardly any primary prevention strategies (prong 1), and limited 
institutionalization of prongs 4 & 5 in respective health care systems. Overall, this thesis suggests that there 
is a critical need to specifically direct investments towards clinical and operational research around the first 
prong with regards to intra-partum neonatal morbidity and mortality. 

It is worth noting that for greater success to be achieved, Prong one interventions should also include other 
broad strategies. Critical areas worth focussing on include family planning, economic and education em-
powerment of women and girls, and a special and sustained strategy to address the needs of adolescent 
girls.75,76 By preventing unwanted pregnancies, and offering mothers opportunities to plan their reproductive 
careers, evidence suggests that family planning is an effective and low cost approach that may synergistically 
impact positively on the other available repertoire of strategies to prevent maternal and newborn morbidity 
and mortality.77 Recent estimates indicate that family planning may indirectly prevent up to one third of all 
maternal deaths and an even higher number of neonatal and early childhood deaths.76,77 Therefore rapidly 
scaling up access to family planning in sub-Saharan Africa where the current coverage is under fifty percent 
should be a core priority in every global, regional and country specific strategic plan to reduce maternal and 
neonatal deaths.75 It is vital to appreciate that providing access to family planning commodities and other 
reproductive health services does not guarantee uptake. The willingness of women of reproductive age to 
use family planning services may be highly determined by their level of empowerment to make independent 
decisions about their reproductive carreers.76 Consistent long-term strategy for education and economic em-
powerment of women in sub-Saharan Africa is therefore central to addressing the prevailing high burden of 
maternal and neonatal morbidity and mortality. There are nearly 1.5 billion youths in the world today.78 More 
than half of them are girls and young women with over 600 million adolescent girls living in low and middle 
income countries (LMIC) of south east Asia and sub-Saharan Africa.78 These girls face many challenges rang-
ing from early marriage, lack of general education including sex education, female genital mutilation, gender 
based violence, and poor access to reproductive health services especially family planning services.78 It is 
thus estimated that over 10% of girls in regions such as sub- Saharan Africa may have their first child before 
the age of 16 years.79 Approximately 16 million births occur among adolescent girls.78,79 Furthermore up to 
three million unsafe abortions occur among these young girls. It is therefore not surprising that pregnancy 
complications are among the leading causes of death among adolescent girls and importantly still births and 
newborn deaths are 50% higher among adolescent mothers.80 It is notable that the Millennium Develop-
ment Goals over the last decade barely focused on the plight of the adolescent girl. Given the pivotal role of 
addressing issues affecting adolescent girls as a strategy to improve overall maternal and newborn health, 
the post 2015 global agenda should aggressively focus and invest on this issue as part of the central global 
agenda.
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Prong 2 and 3: Addressing delays in decision to seek care and delays in reaching point of 
care once decision is made (Health promotion during pregnancy)

Since the development of the three delay model close to two decades ago, concerted efforts have been 
made to understand and address the first two components i.e. delay in making a decision to seek care and 
delay in reaching a health facility.10,81,82 Ministries of Health in LICS, with considerable support from bilateral 
funded health programs, have put substantial resources into campaigns to enlighten their populace on most 
topical issues that centre on eliminating the first delay. These include encouraging focused antenatal care, 
teaching pregnant women on danger signs during pregnancy, and the immediate puerperium including signs 
of ill health among newborns, and encouraging health facility delivery.10,81,82 The above strategies seem to 
have been justified given that most deaths occurred, and continue to occur, in remote rural homes.4,5 Im-
portantly, these efforts may be bearing fruits given the findings from my thesis which clearly demonstrate a 
marked increase in deliveries conducted at a rural district hospital during continuous systematic surveillance 
for close to two decades. More strategies including cash incentives to both the pregnant women and health 
facilities continue to be rolled out in LICS in a bid to further minimize the first and second delays.83,84 Many 
other core health promotion strategies that need to be strengthened as part of Prongs 2 & 3 include child 
spacing through expanded family planning access and girl child education among others. Further research 
especially on more innovative approaches on how to create demand for health services and use of commu-
nity cadres for rapid assessment and referral of pregnant women and neonates who require urgent medical 
attentions among others are needed. 

Overall, the findings from my thesis suggest that strategies in Prongs 2 & 3, which are central to the three 
delay model need to continue being advocated for, to sustain the gains made over the last two decades.
 

Prong 4: Addressing delays in provision of quality services at point of care 

The third delay represents the most complex aspect of the health care system i.e. the interaction between 
the health provider and the client. For quality care to occur several requirements, need to be fulfilled during 
this interaction. First, a health worker needs to be available. Second, the health worker needs to have the 
necessary knowledge and skills to diagnose and treat the presenting illness. Third, he or she requires ap-
propriate resources at hand to attend to the situation. Finally, he or she must possess the right behavioural 
attributes to offer the care in an empathetic and culturally appropriate manner.

The third component of the delay model may therefore play a critical part in contributing to the high neo-
natal mortality in LICS. It is however notable that this third component of the delay model seems to have 
received less robust attention. A critical step towards addressing this component is the availability of up to 
date information to guide practice. Most of the previously existing knowledge on neonatal diseases and con-
ditions is either decades old, adapted from studies of older children, or based on “expert” opinion.19,20,21,22,23 

The breadth of studies within this thesis offers current knowledge to bridge this gap on many topical ne-
onatal issues. Firstly, we provide concise information on the burden of neonatal admissions and explore 
various aspects of that burden ranging from infectious and non-infectious causes. Secondly, by studying the 
trend of neonatal burden over a prolonged period, especially looking at causes of neonatal admissions, we 
demonstrate that over 20% of all admissions to rural district hospitals are likely to be neonates and that this 
contributes to over 50% of the inpatient paediatric mortality. Importantly, we demonstrated that the most 
rapidly rising cause of inpatient neonatal mortality in rural district settings may have switched from infections 
to birth-related complications including hypoxic-ischemic encephalopathy. Paradoxically this happened in 
the context of dramatically increasing health facility deliveries which are supposed to be ‘safer’ compared to 
home deliveries. It is plausible that some of these deliveries may have been referrals from smaller health fa-
cilities (health centres and dispensaries). It is also likely that a proportion may have presented after prolonged 
labour at home. However, it may also suggest that health workers at rural district setting lack the appropriate 
knowledge to immediately identify neonates at risk of death and requiring emergency care among others. 
Several studies within my thesis have thus concentrated on exploring the usefulness of simple clinical signs 
that can identify such neonates so that they can be offered appropriate life-saving emergency treatment or 
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rapidly referred to centres with capability to offer the needed treatment. Findings from these studies will be 
used to update existing guidelines in the region, and also for in-service refresher training of health workers.

It is worth noting that availability of the right evidence and training health care workers on the same does not 
necessarily lead to improvement in service delivery. Even in the most resourced settings, quality of care may 
be wanting.85 It is therefore evident that to drastically reduce maternal and neonatal morbidity and mortality, 
one of the core research priorities remains how to get health systems deliver the care/interventions that are 
known to work consistently.

Prong 5: Post-discharge follow up and rehabilitation

The systematic review that we conducted showed that a considerable proportion of neonates who suffer in-
trauterine and neonatal insults requiring admissions, are left with varying degrees of long-term impairments, 
affecting as many as 40% of survivors.66 It is plausible that a sizeable proportion of this may be a direct result 
of poor quality of care whilst in hospital. It is also worth noting that improved access and adequate initial 
care may reduce early neonatal mortality but leave numerous infants who are more likely to succumb at a 
later stage. On the other hand it is also likely that rudimentary post-discharge follow-up and rehabilitation 
may also contribute to a proportion of the post-discharge morbidity.66 Of major concern too is that a major-
ity of those who survive long-term may have severely constrained quality of life leading to a vicious circle of 
frequent re-admissions, further straining the meagre health systems and family resources.86 Overall, given 
the findings of my thesis, it is pivotal that a robust post-discharge follow-up and rehabilitation strategy be 
incorporated as core approach in combating neonatal morbidity and mortality in LICS. 
 

Implication of the findings of this thesis

Combating neonatal morbidity and mortality in LICS especially in sub-Saharan Africa requires a range of 
synergistic approaches. These approaches can be seen at several levels namely; i) governance and health 
policy; ii) point of care practices including community facility linkages (health service delivery level); and iii) 
ongoing research. The findings from the breadth of the studies contained in my thesis relevantly inform all 
these levels.

Governance and health policy

While much of the emphasis from the Millennium Development Goals was on decreasing under-five mortal-
ity; focused on acute respiratory infection, diarrhoea, malaria and malnutrition, it is becoming increasingly 
clear that perinatal and neonatal causes make up a substantial proportion of under-five mortality and that 
further reductions will need to address this in LICS. Importantly, apart from infections, intra-partum related 
complications/HIE may be the most rapidly increasing cause of inpatient neonatal deaths. The data in this 
thesis suggests that this is occurring within the context of increasing health facility deliveries, identifying that 
most rural health facilities are poorly equipped to handle maternal and neonatal health problems. Given 
that rural health facilities are the nearest points of contact between the health care system and ill neonates 
and young infants requiring care, there is a need to mobilize resources to equip these facilities to offer basic 
essential obstetric and neonatal care. Such rural health facilities also need to be effectively linked to more 
advanced facilities that can offer comprehensive emergency obstetric and neonatal care. In addition to pri-
mary prevention and improving inpatient management, a framework for active post-discharge follow up and 
rehabilitation of survivors of intra-uterine and neonatal insults is required so as to reduce the high burden of 
long-term neurological impairments. 

To achieve the above, it is clear that deliberate policies are required to direct investments towards combat-
ing the high neonatal morbidity. Such policies will be able to prioritize investments in health care systems in 
general and specifically in prevention of neonatal morbidity in low-income countries. Low-income countries 
especially in sub-Saharan Africa require urgent policies and strategies to guide the required investments to 
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optimize neonatal care. Dissemination of the findings of my thesis to policy and governance level stake hold-
ers will provide further evidence that such a policy direction is necessary if further reduction in under five 
mortality is to be realized. 

Point of care practices (health service delivery level)

Improving care at actual service delivery points is influenced by many factors as previously outlined. Our find-
ings address one of the key components, i.e. equipping the service provider with the knowledge to recognize 
neonates and young infants requiring emergency care and treatment. Overall, there is a need to revise the 
current clinical care guidelines in line with the findings described in this thesis. Furthermore, rapid dissemi-
nation through continuous in-service education programmes is also required. For this to happen, there is a 
need for Ministries of Health and medical regulatory bodies in LICS to strengthen existing continuous edu-
cation programmes. Importantly such programmes need to be restructured to be able to serve as effective 
vehicles for disseminating new research findings that have a direct bearing on every day clinical practice.

Ongoing research

The reported studies have provided considerable knowledge that can empower frontline health workers in 
improving the quality of care they provide. However, over the last few years it has become evident that a 
wide gap exists between health workers knowledge, and what they actually practice: the ‘know-do-gap’.87,88 

Bridging this gap may be equally important in minimizing the third component of delay that contributes to 
neonatal morbidity and mortality. One of the most promising approaches to improving quality at point of 
care over the last few decades has been the deliberate application of improvement principles/approach-
es.89,90,91 However, most of the documented results have come from small single-site facilities. Second, most 
of these have provided data on application of improvement methods on limited technical inventions not in-
tegrated health services. Third, virtually all have concentrated on individual facilities and hence not explored 
the application of the principles from a health systems strengthening perspective. Thus scale up of what 
works problematic.

Given the above, a systematic research agenda is required to generate knowledge geared to reducing the 
‘know-do-gap’ especially in the LICS. My colleagues and I are already actively involved in structuring a na-
tion-wide operational research agenda that will specifically address these issues in Kenya. This will explore 
the application of improvement approaches and principles to guide health governance, and development of 
a national quality improvement policy and strategy that mainstreams quality improvement as a core part of 
the health system. This policy will also support large scale application of ‘continual quality improvement’ by 
service delivery level rapid problem solving teams that can generate and analyze localized data on quality of 
care offered at their facility, and apply the plan-do-study-act cycle to continuously improve the same. Find-
ings from this undertaking will be highly informative globally and especially to other LICS in the sub-Saharan 
region.

Aside from operational research agenda geared towards bridging the ‘know-do-gap’, there are still notable 
knowledge deficits on many aspects of the burden of neonatal morbidity and mortality in LICS especially on 
long-term morbidity and prevention strategies. Well-designed studies addressing these areas will be critical 
in informing public health programs and shaping national and global policies that can mobilize and direct 
resources toward the necessary response strategies. My colleagues and I have also laid the background for 
many of these studies in the immediate and long-term. The envisaged studies cover four main areas, namely: 
(i) understanding community dynamics and exploring strategies that eliminate delays that lead to adverse 
maternal and neonatal outcomes; (ii) large cohort studies that explore the maternal-neonatal interfaces with 
specific focus on preventive strategies for vertically transmitted neonatal infections chiefly Group B Strepto-
coccus and HIV/AIDs among others; (iii) in-patient management of neonates and exploring adjunct therapies 
that may have neuro-protective properties and their feasibility for large scale application in resource poor 
settings; and, finally, (iv) large follow-up cohorts to better document long-term neurological outcomes fol-
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lowing a host of perinatal and neonatal insults in LICS. Overall, these studies will further bridge the informa-
tion gap that exists in neonatal disease burden in the sub-Saharan African region.

Conclusion

Most countries in low-income regions especially in sub-Saharan Africa are still struggling with a high burden 
of preventable diseases and conditions. A significant proportion of that burden occurs in the neonatal peri-
od. Importantly, evidence suggests that over the next few decades their health care systems will be further 
stretched by an ever-rising burden of lifestyle diseases, accidents and traumatic injuries.92 To avert or con-
siderably minimize this double catastrophe, it is clear that there is need for concerted effort and research to 
better understand the burden and feasible prevention strategies against neonatal morbidity and mortality. 
The findings of my thesis are critical in understanding this burden, and offer strategies to minimize the same. 
Well-designed programmes to explore how to translate these research findings into action will be required. 
Such efforts may not only significantly reduce childhood morbidity and mortality, but could also impact on 
overall morbidity and mortality in this region.
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Samenvatting

Hoofdstuk 1. Elk jaar worden wereldwijd ongeveer 140 miljoen baby’s geboren. Ongeveer 3,6 miljoen levend 
geboren kinderen overlijden binnen de eerste maand (neonatale sterfte). 2,6 miljoen kinderen worden dood 
geboren. Veertig procent van de sterfte van kinderen jonger dan 6 jaar betreft neonatale sterfte. Kindersterf-
te doet zich vooral voor in lage inkomenslanden en met name in Afrika ten zuiden van de Sahara. Belangrijke 
oorzaken van overlijden zijn vroeggeboorte, sepsis en hersenaandoeningen door zuurstofgebrek. In landen in 
sub-Sahara Afrika is kennis omtrent ziekte en sterfte van jonge kinderen, met name van neonaten nog steeds 
beperkt. Wij weten te weinig van de grootte van het probleem, van risicofactoren, klinische verschijnselen, 
bijdrage van zuurstoftekort, van bacteriële infecties en ook van de uiteindelijke afloop en de effecten op lan-
ge termijn.

Het Centre for Geopraphic Medicine Research (Coast) van het Kenya Medical Research Institute, Kilifi, Kenia, 
gevestigd in het Kilifi District Hospital bood in samenwerking met en binnen het Wellcome-Kemri onder-
zoeksprogramma, mogelijkheden tot onderzoek van de geschetste problemen. Genoemd Centrum ontwik-
kelde het Kilifi Epidemiology and Demographic Surveillance System (EPIDDS). Dit omvat een gebied van 891 
km2 met een bevolking van ruim 240 000 mensen. De bevolkingsgegevens worden elke 4 tot 6 maanden 
bijgewerkt en diverse bevolkingsonderzoeken werden en worden verricht. De GPS- en bevolkingsgegevens 
worden voortdurend gekoppeld aan de ziekenhuisgegevens.

De in de verschillende hoofdstukken van dit proefschrift beschreven onderzoeken werden verricht in het Kilifi 
District Hospital waar de patiënten waren opgenomen.

Hoofdstuk 2. Dit hoofdstuk geeft een overzicht van opnames van neonaten (levendgeborenen tot de 29-ste 
levensdag) in het ziekenhuis over de periode 1990 tot 2009. In deze periode nam het aantal opnames van ne-
onaten als percentage van het totaal aantal opnames van jonge kinderen (kinderen tot het zesde levensjaar) 
toe van 11% tot 20%. De toename kwam vooral door een toename van ziekenhuis- bevallingen t.o.v. thuisbe-
vallingen en door een groter aantal opnames van kinderen in de eerste levensweek. Neonatale sepsis, vroeg-
geboorte, geelzucht, hersenaandoeningen, tetanus en meningitis (hersenvliesontsteking) waren oorzaak van 
meer dan 75% van de opnames vanuit het ziekenhuis. De ziekenhuissterfte van jonge kinderen daalde in de 
genoemde 19 jaar maar de neonatale sterfte nam toe van 33% van alle kindersterfte in 1990 tot 55% in 2008. 
Kinderen met tetanus, vroeggeboorte en hersenaandoeningen hadden de grootste kans te sterven.

De combinatie van 6 factoren: onregelmatige ademhaling, zuurstofverzadiging < 90%, bleekheid, nekstijf-
heid, gewicht <1,5 kg en verhoogde bloedsuikerspiegel boven 7 mmol/l, had een voorspellende waarde voor 
neonatale sterfte (sensitiviteit 81%, specificiteit 68%). Neonaten die risico lopen te sterven, kunnen aan de 
hand van betrekkelijk eenvoudige kenmerken worden geïdentificeerd.

Hoofdstuk 3. In dit hoofdstuk worden de kinderen beschreven die tussen 2002 tot 2005 werden opgenomen 
in het ziekenhuis. Bij deze kinderen werden de klinische en laboratorium gegevens vastgelegd terwijl ook 
de zuurstofspanning in het bloed werd gemeten met behulp van “fingertip pulse oximetry”, Te lage zuur-
stofspanning (hypoxemie) werd vastgesteld bij 6,4% van alle opgenomen kinderen (n =15 279). De meeste 
kinderen ouder dan 59 dagen, voldeden aan de criteria van de Wereldgezondheidsorganisatie (WHO) voor 
longontsteking maar bij slechts 31 % van deze kinderen werd longontsteking als definitieve diagnose gesteld. 
Shock, een hartfrequentie <80 per minuut, onregelmatige ademhaling, een ademhalingsfrequentie >60 per 
minuut en verminderd bewustzijn waren voorspellende tekenen voor hypoxemie. Het klinische syndroom 
“longontsteking” en klinische kenmerken bleken matige voorspellers van hypoxemie. Het meten van zuur-
stofspanning helpt bij de besluitvorming om zuurstof toe te dienen en lijkt kosteneffectief.

Hoofdstuk 4. Hersenvliesontsteking (meningitis) is moeilijk vast te stellen bij heel jonge kinderen. De WHO 
heeft een aantal criteria vastgesteld op grond van beperkte gegevens. Van alle, tussen 2001 en 2005 opge-
nomen kinderen jonger dan 60 dagen werden de klinische gegevens bestudeerd in relatie tot microbiologi-
sche gegevens. De resultaten hiervan werden vervolgens prospectief gevalideerd in de jaren 2006 en 2007. 
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Aanwijzingen voor meningitis bleken koorts, lichaamstemperatuur ≥39ºC, convulsies, geïrriteerdheid en een 
gespannen fontanel. Op grond van klinische aanwijzingen zou bij 21 patiënten een lumbale punctie verricht 
moeten worden om één geval van meningitis vast te stellen; op grond van de WHO criteria zou dat bij 28 pa-
tiënten moeten geschieden. Eenvoudige klinische tekenen identificeren twee derde van deze jonge kinderen 
met meningitis. Lumbale punctie is essentieel voor het definitief stellen van de diagnose en ter vermijding 
van onnodige behandeling. Ook waar biochemische bepalingen en bacteriologische kweek niet mogelijk zijn, 
is lumbale punctie een nuttige ingreep. Voor kinderen in de eerste levensweek helpen de criteria van de 
WHO en een scoring systeem nauwelijks of niet.

Hoofstuk 5. Van alle kinderen jonger dan 60 dagen, die van 2001 tot 2010 van buiten het ziekenhuis werden 
opgenomen, werden de resultaten van bij opname afgenomen kweek van bloed en liquor geanalyseerd. 
Van de 4 467 kinderen hadden 505 ( 11%) een invasieve infectie (bacteriëmie dan wel meningitis) van wie 
167 (33%) stierven. De meest voorkomende bacteriën waren Klebsiella spp. Staphylococcus aureus, Strep-
tococcus pneumoniae, groep A en groep B streptokokken, Acinetobacter spp. en E. coli. Sommige bacteriën 
werden alleen waargenomen bij kinderen afkomstig van buiten het ziekenhuis en opgenomen in de eerste 
levensweek: Salmonella, Aeromonas en Vibrio spp. De gevoeligheid voor penicilline en/of gentamicine was 
hoog, >80%, maar vanaf 2008 nam de gevoeligheid af zonder vooralsnog invloed op het klinisch beloop. Van-
wege het vaak voorkomen van bacteriële infectie bij jonge kinderen en de hoge sterfte is het op proef geven 
van antibiotica gerechtvaardigd. 

Hoofdstuk 6. Van 2002 tot 2010 stierven 366 (19.0%) van de 1848 in het ziekenhuis geboren en vervolgens 
opgenomen neonaten. Van de 1767 afgenomen bloedkweken waren 91 (5.2%) positief. De meest gekweekte 
bacteriën waren groep B streptokokken, Staphylococcus aureus, E. coli en Klebsiella spp. Aanvankelijk was 
84% van de isolaten gevoelig voor penicilline/ampicilline en/of gentamicine maar in de loop der tijd was er 
een trend naar resistentie: in 2009 was nog 69% van de isolaten gevoelig voor ampicilline/gentamicine. On-
danks het gebruik van ampicilline/gentamicine als eerstelijnstherapie was de afloop niet slechter. Maar deze 
therapie dient regelmatig opnieuw te worden beoordeeld.

Hoofdstuk 7. Het in dit hoofdstuk beschreven overzicht van gepubliceerde literatuur toont dat er aanzienlijke 
leemtes zijn in onze kennis van incidentie en oorzaken van en risicofactoren voor bacteriële sepsis bij moe-
ders en neonaten in Afrika ten zuiden van de Sahara. De literatuur geeft aan dat ongeveer 10% van de moe-
dersterfte en 26% van de neonatale sterfte wordt veroorzaakt door sepsis. Waarschijnlijk zijn dit belangrijke 
onderschattingen. Op grond van succesvolle strategieën in rijke landen en vroeger onderzoek in Afrika mag 
men verwachten dat eenvoudige interventies, inclusief antiseptische en antibiotische behandeling, hierin 
verbetering zouden kunnen brengen. Deze interventies dienen dringend in goed opgezet onderzoek te wor-
den bestudeerd om de Millennium Development Goals betreffende gezondheid van moeders en kinderen, 
die in 2015 niet gehaald zullen worden, alsnog, zij het later, te halen.

Hoofdstuk 8. Bij 4 790 (93.7%) van de 5 114 tussen 2002 en 2010 opgenomen neonaten werd bloedonder-
zoek naar malariaparasieten verricht. Bij 18 (0.35%) kinderen werden parasieten (P. falciparum) gevonden. 
Elf kinderen waren in de eerste levensweek; zij hadden een bewezen aangeboren (congenitale) malaria. In de 
regio waaruit de patiënten komen die in het ziekenhuis worden opgenomen, blijkt congenitale en neonatale 
malaria zeldzaam. In endemische gebieden met een hogere malaria transmissie is onderzoek naar malaria 
aan te raden maar het overal routinematig geven van malariamiddelen wordt door dit onderzoek niet onder-
steund.

Hoofdstuk 9. Stuipen komen veel voor bij kinderen die worden opgenomen in ziekenhuizen in landen met 
laag en midden inkomen. We weten weinig van de omvang van het probleem, van de oorzaken en van de 
gevolgen bij neonaten in Afrika. Wij onderzochten de gegevens omtrent stuipen bij alle neonaten afkomstig 
uit ons demografisch onderzoeksgebied (zie hoofdstuk 1) opgenomen van 2003 tot 2008. Bij 142 van de 1572 
neonaten (9.0%) werden stuipen gemeld; incidentie 39.5 (95% BI 26.4-56.7) per 1000 levend geborenen. De 
belangrijkste diagnoses van kinderen met stuipen waren sepsis (85; 60%), hersenaandoeningen (30; 21%) 
en meningitis (21; 15%). Er was geen verschil in sterfte tussen kinderen met en zonder stuipen maar sterfte 
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bleek verband te houden met hoger geboortegewicht [gewicht ≥2.5 kg odds ratio 1.59(95% BI 1.02-2.46) 
p = 0.037]. Bij ontslag had 13% van de neonaten die waren opgenomen met stuipen, neurologische afwijkin-
gen.

Hoofdstuk 10. Er is weinig bekend over de consequenties op lange termijn van intra-uteriene en neonatale 
problemen. Wij onderzochten de literatuur hieromtrent, vooral deze betreffende lage en midden-inkomens-
landen. Van 28 212 onderzoeken bleken 153 geschikt voor nadere analyse met daarin 22 161 overlevenden 
van uteriene en neonatale problemen. Het risico op belangrijke, langdurige neurologische aandoeningen was 
hoog. Het frequentst waren leerproblemen, cognitie, vertraagde ontwikkeling, verlammingsverschijnselen, 
vermindering van horen en zien. Cohort onderzoeken zijn nodig om gegevens te verkrijgen in gebieden waar 
weinig middelen en mogelijkheden, lage inkomens en een slechte infrastructuur zijn.

Hoofdstuk 11. In deze afsluitende beschouwing worden de verschillende aspecten en onderzoeken bedis-
cussieerd en worden de noodzaak en verschillende mogelijkheden en adviezen voor verder onderzoek toe-
gelicht.
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STUDY PROTOCOL
1. Title of the Project: 

Burden and outcome of Neonatal conditions admitted to Kilifi District.

2. Investigators and Institutional Affiliations: 

Michael Mwaniki1 

Charles Chesaro1

Alison Talbert1

Shebe Mohamed1

Evasius Bauni1

Greg Fegan1

Jay Berkley1&2

Charles Newton1&3

Institutions of affiliations 

1. KEMRI CGMR-Coast, Kilifi, Kenya 
2. Centre for Clinical Vaccinology and Tropical Medicine, Churchill Hospital, Oxford University, UK
3. Neurosciences Unit, Institute of Child Health, University College London, UK

3. Abstract: 

Neonatal conditions contribute to more than one third of the mortality among children under the age of 
five years. Most of these deaths occur in remote rural homes. However mortality among newborns admit-
ted to rural health facilities is also common and maybe a reflection of the pattern of neonatal deaths in the 
community. Despite this, there are no studies documenting the magnitude in terms of incidence of neonatal 
conditions and also the secular trend in neonatal inpatient burden in our setting. This information is vital for 
planning appropriate public health interventions targeting the neonatal period. In this project we will use 
data collected prospectively over a period of 19 years to document the secular trend in neonatal admissions 
and also calculate the incidence of individual neonatal conditions. We will also try to understand in detail 
important aspects of conditions such as sepsis, prematurity, meningitis, Jaundice, neonatal malaria and ne-
onatal tetanus among others.
 

4. Introduction/Background: 

Neonatal conditions are a major contributor to the global burden of morbidity and mortality. Each year it 
is estimated that more than four million newborns die in the world, with a further four million stillbirths.1,2 
These numbers are likely to be gross underestimates given that most of these deaths occur in areas where 
vital statistics’ if they exist at all are often inaccurate.2 More than 98% of these deaths occur in developing na-
tions with the highest rates occurring in sub-Saharan Africa where each year it is estimated that one million 
babies are stillborn, at least another one million die within the first four weeks of life and over half a million 
die within twenty four hours of being born.3 Overall it is thus estimated that up to 38% of all deaths in the first 
five years of life occur during the neonatal period, and in some regions this proportion may still be rising.1 
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Although evidence suggest that most of the births and neonatal deaths occur in rural homes before any con-
tact with formal health care systems, hospital deliveries and neonatal admissions appear to be increasing and 
neonatal inpatient mortality and morbidity is common and thus may reflect the pattern of neonatal disease 
in the community. The causes of this high morbidity and mortality may include sepsis, meningitis, birth com-
plications, jaundice and prematurity among others.1 In developing countries it is likely that the high mortality 
and morbidity is further aggravated by delays in:-a) recognizing a serious ill neonate at home, b) reaching 
appropriate point of care and c) in receiving care even on reaching an health facility.3 

Over the last several decades sustained effort and resources have been put into prevention and reduction of 
childhood morbidity and mortality. Some of the key areas that have received widespread attention include 
increasing and sustaining immunization coverage, introduction of new vaccines for invasive bacterial diseas-
es notably (Haemophilus and pneumococcal infections) and strategies aimed at prevention and development 
of effective treatment for falciparum malaria.5-10 These interventions appear to have largely targeted and 
benefited the older child (≥2months) and it is thought mortality in this group may have halved over the last 
several decades,1 particularly with the reduction of certain conditions such as malaria and some bacterial dis-
eases.7-9 The reduction in the incidence of malaria may have caused changes in neonatal malaria, although it 
is uncertain in which direction. One study in done in Nigeria suggests that the prevalence of neonatal malaria 
maybe as high as 24.8%.10 More studies in similar setting are needed to validate this finding.

In contrast to this trend in disease burden in the older child, neonatal morbidity and mortality remains un-
acceptably high.1-3 Given the high and sustained fertility rates, high population growth rate, low uptake of 
family planning practices, expanding antenatal coverage and increased promotion of hospital delivery, it is 
also plausible that the neonatal burden at the facility level maybe increasing in developing countries in gen-
eral and sub-Saharan Africa in particular.3 However there are no published studies demonstrating the secular 
trends in neonatal admissions and outcome in health care facilities in developing countries. Importantly too, 
the true incidence of these conditions in developing regions are hardly documented. Such information would 
help in planning public health interventions. 

Neonatal tetanus is a concern in Kilifi district. Globally this easily preventable disease is thought to cause 
close to half a million neonatal deaths annually.11 In 2000, the Ministry of Health mandated the centre (KEM-
RI-Centre for geographic medicine research- coast) to examine why neonates in Kilifi district continued to de-
velop tetanus, despite improvements in the vaccine coverage. Following this, Blood samples were obtained 
from Mothers and their newborns if they were admitted with neonatal tetanus. It was found that more than 
90% of Mother had adequate tetanus IgG antibodies in their plasma, but the reason as to why this was not 
providing protection was not clear. Plausible factors may include chronic and concurrent malaria, prematuri-
ty and possibly the HIV infection status of the mother.11 We were not able to determine if HIV infection was 
a cause since HIV counseling was not operational at that time in Kilifi District Hospital. 

Therefore, given: - a) the public health importance of neonatal conditions and their identification as being 
key to achieving the millennium development goals on reduction of the morbidity and mortality of children 
under the age of five years by two thirds,1,2 b) lack of clear understanding of what may contribute to devel-
opment of some of these conditions especially neonatal tetanus, and c) lack of published information on 
secular trend in neonatal conditions and paucity of information on the incidence of key neonatal conditions, 
studies are needed to address these areas. 

There are several factors that make Kilifi district hospital particularly well suited for this. Firstly, data from the 
district hospital suggest that neonatal conditions form a sizeable part of the close to 5000 annual paediatric 
admission and makes up approximately one third of all inpatient mortality.12 Secondly, a systematic inpatient 
surveillance system has been in existence since 1990 and most of the data has been collected and entered 
into an online database. This makes it possible not only to examine secular trends of neonatal conditions but 
also to compare them to non-neonatal admission. Thirdly since 2006 increased surveillance and investiga-
tions of neonatal conditions was instituted. Finally the hospital is situated within an active epidemiological 
and demographic surveillance system (EPI-DSS) with re-enumeration and registration conducted every four 
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months. It is estimated that close to 8000 births occur annually within the DSS area. This makes it possible to 
estimate the minimum incidence of main neonatal conditions (particularly sepsis, jaundice, birth asphyxia, 
prematurity, neonatal tetanus, neonatal malaria and intra-uterine growth retardation (as assessed by admis-
sion weight). 

5. Justification for the Study: 

Neonates form a significant proportion (7 to 16%) of all paediatric admissions to Kilifi district hospital and 
have a high mortality.12 This scenario is likely to be similar in other general hospitals in sub-Saharan Africa. 
With the reduction in infections in older children, the burden of neonatal conditions appears to have in-
creased. Previous studies in Kilifi have identified neonatal sepsis, jaundice, prematurity and birth asphyxia as 
important causes of admission. However these admissions were not linked to the demographic surveillance 
system (in particular the live birth rate), and an assessment of the burden in terms of the minimum incidence 
could not be derived. 

6. State the Null Hypothesis: 

This is largely descriptive study and no hypothesis is being tested. However we will test if there is an associ-
ation between neonatal tetanus and maternal HIV infection. The null hypothesis for that part of the study is 
therefore that: there is no association between maternal HIV infection and neonatal tetanus.

7. a) General Objectives: 

To determine secular trends, admission burden and outcome of neonatal disease to a rural Kenyan hospital 
over a period 19 years.

b) Specific Objectives: 

i To determine changes in the pattern of neonatal admissions over a 19 year period 

ii To determine the minimum incidence of the major causes of neonatal diseases particularly sepsis, 
jaundice, birth asphyxia, prematurity, neonatal tetanus, neonatal malaria and intra-uterine growth 
retardation 

iii To determine if there is an association between maternal HIV infection and neonatal tetanus 

8. Design and Methodology:

a) Study site 

This is a retrospective study of neonatal admissions to the paediatric ward of Kilifi District Hospital (KDH). 
The hospital serves a rural and semi-urban area on the Indian Ocean coast. There is a system of continuous 
demographic surveillance (DSS) of approximately 240,000 individuals in an area surrounding the hospital and 
this will serve as the geographic base in calculating incidences of the various neonatal conditions.
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b) Study populations

Paediatric admissions to KDH 1990 until the 31st December 2008. 

i) Inclusion criteria 
 All neonatal admissions 
ii)  Exclusion criteria
 None
iii)  Rationale for animal use and justification for animal species chose
 No animal studies

c) Sampling

This study looks at all consecutive neonatal admissions to Kilifi district hospital from 1990 onward. Assess-
ment of incidence of various neonatal conditions will be made using information from the demographic 
surveillance study from May 2004. The inpatient surveillance data collected since 2006 will be utilized to 
calculate minimum incidence of each of the main neonatal conditions per 1000 live births per year.

d) Procedures

Clinical and other information

All information will be extracted from the earliest year of documentation.13 Data will be extracted from both 
clinical records as well as the historical and current hospital surveillance systems for:
ii) Demographics: Age, sex, location, place of birth.
iii) Clinical Presentation: Presenting complaints: fever, cough, fits, diarrhoea, vomiting, jaundice
iv) Clinical syndrome: Admission discharge diagnoses recorded as: Pneumonia, meningitis/CNS  
 infection, prematurity and Birth asphyxia among others. 
v) Markers of Severity: Admission observations, examination and investigations: 

Respiratory: respiratory rate (tachypnoea or bradypnoea), in-drawing, deep breathing, cyanosis, na-
sal flaring, head nodding, grunting, hypoxia (saturations less than 90% by pulse oximetry). Cardio-
vascular: heart rate (tachycardia or bradycardia), capillary refill greater than 2 seconds, temperature 
gradient, sunken fontanel, sunken eyes, pallor, severe anaemia on admission (haemoglobin less than 
8g/dl or transfusion required) Hepatic: Jaundice, Neurological: prostration, neck stiffness, 
bulging fontanel. Other: temperature, duration of admission, admission to high dependency unit. 

vi) Laboratory investigations – full blood count, malaria slide, culture of blood, urine, cerebrospinal fluid. 
Blood culture is taken routinely (from 1998) on all neonatal admissions to the hospital. Other cultures 
(cord swaps, skin lesions and urine) are also performed as required. Lumbar puncture is performed 
on all cases of suspected meningitis. This information is also available as part of the core surveillance 
data which will be utilized in this study.

vii) Outcome: Death during admission. Neurological abnormalities noted at discharge. 
viii) Maternity information: this will include:-number of mothers admitted, hospital deliveries and  
 number of newborns transferred from maternity ward to paediatric ward and reasons for transfer.
ix) Maternal HIV status: From 2000 we have collected serum samples of immunised mothers (at least  
 two tetanus toxoid injections) whose babies presented with neonatal tetanus. In total 70 such mother  
 infant pairs have been identified and their serum collected and archived. This will be tested for HIV  
 infection using two rapid methods (Unigold and Determine) with ELISA used for resolution of discord 
 ant results.
x) HIV co-infection: Parents of all children admitted since November 2006 have routinely been invited to  
 have an ‘opt-out’ HIV test performed on their child’s serum for care using two rapid methods (Unigold  
 and Determine) and resolution of discordant results with ELISA. This study will collect these data from  
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 medical records for those admitted from November 2006. Where the antibody test was reactive,  
 stored samples will be used for PCR determination of HIV infection. This information will also be  
 utilised in calculating the burden of HIV co-infection in the neonatal period 

9. Data Management: 

(a) Data Storage 

Clinical data will be extracted from existing surveillance mechanisms at the Centre for Geographic Medicine 
Research Coast, Kilifi. 

(b) Data Management

Admission data has been entered in a File maker database which is confidential and has restricted access. 
Data obtained from this system and review of the medical notes will be kept confidential and access restrict-
ed on password protected computers. Data will be analyzed using STATA 9.2. During analysis, we will describe 
the trend in neonatal admissions, burden of particular conditions such as neonatal sepsis, birth asphyxia, 
meningitis, neonatal jaundice and prematurity and incidence of each of the above named conditions.

(c) Analysis plan 

Parameters Planned analysis
Documenting trend in neonatal admissions burden 
totals and by individual conditions and also trend in 
hospital deliveries

Profile the proportion of neonatal admissions to non 
neonatal admissions. We will also describe the num-
ber of maternity deliveries over the 19 year period.

Inpatient survival Kaplan-Meier survival analysis. We will investigate 
mortality rates by disease. 

Comparison of outcome between hospital and home 
deliveries

�2 test 

Incidence of various Neonatal conditions Calculation of minimum incident rates and ratios 
since 2006 with the denominators estimated from 
the DSS

Association between maternal HIV infection and ne-
onatal tetanus

Proportion of HIV infections among mothers of new-
born with tetanus will be compared to the propor-
tions of HIV infections among mothers attending an-
tenatal clinic at the district hospital.

10. Time Frame/Duration of the Project:

Overall this project is scheduled to last one year from the time of approval. Tentatively this maybe from 
March 2009 to march 2010.
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a. Pilot study 

 Not applicable

b. Definitive study

 Extraction of information from the online databases is expected to take three months from the time  
 this project is approved.

c. Data analysis

 Analysis outlined above will also be scheduled to take three more months

d. Report preparation

 Report writing and submission for publication is expected to take three to six months.

11. Ethical Consideration:

A) Human subjects

i) Risk of Harm
Most of the study will involve data already collected. A small part of the study will involve testing for 
up to 70 mothers for HIV. Because this samples have been stored for a long time (8 years in some cas-
es) and we are also not able to trace the mothers, the HIV testing will be done anonymously. Any HIV 
positive mother, who has not been tested anywhere else and started on care, will thus be exposed to 
the risk of never knowing her status. 

ii) Benefit to study subjects or community 
Results generated from this study are expected to yield useful information on the epidemiology of ne-
onatal conditions at a rural district level. Information from the increased surveillance period of 2006 
onward will be particularly pivotal in describing the burden of neonatal conditions such sepsis. Such 
information is vital for implementing and evaluating interventional measures targeting direct man-
agement of specific neonatal conditions and their prevention both in the hospital and at community 
level.

iii) Informed consent
Apart from the 70 maternal samples that will be tested for HIV anonymously, this study involves infor-
mation already collected. However it is worth noting that Informed consent for general non invasive 
descriptive studies is obtained as part of routine admission procedures to the paediatric ward at Kilifi 
district hospital. 

iv) Confidentiality
On admission every child has been allocated a unique identifying number. This will be used as the 
linking identifier for clinical and laboratory databases. To ensure confidentiality this information will 
only be accessed through the data manager, Centre for Geographic Medicine Research Coast. Access 
to this data after the completion of the study will not be permitted by the data manager without a 
further application to the Scientific Steering Committee of the Kenya Medical Research Institute. 

v) Description of Agent /Intervention/Activity 
Not applicable
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B) Animal subjects

Not applicable

12. Expected Application of the Results:

Neonatal conditions contribute more than a third of all inpatient mortality in rural health care facilities in low 
income countries. Many more neonatal deaths occur 
in remote rural homes and are never documented. This study will help in understanding the trends of neo-
natal disease burden over a long period of time and also establish the minimum burden of most of the neo-
natal conditions. This information is expected to be vital in planning for public health interventions targeting 
neonatal health.
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14. Budget: 

(i) Personnel, salaries and other disbursements  
 None     

(ii) Supplies  
 ELISA/PCR for HIV    1,600,000ksh  $20,000
 
(iii) Operating expenses postage
 printing & publication    200,000ksh  $2500 
    
(iv) Contingency 15% of 
 the above total     270,000ksh  $3,375
 
 Total      2,070,000ksh  $25,875    
  

15. Justification of the Budget: 

This project is part of the Kemri-wellcome trust core funding therefore there will be no institutional over-
heads. Likewise no new staffs will be employed in this project. Overall most of the costs will be incurred from 
PCR testing for HIV, printing and publication.
 

16. Appendices: 

Appendix 1: Role of investigators

1. Dr Michael Mwaniki, Medical Officer and Principal investigator. Designed the study. Will be in-charge of 
data extraction, data cleaning, analysis, report writing and preparing the final manuscript for publication.

2. Charles chesaro, clinical officer. Co-investigator and clinician In charge of inpatient care of neonates. 
Helped design the project and will also be involved in report writing

3. Dr. Allison Talbert, medical officer. Co-investigator. Will be involved in data extraction and analysis and 
report writing.

4. Mohammed Shebbe, Clinical officer. Co-investigator and clinician In charge of inpatient care of neonates. 
Helped design the project and will also be involved in report writing 

5. Dr. Evasius Bauni. Partcipated in overall conception of the study. Also in charge of the continuous surveil-
lance of births and deaths in the demographic surveillance system in Kilifi district.

6. Dr. Greg Fegan, Statistician. Will be involved in all the statistical aspects of this study.
7. Dr. Jay Berkley. Senior clinician and researcher. Involved in supervision of clinical care, study design, data 

collection, data extraction, analysis and final report writing.
8. Prof Charles Newton. Involved in overall study design and conception. Will also participate in data analy-

sis and review of the final manuscript for publication.
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