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«...research conducted

in the field has begun to truly
come into its own, creating
links between people

and institutions and helping
foster once unthinkable
relationships between basic
science and public health».

«...la ricerca sul campo

comincia ad avere una sua
dignita, unendo persone

e istituzioni e favorendo rapporti,
un tempo impensabili,

tra scienza di base e salute
pubblicay.

Giovanni Putoto,
Medici con I'Africa Cuamm
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ENSURING THE FUTURE
OF HEALTHCARE

Health systems in Italy and Africa have reached a critical turning
point: already chronically underfunded, they are now also
sapped by the COVID-19 pandemic and facing rising patient
expectations as well as the privatization of services and political
indifference. The most emblematic aspect of this difficult
situation, however, is the crisis with regard to human resources:
there are simply not enough health workers. It is estimated

that by 2030 there will be shortfalls of some 30 to 40 thousand
doctors and 60 to 70 thousand nurses in Italy, 4 million health
workers across Africa, and 15 million globally. And this severe
health worker shortage is just one part of the problem.

Also under way is a phenomenon known as “the Great
Resignation”, where growing numbers of health workers are
opting to quit their professions early due to stress, inadequate
remuneration and a lack of job satisfaction at the same time
that more and more of their younger peers are moving abroad
in search of “greener pastures”. This is taking place against a
backdrop of tension between more traditional training pathways
and the need of health workers to develop new skills to better
understand and address social determinants and inequities.
Notwithstanding this difficult scenario, some positive
developments are also being seen.

For more than 15 years the Italian Medical Students’
Association (SISM) has provided medical students from 30
Italian universities with the opportunity to undertake a period
of training in Africa. Those who have taken it up have reported
positive impacts both professionally and personally, including
increased motivation and resolve to carry on with their studies
as well as greater personal awareness about health inequities
and an intensified resolve to help tackle them.

The Junior Project Officer program is now two decades old, and
has enabled over 300 medical students from Italy to train in
Africa for six-month periods, taking on significant yet enriching
challenges including a lack of resources, cultural diversity,
interprofessional teamwork, mortality and research?.

The number of doctoral scholarships offered by Italian
universities to younger people in global health area is also on
the rise. The same institutions, are also finally beginning to
engage in interuniversity cooperation with African countries. An
inspiring example is the second-level Master’s degree program
in pediatric and neonatal emergencies offered by the University
of Padua and two Mozambican universities.

Last but not least, research conducted in the field has begun

to truly come into its own, creating links between people and
institutions and helping foster once unthinkable relationships
between basic science and public health?.

While these are but sprouts of hope, and clearly not enough
to tackle the scope and complexity of the challenge vis-a-vis
the lack of health workers, they are still promising signs that
call for systematic nurturing and development. Indeed, a
critically important part of caring for patients is caring for the
health workforce itself.

Giovanni Putoto
Head of Operational Programming and Research,
Doctors with Africa CUAMM

Field research

LA RISORSA UMANA COME
PROMESSA AL FUTURO

| sistemi sanitari in Italia e in Africa sono a un tornante cruciale
della loro storia.

Usciti esausti dalla epidemia di Covid-19, soffrono di un cronico
sotto finanziamento, patiscono la privatizzazione dei servizi e
I'indifferenza della politica. Il tratto pitt emblematico di questo
smarrimento, pero, & la crisi profonda della risorsa umana:
mancano gli operatori sanitari, i care givers. Le stime variano dai
30-40 mila medici e 60-70 mila infermieri in Italia ai 4 milioni in
Africa fino 15 milioni a livello globale previsti fino al 2030.

C’e poi il fenomeno della Great Resignation o del disimpegno:
stress, condizioni retributive inadeguate e scarsa gratificazione
professionale spingono molti lavoratori della salute a licenziarsi
anzitempo mentre si ingrossano le fila dei piti giovani che
migrano all’estero in cerca di opportunita migliori. Sullo sfondo,
la tensione tra percorsi formativi focalizzati sui meccanismi
biologici della malattia e le esigenze di sviluppare nuove
competenze per affrontare i determinanti e le disuguaglianze
sociali e le sfide della salute globale.

Uno scenario non confortante in cui qualcosa di positivo si

sta muovendo, con nuove prospettive per i piti giovani nella
formazione e nella ricerca sul campo.

Il Segretariato Italiano degli Studenti di Medicina invia da oltre
15 anni in Africa studenti di medicina da 30 universita italiane.
L'impatto positivo, a detta degli studenti, é sia sul versante
professionale, con una maggiore motivazione a proseguire gli
studi, sia su quello personale, con un rinnovato impegno ad
affrontare il tema delle diseguaglianze in salute’.

L'iniziativa Junior Project Officer é al suo ventesimo anno:

oltre 300 specializzandi italiani hanno trascorso un periodo

di formazione di 6 mesi in Africa affrontando sfide e difficolta
inedite e arricchenti, come le diversita culturali, la scarsita
delle risorse, la collaborazione interprofessionale, la morte,

la ricerca?.

Crescono anche le borse di dottorato offerte dalle universita
italiane su temi di salute globale. Spinte dalla necessita di
allargare gli orizzonti internazionali e il dialogo con la societa
civile, le universita si aprono alla cooperazione interuniversitaria
anche in Africa. Ne & un esempio il Master di secondo livello

in emergenze pediatriche e neonatologiche che coinvolge
I'Universita Padova e due Universita Mozambicane.

Infine, la ricerca sul campo comincia ad avere una sua dignita,
unendo persone e istituzioni e favorendo rapporti, un tempo
impensabili, tra scienza di base e salute pubblica’.

Sono germogli, piccole promesse, certamente insufficienti

in rapporto alla vastita e alla complessita dei problemi che
affliggono le risorse umane in sanita. Sono tuttavia segnali che
vanno coltivati e diffusi in maniera sistematica. Prendersi cura
dei pazienti significa anche e soprattutto prendersi cura della
risorsa umana.

Giovanni Putoto
Responsabile della Programmazione e della Ricerca Operativa,
Medici con I'’Africa Cuamm

1 Quaglio, GL et al. Medical Electives in Sub-Saharan Africa: A 15-Year
Student/NGO-Driven Initiative. J Community Health 47,273-283
(2022). https://doi.org/10.1007/s10900-021-01045-5.

2 Quaglio GL, Putoto G et al. International medical electives in Sub-
Saharan Africa: Experiences from a 19-year NGO-driven initiative, BMC

Medical Education, submitted for publication.

3 Alberto Mantovani, Maria Rescigno, Guido Forni, Francesca Tognon,
Giovanni Putoto, Jerry Ictho and Peter Lochoro, Covid-19 Vaccines and
A Perspective On Africa, Trends in Immunology (2023).
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PARTNERING ON RESEARCH
AND INTERVENTIONS
TO GENERATE HEALTH

Studies, analyses and international partnerships to generate
new know-how and integrate it into our programs on the
ground: this describes both the aim and outcome of Doctors
with Africa CUAMM'’s 2022 operational research.

This year saw not only the publication of 31 studies in
international journals, but also research activities in every
area of intervention and country with which CUAMM
engages. While we focused in particular on newborn and child
health — of vital importance for fostering healthy futures for
individuals and communities alike — and infectious diseases,
we also carried out numerous interventions in the areas of
nutrition, chronic diseases and public health.

Our research encompassed studies on the management of
newborns in low-resource settings and chronic diseases like
diabetes (a critical matter in African countries affected by
food insecurity) as well as one conducted in a pair of Angolan
health centers with the aim of improving the care and
management of tuberculosis (TB) patients through better
data collection and tracing systems.

We also worked on a large and diverse group of studies dealing
with various aspects of infectious and tropical diseases,
especially HIV/AIDS, malaria and TB, with a focus on drug
resistance, a mounting challenge both locally and globally.

A few studies continued to investigate the impact of the
COVID-19 pandemic on already tenuous health systems

in low-resource countries, and in exceptionally difficult
situations such as the camps hosting refugees and IDPs in
Mozambique and Ethiopia.

Finally, analyses were done of various sensitive health and
social issues that have now made their way onto “Western”
agendas as well, including the mental health of adolescents
and vulnerable individuals such as HIV/AIDS patients and
others who are particularly disadvantaged either from a
socio-economic perspective and/or in terms of their lack of
access to health services.

The decision by prominent international journals including
BMC, Scientific Reports and Frontiers in Public Health to
publish CUAMM's research this year testifies to the growing
recognition of our organization’s expertise and the quality
of our research. Following the compulsory hiatus due to the
COVID-19 pandemic, CUAMM's participation in conferences
both in Italy and abroad is also on the rise, enabling us to
share our work with our peers through oral and poster
presentations.

It was certainly no foregone conclusion that an international
development organization so busy in the field would have
achieved such recognition. We are also pleased to note the
number of health research institutions with which CUAMM
collaborated in 2022: a total of 76, including nearly 30 in Africa
and a growing number of partners in Italy, elsewhere in Europe
and further abroad, from Thailand to the United States.

Field research

RICERCA E INTERVENTO,
INSIEME PER COSTRUIRE
SALUTE

Studi, analisi, partnership internazionali per produrre nuova
conoscenza e integrarla ai programmi di intervento sul campo:
e stata questa la ricerca operativa a firma Cuamm nel 2022.

3l ricerche pubblicate su riviste internazionali e un‘attivita di
ricerca che ha coperto tutte le aree geografiche e di intervento
in cui Cuamm opera; tra i temi toccati emerge una attenzione
particolare alla salute infantile e neonatale, premessa
necessaria per costruire un futuro di salute per i singoli e per
la collettivita, e alle malattie infettive ma con uno sguardo
sempre ampio che non trascura la nutrizione, le malattie
croniche e la salute pubblica.

Dagli studi sulla gestione del neonato nei Paesi a basse risorse
a quelli sulle malattie croniche come il diabete, critico anche
nei contesti africani di insicurezza alimentare, fino allo studio
in due centri angolani per migliorare i processi di cura e
gestione dei pazienti malati di tubercolosi tramite sistemi di
raccolta dati e tracciamento.

Rilevanti per numero e varieta sono le ricerche che
approfondiscono i diversi aspetti delle malattie infettive e
tropicali, in particolare HIV, malaria e tubercolosi, con un focus
sul tema della farmaco-resistenza, di rilevanza crescente
anche a livello globale.

Qualche linea di ricerca approfondisce ancora la pandemia

di Covid-19, ponendo I'accento sull'impatto che ha avuto sui
sistemi sanitari, gia fragilissimi, dei Paesi a risorse limitate,

e nelle situazioni particolarmente critiche come quelle dei
campi che accolgono i profughi, i displaced people, e i rifugiati
in Mozambico ed Etiopia.

Non mancano le analisi su temi delicatissimi sia sul piano
sanitario sia sociale, ormai entrati anche nelle agende
‘occidentali’: si tratta della salute mentale e del suo impatto
sugli adolescenti e sui soggetti fragili, siano essi malati di HIV
o membri di comunita particolarmente svantaggiate a livello
socio-economico e di accesso alla salute.

Le riviste che hanno ospitato i lavori del Cuamm

— tra cui BMC, Scientific Reports, Frontiers in Public Health —
confermano una crescita di autorevolezza e posizionano
I'organizzazione come autore di ricerca accreditato. Inoltre,
dopo la pausa forzata legata al Covid-19, appare in crescita
anche la partecipazione a convegni, in Italia e all’estero, in cui
le ricerche a firma Cuamm sono state condivise con esperti

e addetti ai lavori attraverso presentazioni orali e nelle poster
session dedicate.

Un posizionamento in ambito scientifico di valore e niente
affatto scontato per un'organizzazione che si occupa di
cooperazione e interventi sul campo. Lo conferma anche
il numero di centri di ricerca e istituzioni che si occupano
di salute e sanita con cui Cuamm ha collaborato nel 2022:
76 in totale, con una presenza di quasi 30 partner africani
e un numero sempre crescente di partner italiani, europei
e di altri Paesi, dalla Thailandia agli USA.
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Doctors with Africa CUAMM is the largest Italian NGO
working to improve the health of vulnerable communities

in Sub-Saharan Africa. CUAMM carries out long-term
projects in 8 countries in the region and partners with
universities and research centers in Italy and abroad to raise
awareness about people’s right to health care. CUAMM also
organizes courses on global health for medical students and
health professionals and conducts research with international
partners, convinced that such endeavors are vital to
developing quality international healthcare programs.

Medici con I'Africa Cuamm € la piti grande organizzazione
italiana per la promozione e la tutela della salute delle
popolazioni africane. Medici con I'Africa Cuamm realizza
progetti a lungo termine in 8 paesi dell Africa Sub-sahariana
e collabora con universita e centri di ricerca in Italia e in
Europa. Organizza inoltre corsi di Salute Globale per studenti
di Medicina e professionisti sanitari e lavora con partner
internazionali a progetti di ricerca, nella convinzione

che questi sforzi siano necessari per lo sviluppo di programmi
sanitari internazionali di qualita.

Doctors with Africa CUAMM
currently operates

in Angola, Central African
Republic, Ethiopia,
Mozambique, Sierra Leone,
South Sudan, Tanzania

and Uganda. / Medici con
I'’Africa Cuamm attualmente
lavora in Angola, Etiopia,
Mozambico, Repubblica
Centrafricana, Sierra Leone,
Sud Sudan, Tanzania e
Uganda attraverso:

23

hospitals / ospedali

95

districts (for public health
activities, mother-child care,
the fight against HIV/AIDS,
tuberculosis and malaria,
training) / distretti (iniziative per
la salute pubblica, assistenza

e cure per la salute materna e
infantile, lotta contro I'HIV/AID,
la tubercolosi e la malaria)

4

nursing schools / scuole
per infermieri e ostetriche

1

university (Mozambique) /
universita (Mozambico)

4,581
health workers, including /

collaboratori sanitari,
che includono:

500

from Europe and abroad /
europei e internazionali
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Operational
research in 2022
Ricerca operativa
nel 2022

31 research articles published in international journals
on topics ranging from newborn health and infectious
diseases to drug resistance and the mental health of
youth and other particularly vulnerable individuals.
CUAMM's operational research in 2022 testified to
our chosen methodological approach: to conduct
studies based on, and in parallel with, our interventions
on the ground in order to enhance the quality and
effectiveness of the latter.

This year we were pleased to partner with 234
researchers from 76 research centers in Italy, Africa
and elsewhere around the world, together producing
fresh know-how and devising new programs to be
implemented in low-resource settings.

31 ricerche pubblicate su riviste internazionali:

dalla ricerca sulla salute neonatale a quella sulle

malattie infettive e sulla farmaco-resistenza fino
all'approfondimento di alcuni temi pit delicati, come la
salute mentale e il suo impatto sui pit giovani e sui fragili.
Nel 2022 |a ricerca operativa Cuamm é entrata nei

temi di lavoro sul campo, dimostrando I'approccio
metodologico che intendiamo perseguire: una ricerca che
siintegra all’intervento per garantire qualita. Abbiamo
lavorato a fianco di 76 centri di ricerca italiani, africani e
internazionali, coinvolgendo 234 ricercatori e ricercatrici
che hanno collaborato per costruire nuova conoscenza e
sviluppare progetti in Paesi con risorse limitate.

0

Maternal
and child health
Salute materna
e infantile

Infectious and
tropical diseases
Malattie infettive
e tropicali

Public health and
universal coverage
Copertura sanitaria
universale ed equita

Nutrition
Nutrizione

8¢

Chronic diseases
Malattie croniche
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OUR RESEARCH PARTNERS

The 76 research centers, universities and other organizations — in Africa, Europe (including Italy), and other countries
around the world — with which Doctors with Africa CUAMM partnered on research 2022.
I 76 centridi ricerca, universita e organizzazioni con cui Medici con I'’Africa CUAMM ha collaborato per produrre la ricerca
nel 2022.

AFRICA

1.

10.
11.

12.
13.

14.

15.

16.

17.
18.

19.

20.

St. John of the Cross,
Tosamaganga Council Designated
Hospital, Tanzania

St. Kizito Hospital, Matany, Uganda
Songambele Hospital, Simiyu,
Tanzania

African Population and Health
Research Center, Nairobi, Kenya
Faculty of Medicine, Ministry

of Health, Eduardo Mondlane
University, Maputo, Mozambique
Mozambican Diabetes Association
(AMODIA), Maputo, Mozambique
National Directory of Public Health,
Ministry of Health of Angola,
Luanda, Angola

UNICEF Mozambique, Maputo,
Mozambique

St. Luke Catholic Hospital

& College of Nursing and
Midwifery, Wolisso, Ethiopia
Tosamaganga Hospital,

Iringa, Tanzania

Centre Hospitalier Universitaire
Pédiatrique de Bangui (CHUPB),
Bangui, Central African Republic
Institut Pasteur de Bangui, Bangui,
Central African Republic

Faculté des Sciences de la Santé
(FACSS), Université de Bangui,
Bangui, Central African Republic
College of Health and Medical
Sciences, Haramaya University,
Dire Dawa, Ethiopia

Ministry of Health and Sanitation,
Sierra Leone

The National Emergency Medical
Service - NEMS, Ministry of Health
and Sanitation, Freetown,

Sierra Leone

Ministry of Health of Angola,
Luanda, Angola

Department of Behavioural
Sciences, Muhimbili University

of Health and Allied Sciences,

Dar es Salaam, Tanzania

Ministry of Health Community
Development Gender Elderly

and Children, Dar es Salaam,
Tanzania

Muhimbili University of Health
and Allied Sciences, Department
of Epidemiology and Biostatistics,
Dar es Salaam, Tanzania

21.

22.

St. John's XXIIl Hospital Aber,
Jaber, Uganda

African Network for Change,
Kampala, Uganda

. Missionary Catholic Hospital

of Chiulo, Ombadja Municipality,
Techiulo, Angola

Ngokolo Health Centre, Catholic
Diocese of Shinyanga, Tanzania
Bugisi Health Centre, Catholic
Diocese of Shinyanga, Tanzania
Disease Prevention and Control
Directorate, Federal Ministry

of Health, Addis Ababa, Ethiopia

. Université du Kwango - UNIK,

Kenge, Democratic Republic
of the Congo

ITALY

—

10.

11.

University of Padua

Mabix srl

Department of Woman's and
Children’s Health, University of
Padua

Department of Medicine,
Diabetology Service, ULSS 2
Marca Trevigiana, Treviso
Department of Medicine,
University of Padua

Department of Biomedical
Sciences and Human Oncology,
Clinic of Infectious Diseases,
University of Bari

Association “Amici Per

Il Centrafrica ODV",

Limido Comasco (Como)
Department of Translational
Research and New Technologies
in Medicine and Surgery,
University of Pisa

Management and Healthcare
Laboratory, Institute

of Management and Department
EMbeDS, Sant’Anna School

of Advanced Studies, Pisa

School of Advanced International
Studies (SAIS) Europe, Bologna
Institute for Policy Research (BIPR),
Johns Hopkins University, Bologna
CRIMEDIM - Center for Research
and Training in Disaster Medicine,
Humanitarian Aid, and Global
Health, University of Piemonte
Orientale, Novara

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.
24.
25.
26.

27.

28.

29.
30.

Department of Surgical Sciences
and Integrated Diagnostics, San
Martino Policlinico Hospital IRCCS
for Oncology, University of Genoa
Department of Intensive Care,
University of Milan Bicocca, Monza
Department of Specialistic
Surgery, Ophthalmology Service,
ULSS 2, Treviso

National Center for Global Health,
National Institute of Health (ISS),
Rome

Clinic of Infectious Diseases,
University Hospital, University

of Bari

FISSPA Department, University

of Padua

Clinic of Infectious Diseases,
Catholic University of the Sacred
Heart, Rome

Department of Infectious Diseases,
National Institute of Health (ISS),
Rome

Department Woman and Child
Health Sciences, Catholic
University of the Sacred Heart,
Rome

Fondazione Policlinico
Universitario “A. Gemelli” IRCCS,
Laboratory and infectious diseases
sciences, Rome

Department of Translational
Medicine, University of Piemonte
Orientale, Novara

Disaster Medicine Service 118,
ASL CN1, Levaldigi (Cuneo)
Department of Diagnostics and
Public Health, University of Verona
St John and Paul Hospital,
Department of Child Health, Venice
Department of Clinical and
Biological Sciences, San Luigi
Gonzaga Hospital, University

of Turin, Orbassano (Turin)
Department of Internal Medicine
and Geriatrics, Geriatric Unit,
University of Palermo

National Institute for Infectious
Diseases Lazzaro Spallanzani -
IRCCS, Rome

University of Bologna

Meyer Children’s University
Hospital, Florence
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EUROPE !

1. European Parliamentary Research 8.

Services, European Parliament,
Brussels, Belgium
2. Department of HIV Medicine,

Chelsea and Westminster 9.

Hospital NHS Foundation Trust,
London, United Kingdom

3. Department of Intensive Care,
Amsterdam University Medical
Centers, Academic Medical Center,
Amsterdam, The Netherlands

4. Pulmonary Engineering Group, 10.

Department of Anaesthesiology
and Intensive Care Medicine,
University Hospital Carl Gustav

Carus and Technical University 11.

Dresden, Germany
5. Anaesthesia and Intensive Care
Medicine, School of Medicine,

National University of Ireland, 12.

and Galway University Hospitals
Ireland, Galway, Ireland
6. Department of Global Health,

Amsterdam Institute for Global 13.

Health and Development,
University of Amsterdam,
The Netherlands

Field research

ISGlobal - Barcelona Institute

for Global Health, Hospital Clinic,
University of Barcelona, Spain
Department of Global Health

and Development London School
of Health and Tropical Medicine,
London, United Kingdom
Department of Microbiology,
Immunology and Transplantation,
Clinical and Epidemiological
Virology, Institute for the Future,
Rega Institute for Medical
Research, KU Leuven, Leuven,
Belgium

Department of Public Health

and Primary Care, Academic
Centre for Nursing and Midwifery,
KU Leuven, Leuven, Belgium
Faculty of Economics

and Business, Access To Medicine
Research Center, KU Leuven,
Belgium

Department of Earth

and Environmental Sciences,
Division of Bioeconomics,

KU Leuven, Belgium

Research Group on Emergency
and Disaster Medicine, Vrije
Universiteit Brussels, Belgium

14.

15.

Centre for Health, Performance,
and Wellbeing, Anglia Ruskin
University, Cambridge, United
Kingdom

Chelsea and Westminster Hospital
NHS Foundation Trust, London,
United Kingdom

OTHER COUNTRIES

1.

School of Public Health

and Preventive Medicine,

Monash University, Australia
Department of Critical Care
Medicine, Hospital das Clinicas
HCFMUSP, Faculdade de Medicina,
Universidade de S&o Paulo,

Sé&o Paulo, Brazil

Mahidol-Oxford Tropical Medicine
Research Unit, Faculty of Tropical
Medicine, Mahidol University,
Bangkok, Thailand

Tufts University School

of Medicine, Boston, USA

Research partners
partner di ricerca

76

Europe
Europa

Other countries
altri paesi

Italy
Italia

Africa
Africa

27
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Abstract: Background: Deviations from normothermia affect early mortality and morbidity, but the
impact on neurodevelopment of the survivors is unclear. We aimed to investigate the relationship
between neonatal temperature at admission and the risk of cerebral palsy (CP) at one month of
age in a low-resource setting. Methods: This retrospective study included all inborn neonates
admitted to the Special Care Unit of Tosamaganga Hospital (Tanzania) between 1 January 2019 and
31 December 2020. The neurological examination at one month of age was performed using the
Hammersmith method. The relationship between the admission temperature and the risk of CP
was investigated using logistic regression models, with temperature modeled as the non-linear term.
Results: High/moderate risk of CP was found in 40/119 (33.6%) of the neonates at one month of
age. A non-linear relationship between the admission temperature and moderate/high risk of CP
at one month of age was found. The lowest probability of moderate/high risk of CP was estimated
at admission temperatures of between 35 and 36 °C, with increasing probability when departing
from such temperatures. Conclusions: In a low-resource setting, we found a U-shaped relationship
between the admission temperature and the risk of CP at one month of life. Expanding the analysis
of the follow-up data to 12-24 months of age would be desirable in order to confirm and strengthen
such findings.

Keywords: birth; temperature; hypothermia; cerebral palsy; low-resource setting; neonate;
neurological outcome

1. Introduction

About 2.4 million neonates still die every year globally, with a greater risk in their
first day of life [1]. As neonatal temperature early after birth seems to play a crucial
role, the World Health Organization (WHO) guidelines focused on thermal control since
1993, in order to support health care providers in thermal management and prevention
of thermal loss [2]. Deviations from normothermia have been demonstrated to be im-
portant contributors to neonatal morbidity and mortality in both high- and low-resource
settings [3,4]. Thermal control at birth is a critical challenge in low-resource settings, where
proper thermal care is often inadequate and thermal stability is underestimated in man-
agement protocols [5-8]. Despite WHO recommendations, deviations from normothermia
remain a public health issue in low-resource settings, where it is often under-recognized,
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under-documented, and poorly managed [8,9]. Beyond early mortality and morbidity, it is
reasonable to suspect that deviations from normothermia may also impact the neurode-
velopment of survivors [10]. Cerebral palsy (CP) is the most frequent physical disability
in children, with decreasing prevalence in high-income countries and uncertain rates
in low/middle-income countries [11]. Although the diagnosis of CP usually occurs at
12-24 months of age, it can be made before six months of age [11]. This is desirable given
the therapeutic opportunities during the period of greatest brain development and neuro-
plasticity, but effective implementation is hampered by inadequate diagnostic equipment in
low-income countries. In such settings, alternative diagnostic tools can provide affordable
and reliable assessment of neurological damage [11]. This study aimed to investigate the
relationship between neonatal temperature at admission and risk of CP at one month
of age in a low-resource setting. Furthermore, the relationship between the admission
temperature and mortality was also investigated in order to strengthen the considerations
of the findings.

2. Materials and Methods
2.1. Study Design and Setting

This is a retrospective study on the relationship between neonatal temperature at
admission and risk of CP at 1 month of age. The study was performed at the Special Care
Unit (SCU) of Tosamaganga Hospital, which is a district designated hospital situated in the
district of Iringa, Tanzania. This is a referral facility for a geographical area that covers about
260,000 people for major obstetric emergencies and has also a SCU offering basic intensive
care, such as intravenous therapies, phototherapy, and oxygen supplementation without
non-invasive respiratory support and mechanical ventilation. About 3000 deliveries and
500 admissions to the SCU occur every year at Tosamaganga Hospital. Moreover, since
January 2019, a neonatal follow-up clinic has been available to check clinic well-being,
growth, and neurological development for all babies discharged from the SCU during their
first year of life.

2.2. Patients

All neonates admitted to the SCU of Tosamaganga Hospital between 1 January 2019
and 31 December 2020 were evaluated for inclusion in this study. Exclusion criteria were
(i) outborn neonates, (ii) being admitted to the SCU after the first day of life, and (iii) missing
data about body temperature at admission.

2.3. Data Collection

Due to the retrospective design, relevant information was collected in an anonymized
dataset from hospital charts. When a baby was admitted to the SCU, the attending nurse
measured the axillary temperature with a digital thermometer (C202; Terumo, Tokyo,
Japan), and replicated the measurement if the temperature was <35 °C or >39 °C. Ac-
cording to WHO indications, temperatures in the 36.5-37.5°C range were classified as
normothermia, >37.5 °C as hyperthermia, 36-36.4 °C as mild hypothermia, and <36 °C as
severe/moderate hypothermia [12]. Admission diagnosis was made according to clinical
assessment due to limited availability of laboratory and instrumental exams. Birth asphyxia
was defined as 5-min Apgar Score of < 7. Respiratory distress was diagnosed in presence of
signs of increased work of breathing (measured by the Silverman Anderson Score) and/or
hypoxemia with need for oxygen supplementation. Early- or late-onset sepsis was diag-
nosed in presence of clinical signs (i.e., fever, hypotonia, irritability) within or after the first
7 days of life. Hypoglycemia was defined as blood glucose of < 2.6 mmol/L at any time.
Jaundice was diagnosed according to the Kramer’s rule [13]. Weight loss was defined as
body weight loss of >10%. Skin infection included abscess and omphalitis.

Papers



p.23

Doctors with Africa CUAMM Field research

Children 2022, 9, 352

30f9

Maternal
and child health

2.4. Neurological Examination

The neonatal follow-up program at Tosamaganga Hospital is scheduled at one, three,
six, nine, and twelve months of corrected age for preterm infants and chronologic age for
term infants. In this study, we chose to focus on the follow-up at 1 month of age, due to the
high rate of lost to follow-up at later ages. As in many low-resource settings, the SCU lacked
expensive diagnostic equipment (such as magnetic resonance imaging) and personnel
trained in neurological examination. Hence, we identified affordable and reliable tools for
neurological assessment, which were not time consuming or requiring specialized doctors.
The neurological examination was performed using the standardized criteria provided
by the Hammersmith method. We applied the Hammersmith Neonatal Neurological
Examination (HNNE) by Spittle et al. [14], who used optimality scores between 10th-90th
centile to define low risk, scores between 5th—10th, or 90th-95th, to define medium risk,
and scores below 5th, or above 95th, to define high risk. Posters with images of neurological
items by age were created and made available in the room where the examinations took
place. The neurological examination was performed by healthcare providers with 6 month
of on-the-job training (CG and LB) and each infant was classified at low risk, medium risk,
or high risk of CP, as reported in Table 1 [14].

Table 1. Classification of risk of cerebral palsy according to the Hammersmith Neonatal Neurological
Examination (HNNE).

Risk HNNE
Low risk 27-33
Medium risk 25.4-26.9 or 33.1-33.5
High risk <25.4 or >33.5

2.5. Statistical Analysis

Continuous data were summarized as median and interquartile range (IQR), and cate-
gorical data as number and percentage. The relationships between admission temperature
and (i) mortality and (ii) risk of CP were investigated with logistic regression models where
temperature was modeled with first-, second-, and third-order polynomials, and with
restricted cubic splines. Furthermore, multivariable logistic regressions were applied to
assess the effect of admission temperature on mortality (adjusting for birth weight, Apgar
score at 5 min, major malformations, and meconium-stained amniotic fluid) and risk of
CP (adjusting for birth weight and Apgar score at 5 min). The adjusting variables were
chosen among the clinically relevant variables and according to the number of neonates
with the event, while gestational age could not be included because it was largely missing.
All tests were two-sided and a p-value less than 0.05 was considered statistically significant.
Statistical analysis was performed using R 4.1 (R Foundation for Statistical Computing,
Vienna, Austria) [15].

3. Results

A total of 906 newborns were admitted to the SCU of Tosamaganga Hospital between
1 January 2019 and 31 December 2020. Of them, 450 were excluded from the analysis
because they were outborn (1 = 259) or were admitted after their day of birth (n = 191). A
further three infants were excluded due to missing temperature data at admission (Figure 1).
The remaining 453 newborns were included in this analysis and their characteristics are
reported in Table 2. Information on the gestational age was largely missing (420/459,
91.5%). The median temperature at admission was 35.4 °C (IQR 34.7-36.1 °C; min 30.6 °C,
max 37.5 °C). Severe/moderate hypothermia was reported in 316 of the neonates (69.7%),
mild hypothermia in 66 (14.6%), normal temperature in 71 (15.7%), and no infants with
a temperature higher than 37.5 °C were observed. The treatments included antibiotics
(301 neonates, 66.4%), anticonvulsant (48 neonates, 10.6%), and aminophylline/caffeine
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(78 neonates, 17.2%). Oxygen therapy was administered to 399 neonates (88.1%) for a
median of two days (IQR 1-5). IV fluids were administered to 323 neonates (71.3%) for a
median of five days (IQR 3-8). Phototherapy was offered to 67 neonates (14.8%).

Neonates admitted to the SCU between
15t Jan 2019 and 31st Dec 2020
(n = 506)

- Cutboen (n = 259)

+
Inbom (n = 647)
Admitted 10 the SCU at the
= Second day of Me or later
t (n=191)
Admitied to the SCU at the first day of Iife
(n = 4%6)
Temperature at acmission Nt
| 1 avalable (n = 3)
Analyzed for mortality (n = 453)

- Died (n = 58)

.
Discharged or transferred (n = 395)

Dic not retuen at 1 month
follow-up visit (n = 276)

'
Returned at 1 month follow-up viset (n = 119)

*

Analyzed for risk of cerebral palsy (n = 119)

Figure 1. Flowchart of patient selection for analysis of mortality and risk of cerebral palsy among
inborn neonates who were admitted on their day of birth to the Special Care Unit of Tosamaganga
Hospital between 1 January 2019 and 31 December 2020.

Table 2. Characteristics of inborn neonates who were admitted on their day of birth to the Special
Care Unit of Tosamaganga Hospital between 1 January 2019 and 31 December 2020 and those who
attended the 1-month follow-up.

Admitted Neonates (1 = 453)

Newborns at 1 Month Follow-Up (n = 119)

Males 237 (52.3) 65 (54.6)

Birth weight, grams 2 2750 (1940-3180) 2610 (1795-3055)
Birth weight:

Normal birth weight (>2500 g) 269 (59.4) 62 (52.1)

Low birth weight (1500-2499 g) 130 (28.7) 43 (36.1)

Very low birth weight (1000-1499 g) 42 (9.3) 14 (11.8)
Extremely low birth weight (<1000 g) 12 (2.6) 0(0.0)

Temperature at admission, °C @ 35.4 (34.7-36.1) 35.4 (24.8-35.9)

Temperature at admission:

36.5-37.5°C 71 (15.7) 16 (13.5)
36-36.5°C 66 (14.6) 13 (10.9)

<36 °C 316 (69.7) 90 (75.6)
HIV-positive mother 35/450 (7.8) 13/118 (11.0)
Maternal VDRL P 7/438 (1.6) 1/117 (0.9)
Apgar score at 1 min @ 5(3-7) 5(2-8)
Apgar score at 5 min ? 7 (5-10) 8 (5-10)
PROM © 86 (19.0) 22 (18.5)
Meconium-stained amniotic fluid 133 (29.4) 34 (28.6)
Maternal fever 12 (2.6) 2(1.7)
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Table 2. Cont.

Admitted Neonates (n = 453) Newborns at 1 Month Follow-Up (n = 119)

Dexamethasone:

None 414 (91.4) 99 (84.2)
Complete cycle (24 mg) 26 (5.7) 14 (11.8)
Incomplete cycle (12 mg) 13 (2.9) 6 (5.0)
Mode of delivery

Spontaneous vaginal delivery 221 (48.8) 63 (52.9)
Assisted vaginal delivery 42 (9.3) 11 (9.3)
Caesarean section 190 (41.9) 45 (37.8)
Twin pregnancy 61/452 (13.5) 24 (20.2)
Birth asphyxia 171 (37.7) 49 (41.2)
Respiratory distress 308 (68.0) 83 (69.7)
Early-onset sepsis 22 (4.9) 6 (5.0)
Late-onset sepsis 18 (4.0) 5(4.2)
Hypoglycemia 20/428 (4.7) 7/114 (6.1)
Jaundice 85 (18.8) 29 (24.4)
Weight loss 10 (2.2) 2(1.7)
Skin infection 14 (3.1) 8(6.7)
Major malformations or 19 (4.2) 2(1.7)

chromosomopathies ¢

Maternal
and child health

Data were summarized as 1 (%) or ® median (IQR). Definitions are provided in Methods section. HIV: human
immunodeficiency virus. PROM: prolonged rupture of membranes. VDRL: venereal disease research laboratory
test. P VDRL was treated in 5/7 mothers. ¢ PROM prophylaxis in 18/88 mothers. ¢ Major malformations included
cardiac heart disease (1 = 9), club feet (1 = 3), conjoined sibling (1 = 2), cranial malformation (1 = 1), Down
syndrome (1 = 1), myelomeningocele and encephalocele (1 = 1), imperforate anus (n = 1), arthrogryposis (1 = 1)
and hypospadias (1 = 1).

After a median length of stay of six days (IQR 4-11), 58 neonates died (12.8%) while 390
were discharged (86.1%) and five were transferred to other health facilities (1.1%). The anal-
ysis suggested modelling the relationship between mortality and admission temperature
with first-order polynomial (p < 0.0001), showing the highest mortality risk for decreasing
temperature (Figure 2). At the multivariable analysis, temperature at admission was not
an independent predictor of mortality (p = 0.46), adjusting for birth weight (p < 0.0001),
Apgar score at 5 min (p = 0.0008), major malformations (p < 0.0001), and meconium-stained
amniotic fluid (p = 0.56).

Overall, 119 out of 395 neonates (30.1%) returned at the follow-up visit at one month
of age. The neurodevelopmental assessment suggested low risk of CP in 79 neonates
(66.4%), moderate risk in 31 (26.0%), and high risk in nine (7.6%). The analysis suggested
modelling the relationship between high/moderate risk of CP at one month of age and
the admission temperature with second-order polynomial (p = 0.04), showing the lowest
probability between 35-36 °C and increasing probability when departing from the 35-36 °C
range (Figure 3). At the multivariable analysis, the temperature at admission was still
associated with risk of CP (p = 0.04), adjusting for birth weight (p = 0.002) and Apgar score
at 5 min (p = 0.18).
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Figure 2. Estimated mortality rate according to neonatal temperature at admission as modeled with
first-order polynomial. Shaded areas represent bootstrap 95% confidence intervals.

Figure 3. Estimated proportion of high/moderate risk of cerebral palsy at 1 month of age. Shaded
areas represent bootstrap 95% confidence intervals.

4. Discussion

Our findings showed a small proportion of neonatal normothermia in a low-resource
setting and a non-linear relationship between the admission temperature and the risk of
CP at one month of life. To our knowledge, this is the first study to explore the variation in
the risk of CP across a wide range of admission temperatures and to suggest a non-linear
relationship between the admission temperature and the risk of CP in a low-resource
setting. Our results extend previous reports on a U-shaped relationship between admission
temperature and neonatal morbidity and mortality in high- and low-resource settings [3,4],
suggesting a U-shaped relationship between the admission temperature and the risk of
CP in survivors at one month of life. The study also has some limitations that should be
considered by the reader. First, the retrospective design does not allow us to draw any
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causal relationships. Second, the compliance to follow-up visits was partial, hence limiting
the representativeness of the findings for the original sample of the discharged neonates.
Third, the short duration of the follow-up assessment only allows speculations about the
clinical confirmation of the long-term neurological status. Finally, we applied the HNNE by
Spittle et al. [14], hence we estimated the category of gestational age (moderate preterm in-
fants, late preterm infants, term infants) by using the relationship between 50t percentile of
birthweight and gestational age. Literature offers heterogeneous information about neona-
tal temperature at admission and neurological outcome. Previous studies mainly focused
on hypothermia and intraventricular hemorrhage (IVH)—as high-grade IVH is an impor-
tant cause of severe cognitive and motor neurologic impairment—in very preterm infants,
and reported conflicting results. Laptook et al. [16], Wilson et al. [17], Chang et al. [18],
and Ng’eny et al. [19] did not find any significant associations between admission tem-
perature and severe IVH in very preterm infants in the United States, Europe, Taiwan,
and South Africa. Of note, Chang et al. did not find any associations also with two-year
neurodevelopmental impairment [18]. On the other hand, Miller et al. [20] and Yu et al. [21]
reported an increased risk of IVH in hypothermic very preterm infants in the United States
and China. In addition, Lyu et al. [3] showed a U-shaped relationship between admission
temperature and severe neurological damage (IVH or periventricular leukomalacia) in very
preterm infants in Canada. Our data suggest a similar U-shaped relationship between the
admission temperature and moderate/high risk of CP during early follow-up. The lowest
probability of moderate/high risk of CP was estimated at the admission temperature of
between 35-36 °C, with increasing probability when departing from such temperature.
However, the reader should be aware that lower admission temperature was associated
with higher in-hospital mortality risk, but the analysis of risk of CP could be performed in
the subgroup of survivors who returned at the one-month follow-up visit, thus preventing
us from drawing a combined consideration. Overall, our results convey a similar message
about such U-shaped relationship, although there are some differences in terms of the
timing of the assessment (one month vs. before discharge), outcome measure (CP vs. IVH),
population (term + preterm vs. very preterm infants), temperature range (30.6-37.5 °C vs.
32-41 °C), and study setting (low- vs. high-resource). We believe that such aspects may
explain the slight difference in the estimated temperature range with the lowest risk of
adverse neurological outcome (35-36 °C vs. 36.8 °C). In sub-Saharan Africa, the incidence
of postnatal hypothermia is very high, with figures ranging from 32 to 85% [5]. In our
study, we found a large proportion (84.3%) of neonates who were admitted with hypother-
mia, thus highlighting that the prevention of postnatal thermal loss is still an unsolved
major challenge in these settings. In addition, the high proportion of birth asphyxia can
be explained by the patient selection (inborn neonates who were admitted at the first day
of life) and the referral role of the Tosamaganga Hospital. Of note, only one in three of
the discharged neonates returned for the follow-up visits. In low-resource settings, this
situation has been commonly reported in other pediatric situations, such as immunization
or malnutrition [22,23]. Beyond limiting the representativeness of the findings about risk
of CP, this information calls for actions to investigate the reasons for non-adherence to
follow-up visits and to plan adequate interventions in order to overcome the barriers to
adherence [24]. In addition, expanding the analysis of the follow-up data to 12-24 months
of age would be desirable in order to strengthen the findings and confirm the U-shaped
association between the admission temperature and the risk of CP.

5. Conclusions

In a low-resource setting, we found a U-shaped relationship between the admission
temperature and the risk of CP at one month of life. Beyond the study limitations, these
findings add a special alert about the possible association between the admission temper-
ature and the risk of adverse neurological outcomes among newborns in low-resource
settings. As disabilities have a large burden in low-resource settings, enhancing the efforts
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to prevent all of the identified associated conditions, such as deviations from normothermia,
could be desirable.
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Abstract

Background: Acute respiratory infections (ARI) are recognized as an impor-
tant cause of morbidity, mortality, and hospitalization among children in de-
veloping countries. Objectives: To identify the respiratory viruses circulating
in Central African children before the SARS-COV2 pandemic and to assess
the clinical manifestations. Methodology: This is a cross-sectional, descrip-
tive, multicenter study, run from March 1, 2019, to March 31, 2020. Children
aged 28 days to 15 year-old, with respiratory symptoms <10 days had been
included. Nasopharyngeal swabs were taken and sent to the Institute Pasteur
in Bangui (WHO National Referral Center for influenza). Virus research was
done by cell and molecular culture techniques. Data were recorded and pro-
cessed with Access 2019 software, then analyzed with STATA version 14 soft-
ware. Chi-square test and ANOVA test were used to compare proportions at
the p < 0.05 threshold. Results: Out of 659 children included during the study
period, viruses were identified in 231 children, for an overall positivity rate of
35.05% (231/659). Rhinoviruses (RV) and influenza viruses were found in
66.23% and 16.88% respectively. Virus-virus co-infections were found in 10
(10/231) children (4.32%). Children under 5 years of age were more repre-
sented (78.60%). The main reasons for consultation were: fever (96.20%),
cough (95.45%), runny nose (78.5%), and breathing difficulty (30.50%). ILI
(Influenza-Like Illness) was found in 71.02% versus 28.98% of SARI (Severe
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Acute Respiratory Infection). There was a statistically significant association
between age < 5 years and severity of acute respiratory infection (p = 0.001).
The outcome was known for the 122 children at the CHUPB site with a mor-
tality rate of 17.21% (n = 21). Conclusion: Viral ARI is common in children
in Central African Republic. Care givers should think about it in order to re-
duce the inappropriate prescription of antibiotics.

Keywords

Acute Respiratory Infections, Virus, Children, Central African Republic

1. Introduction

Respiratory viruses are ubiquitous and are present in all regions across the 5
continents of the world [1]. Each year, according to the World Health Organiza-
tion (WHO), the influenza epidemic results in 3 to 5 million severe cases and
290,000 to 650,000 deaths worldwide [2]. ARI occurs in all age groups, with a
high prevalence found in the pediatric population [3] [4] [5] [6] [7]. The preva-
lence of viruses in respiratory infections is difficult to estimate because they are
rarely investigated routinely outside of epidemic context. Seroprevalence studies
have shown that 60% - 84% of infants have significant antibodies against com-
mon respiratory viruses at birth (probably from mother). The maternal antibo-
dies level decline to 7% - 25% in children aged 6 months to 1 year. Seropreva-
lence then increases to 30% - 55% in patients between 1 and 2 years of age, sug-
gesting the acquisition of a primary infection. Approximately 38% - 70% of spe-
cimens between 2 and 5 years of age and 75% - 100% for children older than 5
years show serological evidence of exposure to respiratory viruses [1] [8] [9].
The profile of pathogens found depends on the type of respiratory infection, the
age of the child and the epidemiological data of the country [10]. In the Central
African Republic, the incidence of viral respiratory infections in 2014 in children
under 5 years of age was 38.5% [11]. The current study following to the 2014 one
aims to identify epidemiological variations of viruses circulating in children in
the Central African Republic and describe clinical aspects within a period pre-
ceding and coinciding with the SARS-CoV2 pandemic.

2. Methodology

The influenza virus monitoring system is a collaborative partnership between
the Ministry of Health and the Flu national reference laboratory, hosted by
the Institute Pasteur in Bangui. The first sentinel sites were established in
January 2008 in Bangui, the country’s capital, inside the pediatric teaching hos-
pital (CHUPB)—the only tertiary referral hospital for monitoring—and the Saint
Joseph Health Center, which is a private center—run by Catholic missionaries—
providing health care to very low-income populations. In 2010, monitoring was
extended to public facilities of the Ministry of Health at the health district level
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(Pissa health center, Boali health center, Bossembele hospital), which were se-
lected on the basis of their accessibility, for rapid transport of case report forms
and samples to the national influenza referrence laboratory. In early 2019 a pe-
diatric emergency center managed by an independent Italian organization (AMICI
Per Il Centrafrica) was added as the sixth influenza virus monotoring site in the
Central African Republic.

The Institute Pasteur in Bangui—the national influenza referral laboratory—
has an ABI 7500 platform (Applied Biosystems, Foster City, California, USA)
with SuperScript III Platinum One-step Quantitative RT-PCR System (Invitro-
gen, Carlsbad, California, USA) that was used for the assays. In addition to in-
fluenza viruses, this platform detects other viruses leading to respiratory infec-
tions. In addition, the Institute Pasteur in Bangui is responsible for the monitoring
supply management system, providing logistical and material support to the sen-
tinel sites: standardized questionnaires, swabs, viral transport media, coolers and
ice packs.

This study is a cross-sectional and descriptive one. It was conducted jointly on
the six sentinel sites of influenza virus monitoring in the Central African Repub-
lic, from March 1, 2019, to March 31, 2020. After informed consent from their
parents, children aged 28 Days to 15 years-old, presenting with fever greater
than or equal to 38°C with cough and/or other respiratory symptoms with onset
within the past 10 days were included. Incomplete forms and parents’ sampling
rejection were the reasons for non-inclusion in the study.

Regarding the study’s running, the following case definitions guided clini-
cians. “Influenza-like illness was defined as a temperature > 38°C and cough with
onset within the past 10 days. Was considered severe acute respiratory infection
a temperature > 38°C and cough with onset within the past 10 days, that re-
quired hospitalization.” [12]. Following these definitions, the care givers involved
in the monitoring, collected information from the parents or legal guardians of
each child on the standardized questionnaire and on the survey, form including
the nominative demographic characteristics; data from the interview: reasons for
consultation, medical history, evolution of symptoms; data from the physical
examination, paraclinical data after nasal or oropharyngeal swabbing, and the
outcome of the disease (see Appendix). The swab from each case is placed in a
tube with viral transport conditioning and stored at 2°C - 8°C in the sentinel
site laboratory before delivery to the National Influenza Reference Laboratory
within the same week, from Monday to Friday. Workshops were held quarterly
to improve the monitoring system, and supervision of targeted clinical staff.
The National Influenza Reference Laboratory provided weekly reports on the
distribution of samples and the number of confirmed influenza cases to the Min-

istry of Health, sentinel sites, and WHO FluNet
(http://www.who.int/influenza/gisrs laboratory/flunet/en/) [12].

3. Laboratory Procedures

Three aliquots were taken from each sample, two of which (1 ml each) were kept
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at less than 80°C for external quality assessment (Centre for Health Protection,
Department of Health, Hong Kong). The third aliquot of 140 pl was kept at 4°C
for RNA extraction with the QIAmp Viral RNA Mini Kit (QIAagen, Courta-
boeuf, France) according to the manufacturer’s protocol. Influenza virus was de-
tected and subtyped by (RT-PCR) within 72 h of sample receipt [13]. All nega-
tive samples were analyzed by multiplex RT-PCR for the simultaneous detection
of other respiratory viruses. The primers used are listed in Table 1.

Data from completed forms and laboratory results were recorded and processed
by Access 2019 software. The diagnosis of upper or lower ARI was made on the
basis of clinical symptoms for all children seen in consultation and included in

the study. Children with the following clinical signs were classified as having

Table 1. Sense, anti-sense primers and double-labeled probes provided by CDC.

Primers and probes Séquence (5’ > 3’) Concentration
Primer Inf.A sense GAC CRATCCTGT CACCTCTGAC 40 uM
Primer Inf.A anti-sense AGG GCATTY TGG ACA AAK CGT CTA 40 uM
Probes Inf.A TGC AGT CCT CGC TCA CTG GGC ACG 10 uM
Primer A/H1 sense AACTACTACTGG ACT CTR CTK GAA 40 uM
Primer A/H1 anti-sense CCATTG GTG CAT TTG AGK TGA TG 40 uM
Probe A/H1 TGA YCC AAA GCC TCT ACT CAG TGC GAA AGC 10 uM
Primer A/H3 sense AAG CAT TCC YAA TGA CAA ACC 40 uM
Primer A/H3 anti-sense ATT GCR CCR AAT ATG CCT CTA GT 40 uM
Probe A/H3 CAG GAT CAC ATA TGG GSC CTG TCC CAG 10 uM
Primer SW A/H1 sense GTG CTA TAA ACA CCA GCCTYCCA 40 uM
Amorce SW A/H1 anti-sens CGG GAT ATT CCT TAA TCC TGT RGC 40 uM
Probe SW A/H1 CA GAATAT ACAT CCRGT CAC AAT TGG ARA A 10 uM
Primer Inf.A/H5a sense TGG AAA GTR TAA RAA ACG GAA CGT 40 uM
Primer Inf.A/H5a anti-sense YGC TAG GGA RCT CGC CACTG 40 uM
Probe Inf.A/H5a TGA CTACCCGCAGTATTC AGA AGA AGC AAG ACT AA 10 uM
Amorce Inf.A/H5b sens GGA ATG YCC CAA ATA TGT GAA ATC AA 40 uM
Amorce Inf.A/H5b anti-sens CCA CTC CCCTGC TCRTTG CT 40 M
Sonde Inf.A/H5b TCA CCATAC CAA CCAT CT ACC ATT CCC TGC CAT 10 uM
Amorce Inf.B sens TCC TCA AYT CACTCT TCG AGC G 40 uM
Amorce Inf.B anti-sens CGG TGC TCT TGA CCA AAT TGG 40 uM
Sonde Inf.B CCA ATT CGA GCA GCT GAA ACT GCG GTG 10 uM
Amorce RnaseP sens AGA TTT GGA CCT GCG AGC G 40 uM
Amorce RnaseP anti-sens GAG CGG CTG TCT CCA CAA GT 40 uM
Sonde RnaseP TTC TGA CCT GAA GGC TCT GCG CG 10 uM
DOI: 10.4236/0jped.2022.122037 335 Open Journal of Pediatrics

Maternal
and child health

Papers



p.35

Doctors with Africa CUAMM

J. C. Gody et al.

Field research

upper ARI: cough, rhinorrhea, nasal obstruction, fever and snoring. All children
with cough, fever, dyspnea, chest pain, focal signs on auscultation and chest ra-
diography were classified as having lower ARL

To estimate age-specific disease prevalence, we categorized children by age: <5
years, 5 to <15 years [14]. Characteristic demographics of all children and posi-
tive cases by age and seasonal trends of circulating viruses were analyzed with
Stata version 12 (StataCorp, Texas, USA). The chi-square test was used to assess
differences in proportions and the ANOVA test to compare mean ages of child-
ren between sentinel sites. A value of P < 0.05 was considered statistically signifi-

cant.

4. Results

A total of 659 children with ARF were included in the study, with 51.14% (n =
337) male and 48.86% (n = 322) female. The sex-ratio of 1.04. The under 5 years
old were more represented 78.60% (n = 518) and 21.40% (n = 141) for the over 5
years old. The majority of samples were taken in rural areas 60.39% (n = 398). In
urban areas, 39.61% (n = 261) were performed. Vaccination status was up to
date in 75.72% of cases (n = 499); according to the Expanded Program of Im-
munization and 2.42% of children (n = 16) had traveled from one city to another
in CAR during the 15 days preceding the symptomatology. The same sympto-
matology was found in the entourage of 7.73% (n = 51) of children. Antibiotic
therapy had been instituted before sampling in 637 children (96.66%). The main
reasons for consultation were: fever in 100.00% of cases (n = 659) with a dura-
tion of <5 days in 63.58% of children (n = 419), cough in 95.45% (n = 629),
runny nose in 78.5% (n = 517) and breathing difficulty in 30.50% (n = 201) (See
Table 2). The rapid malaria test was positive in 362 children (54.93%) (See Ta-
ble 3). According to WHO global influenza standards monitoring ILI was found
in 71.02% of cases (n = 468) versus 28.98% of SARI (Severe Acute Respiratory
Infection) (n = 191). Of all the samples taken during the 13 months, viruses were
identified in 231 children, for an overall positivity rate of 35.05% (231/659).
Rhinoviruses (RV) were found in 66.23% of cases (n = 153), Influenza A and B
viruses in 16.88% (n = 40), Respiratory Syncytial Viruses (RSV) in 9.09% (n =
21), Human Bocaviruses (HBoV) in 4.32% (n = 10), Human Metapneumovirus-
es (HMPV) in 1.73% (n = 4), Adenoviruses (ADV) in 1.29% (n = 3) and Pa-
ra-influenza Viruses (PIV 1-3) in 0.43% (n = 1). Only rhinoviruses were con-
stant throughout the year. The others had a seasonal occurrence (See Figure 1).
Four subtypes of influenza A and B viruses were highlighted among the 33 posi-
tive cases: Hlpdm 16 (48.48%), Victoria 12 (36.36%), H3N2 3 (9.09%) and Ya-
magata 2 (6.06%). Virus-virus co-infections were found in 10 (10/231) children
or 4.32%. It was the association of influenza A and B viruses with Rhinovirus in
6 children (2.49%), Rhinovirus with Coronavirus 229E (HCoV-229E) in 0.43%,
Rhinovirus with Coronavirus HKU1 (HCoV-HKU1) in 0.43%, Rhinovirus with

Adenovirus in 0.43%, and Rhinovirus with Bocavirus in 0.43% (See Figure 2).

DOI: 10.4236/0jped.2022.122037

Maternal
and child health

336 Open Journal of Pediatrics

Papers



p. 36

Doctors with Africa CUAMM Field research

J.C. Gody et al.

The hospitalization rate was 30.50% (n = 202). There was a statistically signifi-
cant association between age < 5 years and severity of acute respiratory infection

(p = 0.001). Rhinovirus was most associated with severity. But the difference was

Table 2. Distribution of children according to sociodemographic and anamnestic criteria.

Characteristics (N = 659)

Number Percentage

Sex

M 337 51.14

F 322 48.86
Age in year

<5 322 48.86

>5 141 21.40
Study year (N = 659)

2019 547 83.00

2020 112 17.00
Immunization status based on EIP

No 160 24.28

Yes 499 75.72
Antibiotherapy before sample

Yes 637 96.66

No 22 3.34
Duration of symptoms (days)

[1-5[ 419 63.58

[5-10] 240 36.42
Travel within 15 last days

Yes 16 2.42

No 643 95.57
Presence of symptoms in surrounding

Yes 51 7.73

No 608 92.26
Temperatures at the time of sampling

Fever 464 70.41

Hyperthermia 170 25.79

Febricula 25 3.79
Suspicion of malaria after physical examination

Yes 443 67.22

No 216 32.77
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Figure 1. Distribution of viruses according to the seasons.

Figure 2. Distribution of children according to co-infections.

Table 3. Distribution of children according to malaria screening results.

Fréquence
Characteristics (N = 659)
Nombre Pourcentage

Rapid test for malaria (RDT) done

Yes 617 93.62

No 42 6.38
Malaria RDT results

Positive 362 54.93

Négative 297 45.07
Thick drop made

No 531 80.57

Yes 128 19.42
Results of the thick drop made

Negative 609 92.41

Positive 50 7.59
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not statistically significant (P > 0.05). The outcome was known for the 122 child-
ren at CHUPB with a mortality rate of 17.21% (n = 21). Among the children
who died, 95.23% (n = 20) were observed when the malaria RDT was positive P
=0.00; OR = 2000 [120 - 8323] (See Table 4).

5. Discussion

5.1. Epidemiological level

Out of 659 samples tested during the study period, at least one respiratory virus
was detected in 231 children (35.05%). This prevalence is similar to that found
by Bobossi ef al (38.5%) in 2014 in similar settings [11]; however, it is higher
than Ghana’s prevalence (25.7%) and lower than Zambia’s one (63%) [5] [15].
The difference between these results, although concerning developing countries
with a tropical climate, would be related to the viral epidemiology from one coun-
try to another, environmental factors, inclusion criteria, duration of the study,
age, socioeconomic level, quality of the sample, diagnostic methods used, and
the panel of viral agents tested [16]. The recent use of molecular biological me-
thods has significantly improved the sensitivity of virus detection in respiratory
infections [17]. The majority virus was rhinovirus (66.23%) followed by influenza

A and B viruses (16.88%). Moreover, rhinovirus was found in all co-infections. The

Table 4. Distribution of viruses according to the severity of ARI by age group.

Characteristics SARI (N, %) ILI (N, %) P OR
Age (year)
<5 (n=190) 74 (38.94) 116 (61.06)
0.01 2.63[1.15 - 6.00]
>5(n=41) 8 (19.51) 33 (80.49)

Main Virus in children < 5 years

Rhinovirus (n = 136) 58 (42.64) 78 (57.36)

Virus grippaux A et B (n = 29) 10 (34.48) 19 (65.52) 041 1.4[0.61-3.26]
Respiratory Syncytial virus (n = 17)  5(29.42)  12(70.58) 0.29 1.7 [0.59 - 5.34]
Other (n = 6) 1(16.66)  5(83.34) 0.20 3.71 [0.42 - 32.68]
Main virus in children > 5 ans

Rhinovirus (n = 22) 5(22.72) 17 (77.28)

Influenza A and B viruses (n = 12)  1(8.33)  11(91.67) 0-29 3.2[0.33-31.53]

Respiratory Syncytial virus (n = 5) 1(20) 4(80) 0.89 1.17[0.1-13.06]

Others (n = 2) 1 (50) 1(50) 0.39 0.29 [0.01 - 5.59]

Evolution

Rapid malaria test Dead Favorable

Positive 20 1

Negative 1 100 0.00 2000 [120 - 8323]
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predominance of Rhinovirus in our study underlines its potential role in acute
respiratory infections in children, and its circulation throughout the year with
epidemic peaks would explain why it is mostly found in co-infection with other
viruses. Viral co-circulation would be a reason for co-infections. Some have
attributed viral co-detection to accidental overlap during seasonal epidemics.
However, more complex mechanisms explain the onset of these co-infections.
Viruses in general trigger an interferon-producing immunological mechanism
that induces an antiviral state in the body [18]. It is possible that RV antagonizes
interferon production, weakening the innate immune system and thereby pro-
moting viral coinfection [18]. The ubiquitous character of rhinoviruses, their
high frequency in communities, their airborne transmission, their mode of con-
tamination by airborne vehicles [19] and their extreme resistance in the envi-
ronment—giving the advantage of a long survival on an inert surface—would
explain their permanent circulation. The absence of vaccination against influen-
za in the Central African Republic could explain the predominant place occu-
pied by influenza viruses in our series [11]. The rate of co-infection in our series
remains low compared to the series of Litwin (7%), Olofsson (10%), Mahonny
(15%) and Daniel (25.5%) [11]. Did our series have few cases of immunodeficien-
cy? We cannot answer this question because we did not investigate. Furthermore,
we noted during the two monitoring analysis periods that coronavirus was already
circulating in CAR in 2014. These are types 229E and HKU1 in 2014 and types
229E (HCoV-229E) and HKU1 (HCoV-HKU]1) in the current round. This find-
ing reinforces the hypothesis that African countries escaped the SARS-cov2 he-
catomb because of the previous circulation of the coronavirus, which established

a state of immunity.

5.2. Clinical and Therapeutic Aspects

The clinical manifestations observed are those known from upper or lower res-
piratory infections. Fever, present in all cases, proves the acute character of the
manifestations in two children out of three. The immunocompromised or not of
the children cannot be discussed here in view of what the fever suggests about
the outcome of the respiratory disease: the frequent cause of immunodeficiency
in the Central African Republic, mainly HIV, was not investigated and the ques-
tioning did not reveal the notion of taking immunosuppressive drugs or any
clinical situation suggestive of immunodeficiency [20]. No virus seems to be spe-
cific for the topographical diagnosis; insofar as viruses with respiratory tropism
initially replicate in the nose and pharynx before colonizing the lower airways
according to a complex pathogenicity including the effects of the environment,
the terrain and monoviral, polyviral or mixed bacterial and viral colonization
[19] [21] [22] [23]. In this respect, respiratory difficulty was encountered in one
child out of three in our analysis and syndromic grouping according to the
WHO global influenza surveillance standards resulted in 71.02% of influenza-

like illness (ILI) versus 28.98% of severe respiratory infection (SARI). Severe
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clinical manifestations are more prevalent in children under 5 years of age. The
susceptibility to viral respiratory infections and the predisposition to severity in
this age group is reported in the literature [16] [22] [24]. The immaturity of the
humoral immune system essential in the defense against respiratory viruses would
be a reason [16] [25]. In addition, some authors believe that viruses such as RSV
and HMPV predispose to clinical severity. In addition, certain co-infections can
make the prognosis pejorative. This is the case of RSV and adenovirus [20] [22].
However, the virus-host relationship is regulated by the immune status of the
patient [20]. Chorazy, went in the same direction by proving that monoviral or
polyviral colonization does not influence the occurrence of severe forms of acute
respiratory infections [23]. Concerning the attenuation of clinical forms, we re-
fer to the recent work of Dee [26] where it is shown that the first colonization of
rhinovirus16 induces the secretion of interferons likely to block the proliferation
of SARS-Cov2. Beyond bacterial and viral co-infections, what role could malaria
play? The comorbidity of malaria and SARS is very poorly documented. In the
present study, the risk of death was very high in children who had a positive
rapid diagnostic test (RDT) for Plasmodium falciparum. Malaria has been iden-
tified as a poor prognostic factor in Congo in children with severe respiratory
infection, increasing the risk of death by 2.98 [27]. However, the lack of preci-
sion of the form of malaria (neurological or other) and the small sample size do
not allow us to generalize the conclusions. The existence of co-infections (mala-
ria-virus) may make it difficult to establish the causal link between the viruses
and the respiratory symptomatology [21]. Severe forms of malaria related to se-
vere anemia, pulmonary oedema and acidosis induce respiratory distress. This
justifies the systematic performance of a malaria RDT which is easily accessible
in the presence of any febrile respiratory difficulty. Moreover, as reported earli-
er, antibiotic therapy is instituted prior to sampling in 96.66% of children before
admission. This is a real challenge in developing countries like the Central Afri-
can Republic. Although immunization programs have changed the microbial
epidemiology of respiratory infections in favor of a viral predominance, the in-
accessibility of viral diagnostic tests and the absence of specific antiviral treat-
ment motivate the clinician to systematically use antibiotics with the risk of re-

sistance [19].

6. Conclusion

This analysis highlighted the virus epidemiological characteristics of children in
the Central African Republic. These are: the permanent circulation of RV and
the presence of influenza viruses. Clinically, children under 5 years of age are the
most affected; the influenza syndrome predominates over severe acute respira-
tory infections with a high risk of death when associated with malaria. The re-
view of the literature revealed the lack of research about co-morbidity with im-
munodeficiency or bacteria, and ultimately the limitations of the choice of an-

ti-infective. In the future, immunization and rapid detection tests for viruses and
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bacteria must be popularized and the community must be made aware of the
harm of self-prescribing antibiotics if we want to protect anti-infective drugs and

reducing the cost of care.
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Appendix

FEVER MONITORING ) T, Last name and First name: ...............coeeiiiiiiiiniiiiiiiiinniiiii e

Reporting criteria: any axillary temperature (corrected) greater than or equal to 38°C

Date of consultation: |__|__|/|__|__| /|__|__|__|_| Center: .......covvvviiiiiiiiiiiiiiee e

Care giver name: |__|__|__|__|__|__|__|__|__|_|__|__| ||

Patient number in the center's registry:|__|__|__|_|_|_|

Sex Malel Female Date of Birth: |__|__|/|__|_|/|__|__|__|_| Age:|__|__|years|_|__|months

Address: | ||| ] Phone: ||| ||| || ||

SUSPICION AND DIAGNOSIS

Axillary temperature (corrected) upon admission: |__|__|,|__| °C Duration since onset of fever: |__|__| days
Cough Suspected RDT done: RDT Result: Positive Negative
Malaria no yes
Thick blood | Thick blood film Result:
film done: Positive Negative
no yes
Flu Syndrome | Case type ILI SARI
Consent request for sampling no yes
Sampling done no yes
Nature of the |Sampling Date
sampling
Nasal swab ||| __| / |__|__| /]| _]_|_|
Throat swab ||__|__| /|__|__| /||| _|_]
Blood N 7 R
Others Signs: ( Check boxes if the sign is present)
Sore throat Nausea Clinical Splenomegaly
anemia
Runny rose Vomiting Asthenia Headache
Oculo-nasal catarrh Diarrhea Myalgia Others.......oovviiviiiiiiiiini
Sub-costal retractions Chills Convulsion
Dyspnea Inability to drink or breastfeed
Risk Factors (Check boxes if the risk factor is present)
Asthma Diabetes Sick cell dis-
ease
Heart disease Malnutrition | Obesity
Travel within the last 15 days no yes if yes, specify location: ................ccceee.
Presence of other people with the same symptomatology surrounding: no yes
Treatment before admission no yes (Check the box if treatment prescribed )
Antibiotics Antimalarias Antihistamines |Antipyretics
Bronchodilators, Others

SARI Diagnosis (Choose one option)

Isolated upper respiratory disease Lower respiratory disease with wheezing Exacerbation of asthma
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Continued

Upper and lower respiratory diseases Bronchiolitis Other.....ccovviviiiiiiiiiinin

ILI Diagnosis (Choose one option)

Yes No
Outcome
Cured(e) Alive dead ifyesdateof death |__|__|/|__|_|/|_|_|_|_|

Number of days of hospitalization: |__|__|

Date of sampling reception: |__|__|/|_|__|/|__|_|_|_| Num of tube: |__|_|_| ||| | ||| |—J—J—]—]—]
Area District Year Case number
BIOLOGIC DIAGNOSIS
Flu viruses: Other viruses:
Yes O NoO Yes O NoO
If, yes, specify types: A O BO If yes, specify:............ooooviiiiiiiiiiii
Sub-types: .......
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Abstract: Background: The poor quality of care received by mothers and neonates in many limited-
resource countries represents a main determinant of newborn mortality. Small and sick hospitalized
newborns are the highest-risk population, and they should be one of the prime beneficiaries of
quality-of-care interventions. This study aimed to evaluate the impact on neonatal mortality of
quality improvement interventions which were implemented at Tosamaganga Council Designated
Hospital, Iringa, Tanzania, between 2016 and 2020. Methods: A retrospective comparison between
pre- and post-intervention periods was performed using the chi-square test and Fisher’s exact test.
Effect sizes were reported as odds ratios with 95% confidence intervals. Results: The analysis included
5742 neonates admitted to the Special Care Unit (2952 in the pre-intervention period and 2790 in
the post-intervention period). A decrease in mortality among infants with birth weight between
1500 and 2499 g (overall: odds ratio 0.49, 95% confidence interval 0.27-0.87; inborn: odds ratio 0.50,
95% confidence interval 0.27-0.93) was found. The analysis of cause-specific mortality showed a
decrease in mortality for asphyxia (odds ratio 0.33, 95% confidence interval 0.12-0.87) among inborn
infants with birth weight between 1500 and 2499 g. Conclusions: A quality improvement intervention
was associated with decreased mortality among infants with birth weight between 1500 and 2499 g.
Further efforts are needed to improve prognosis in very-low-birth-weight infants.

Keywords: neonatal mortality; low birth weight infants; quality improvement; B.A.B.LE.S. Matrix tool

1. Introduction

Poor neonatal outcomes represent a significant global health burden [1], with a large
proportion of neonatal deaths occurring in low-resource settings [2]. Over the years, under-
five-year-old mortality (USM) declined more significantly than neonatal mortality did,
resulting in a larger contribution of neonatal deaths to the U5M rate [3]. The poor quality of
care received by mothers and babies in many limited-resource countries contributes to the
high levels of newborn mortality [4]. Quality improvement (QI) is defined as “better patient
experience and outcomes achieved through changing provider behavior and organization
through using a systematic change methods and strategies” [5] Recent evidence shows
that quality improvement initiatives can reduce the burden of mortality and morbidity for
hospitalized newborns in developing countries [6-8].

The aim of the present study was to evaluate the impact on neonatal mortality of
quality improvement interventions implemented at Tosamaganga Council Designated
Hospital, Iringa, Tanzania, between 2017 and 2020.

Children 2022, 9, 1060. https:/ /doi.org/10.3390/ children9071060
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2. Materials and Methods
2.1. Study Design

This retrospective study compared “pre-intervention” (1 January-31 December 2016)
and “post-intervention” (1 January-31 December 2020) mortality data of newborns admit-
ted to the neonatal Special Care Unit (SCU) of Tosamaganga Hospital, Iringa, Tanzania. The
periods were separated by a 3-year time span (2017-2019) which was needed to implement
the quality improvement bundle.

2.2. Setting

Tosamaganga Hospital is a District Designated Hospital in the District of Iringa (Tan-
zania) and is the referral hospital for major obstetric emergencies for around 260,000 people
living in the area. Every year, around 3000 deliveries and 500 admissions to the SCU
occur at Tosamaganga Hospital. The SCU offers basic intensive care such as intravenous
therapies, phototherapy and oxygen supplementation without non-invasive respiratory
support and mechanical ventilation. Since January 2019, all babies discharged from the SCU
are offered regular follow-up visits (to monitor clinical wellbeing, growth and neurological
development) at the neonatal follow-up clinic during their first year of life.

2.3. Patients

All newborns admitted to the SCU of Tosamaganga Hospital (Iringa, Tanzania) during
the study periods were included.

2.4. Interventions

During 2017-2019, a structured quality improvement process was implemented by
Doctors with Africa CUAMM, an Italian nongovernmental organization operating in the
field of healthcare in developing countries [9]. The interventions focused on improving
infrastructure, equipment, training and use of clinical protocols, with a specific target on
low-birth-weight infants (LBW, <2500 g) and pathologic newborns. Table 1 summarizes the
area of interventions, timing and actions which were implemented during the process.

Table 1. Summary of the quality improvement process which was implemented in 2017-2019 at
Tosamaganga Hospital (Iringa, Tanzania).

Area of Intervention Year Action

A Neonatal ward was constructed near the Maternity Ward, divided into
Infrastructures January 2017 three areas: Neonatal Intensive Care Unit (one room), Neonatal Sub-intensive
Care Unit (one room) and Kangaroo Mother Care Unit (two rooms)
Four oxygen concentrators (increased over the years up to 10),
two phototherapy machines, four infusion pumps and a syringe pump,
a capillary hemoglobin dosing machine and an electric aspirator were
purchased. The staff received training on their use.
Operational protocols were updated and presented to the staff in dedicated
training sessions. Laminated copies of the most commonly used protocols were
Protocols 2017 and 2019 displayed for quick consultation even by on-call staff during night shifts and
holidays. A further update of the ward guidelines was carried out in 2019, in
light of the publication of the first edition of the national neonatal guidelines.
New procedures were introduced: antenatal administration of dexamethasone for lung
maturity and magnesium sulfate for neuroprotection, positioning of an umbilical
Procedures January 2017 venous catheter in newborns weighing <1200 g, administration of paracetamol in
newborns with suspected patent ductus arteriosus, administration of hydrocortisone in
newborns with oxygen dependence and suspected bronchopulmonary dysplasia.
A dedicated nursing team was created, consisting of 5 nurses (increased over the years
up to 8). From February 2017, a Tanzanian doctor started working in Neonatology.

Equipment January 2017

Staff 2017
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Table 1. Cont.

Area of Intervention

Year Action

Training activity

2017-2019

Opver years, the Neonatal Unit and Maternity Ward staff were periodically trained
on partogram use and interpretation, management of a complicated pregnancy
(gestational hypertension, gestational diabetes, prolonged rupture of the membranes);
management of labor and delivery (1st, 2nd, 3rd stage), prolonged rupture of the
membranes, complicated labor and the most common maternal peripartum
complications, neonatal resuscitation, management of common neonatal severe
conditions (sepsis, jaundice, asphyxia, prematurity, respiratory distress syndrome),
essential newborn care and care of low-birth-weight and very-low-birth-weight infants.

Maternal
and child health

2.5. Outcome Measures

The main indicators were derived from the World Health Organization (WHO) B.A.B.
LE.S. Matrix tool (Birth weight group, Age at death, Boxes for an Intervention Evaluation
System) [10], which is described in paragraph 2.7. The primary outcome measures included
deaths/live births before discharge <1499 g (B.A.B.LE.S. Matrix Cell 3), deaths/live births
before discharge 15002499 g (B.A.B.L.E.S. Matrix Cell 7), and deaths/live births before
discharge >2500 g (B.A.B.LE.S. Matrix Cell 11). The secondary outcome measures included
the mortality rates from asphyxia, infection and prematurity, according to the main causes
of death (as defined by the tool for cells 3, 7 and 11).

2.6. Data Collection

All data were retrospectively and anonymously collected from hospital charts by a
researcher who was not involved in clinical activity. The researcher was not masked to the
intervention period. Retrieved data did not contain any information that might be used to
identify individual patients.

2.7. Definitions

The B.A.B.LE.S. Matrix tool works by segregating, organizing, analyzing and trans-
forming data regarding fetal and neonatal deaths. Through stratification of data by weight
and by moment of death, the tool guides identifications of the main problems related
to pregnancy, labor, delivery and postnatal management, suggesting the causes and the
appropriate interventions needed to reduce neonatal mortality (Figure 1). The stratification
works on three birth weight categories (<1499, 1500-2499 and >2500 g) and on four time
categories (during pregnancy: from 28 weeks of gestational age to the beginning of labor;
during labor: from the beginning of labor to delivery time; pre-discharge: from delivery
time to discharge time; post-discharge: from discharge to 28 days of life).

Figure 1. World Health Organization B.A.B.I.E.S. Matrix tool, modified from Joy Lawn et al. [10].

Papers



p.51

Doctors with Africa CUAMM

Children 2022, 9, 1060

Field research

40f8

To identify the cause-specific mortality, the criteria reported by Mmbaga et al. [11] were
used: (a) Birth asphyxia: birth asphyxia with weight >1000 g or gestational age >27 weeks;
birth asphyxia and prematurity with gestational age >33 weeks and birth weight >2500 g
or birth weight >1800 g if gestational age is unknown; neonatal encephalopathy with
5-min Apgar lower than 7; (b) Prematurity: prematurity; prematurity and asphyxia with
gestational age <33 weeks and birth weight <2500 g or birth weight <1800 g if gestational
age is unknown; respiratory distress syndrome in preterm; necrotizing enterocolitis; birth
asphyxia gestational age <27 weeks or birth weight <1000 g; infection with gestational age
<33 weeks; (c) Infection: neonatal infection; sepsis/septicemia; meningitis; pneumonia;
impetigo neonatorum.

2.8. Statistical Analysis

Categorical data were summarized as frequencies and percentages. Comparisons
between pre- and post-intervention periods were performed using the chi-square test
and Fisher’s exact test. Effect sizes were reported as odds ratios with 95% confidence
intervals for each outcome measure. All tests were 2-sided, and a p-value less than 0.05
was considered statistically significant. Adjustment for multiple testing was not performed
due to the exploratory purpose of the study. Statistical analysis was performed using R 4.1
(R Foundation for Statistical Computing, Vienna, Austria) [12].

3. Results

The analysis included 2952 neonates admitted to the SCU in the pre-intervention
period and 2790 neonates admitted to the SCU in the post-intervention period. The charac-
teristics of deliveries and neonates are reported in Table 2. The baseline characteristics were
clinically comparable between the two periods, with small changes in cesarean sections
(36.4% vs. 30.7%, p < 0.0001), inborn neonates (97.9% vs. 96.6%, p < 0.0001) and LBW
neonates (10.4% vs. 13.7%; p < 0.0001).

Table 2. Baseline characteristics of neonates admitted to the SCU in the pre- vs. post-intervention

periods.
Pre-Intervention Post-Intervention Period: p-Value
Period:

Deliveries N =2901 N =2732 -
Mode of delivery: <0.0001
Caesarean section 1056/2901 (36.4%) 840/2732 (30.7%)

Vaginal delivery 1845/2901 (63.6%) 1892/2732 (69.3%)
Twin deliveries 50/2901 (1.7%) 55/2732 (2.0%) 0.48

Neonates N =2952 N =2790

Inborn neonates 2890/2952 (97.9%) 2675/2790 (95.6%) <0.0001
Males 1472/2952 (49.9%) 1370/2790 (49.1%) 0.58
Birth weight: <0.0001
<149 ¢g 24/2952 (0.8%) 63/2790 (2.3%)
15002499 g 282/2952 (9.6%) 318/2790 (11.4%)
>2500 g 2646/2952 (89.6%) 2409/2790 (86.3%)
5-min Apgar score < 7 (only inborn) 121/2890 (4.2%) 109/2675 (4.1%) 0.89

Data were summarized as n/N (%).

A comparison of neonatal mortality between pre- and post-intervention periods is
summarized in Table 3. Overall mortality did not change after the implementation of the
interventions (odds ratio 1.05, 95% confidence interval 0.78 to 1.41). However, there was
a decrease in overall mortality among infants with birth weight between 1500 and 2499 g
(odds ratio 0.49, 95% confidence interval 0.27-0.87) and in inborn neonates of the same
birth weight category (odds ratio 0.50, 95% confidence interval 0.27-0.93).
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Table 3. Comparison of mortality of neonates admitted to the SCU in the pre- vs. post-intervention

periods.
Post vs. Pre
Outcome Measure Pre-I;:irz(e;\tion Post-II)rLtlil;vde.ntion %):llzll;alilast(i): . p-Value
’ ’ (95% Confidence
Interval)
All neonates N = 2952 N = 2790 - -
Overall mortality 87/2952 (2.9%) 92/2790 (3.3%) 1.05(0.78 to 1.41) 0.49
Mortality in BW categories:
<149 g 13/24 (54.2%) 31/63 (49.2%) 0.81 (0.32 to 2.10) 0.86
15002499 g 34/282 (12.1%) 20/318 (6.3%) 0.49 (0.27 to 0.87) 0.02
>2500 g 40/2646 (1.5%) 41/2409 (1.7%) 1.12 (0.72 to 1.75) 0.67
Mortality for prematurity 21/2952 (0.7%) 36/2790 (1.3%) 1.82 (1.03 to 3.29) 0.04
Mortality for asphyxia:
Overall 44/2952 (1.5%) 40/2790 (1.4%) 0.96 (0.62 to 1.47) 0.94
<1499¢g 0/24 (0.0%) 0/63 (0.0%) NA NA
1500-2499 g 15/282 (5.3%) 7/318 (2.2%) 0.40 (0.16 to 1.00) 0.07
>2500 g 29/2646 (1.1%) 33/2409 (1.4%) 1.25 (0.75 to 2.07) 0.45
Mortality for infection:
Overall 12/2952 (0.4%) 6/2790 (0.2%) 0.52 (0.19 to 1.40) 0.29
<149 ¢g 0/24 (0.0%) 0/63 (0.0%) NA NA
15002499 g 5/282 (1.8%) 2/318 (0.6%) 0.35 (0.06 to 1.82) 0.26
>2500 g 7/2646 (0.3%) 4/2409 (0.2%) 0.62 (0.18 to 2.14) 0.55
Inborn neonates N = 2890 N = 2675 - -
Overall mortality 77/2890 (2.7%) 73/2675 (2.7%) 1.02 (0.74 to 1.41) 0.94
Mortality in BW categories:
<1499 g 10/15 (66.7%) 22/30 (73.3%) 1.37 (0.35 to 5.27) 0.90
15002499 g 29/249 (11.6%) 18/287 (6.3%) 0.50 (0.27 to 0.93) 0.04
>2500 g 38/2626 (1.4%) 33/2358 (1.4%) 0.96 (0.60 to 1.54) 0.98
Mortality for prematurity 15/2890 (0.5%) 26/2675 (1.0%) 1.88 (0.99 to 3.55) 0.07
Mortality for asphyxia:
Overall 43/2890 (1.5%) 33/2675 (1.2%) 0.82 (0.52 to 1.30) 0.48
<1499g 0/15 (0.0%) 0/30 (0.0%) NA NA
15002499 g 15/249 (6.0%) 6/287 (2.1%) 0.33 (0.12 t0 0.87) 0.03
>2500 g 28/2626 (1.1%) 27/2358 (1.1%) 1.07 (0.63 to 1.82) 0.90
Mortality for infection:
Overall 10/2890 (0.3%) 5/2675 (0.2%) 0.53 (0.18 to 1.57) 0.38
<149 g 0/15 (0.0%) 0/30 (0.0%) NA NA
15002499 g 4/269 (1.5%) 2/287 (0.7%) 0.46 (0.08 to 2.55) 0.44
>2500 g 6/2626 (0.2%) 3/2358 (0.1%) 0.55(0.13 to 2.22) 0.51
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Table 3. Cont.
Post vs. Pre
Outcome Measure Pre-I;:;'(\)/;fltion POSt-IPI:EI‘;v; ntion ((j;(;?igalg:tci‘(r)l ' p-Value
. . (95% Confidence
Interval)
Outborn neonates N =62 N =115 - -
Overall mortality 10/62 (16.1%) 19/115 (16.5%) 1.02 (0.44 to 2.37) 0.99
Mortality in BW categories:
3/9 (33.3%) 9/33 (27.3%) 0.75 (0.15 to 3.65) 0.69
5/33 (15.2%) 2/31 (6.5%) 0.38 (0.06 to 2.15) 0.42
2/20 (10.0%) 8/51 (15.7%) 1.67 (0.32 to 8.66) 0.71
Mortality for prematurity 6/62(9.7%) 10/115 (8.7%) 0.88 (0.30 to 1.57) 0.99
Mortality for asphyxia:
1/62 (1.6%) 7/115 (6.1%) 3.95 (0.47 to 32.89) 0.26
0/9 (0.0%) 0/33 (0.0%) NA NA
0/33 (0.0%) 1/31 (3.2%) 3.29 (0.12 to 89.97) 0.48
1/20 (5.0%) 6/51 (11.8%) 2.53 (0.28 to 22.49) 0.66
Mortality for infection:
2/62 (3.2%) 1/115 (0.9%) 0.26 (0.02 to 2.96) 0.28
0/9 (0.0%) 0/33 (0.0%) NA NA
1/33 (3.0%) 0/31 (0.0%) 0.34 (0.01 to 8.76) 0.99
1/20 (5.0%) 1/51 (2.0%) 0.38 (0.02 to 6.38) 0.48
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Data were summarized as n/N (%).

The analysis of cause-specific mortality found a decrease in mortality for asphyxia
(odds ratio 0.33, 95% confidence interval 0.12-0.87) among infants with birth weight be-
tween 1500 and 2499 g and an increase in overall mortality for prematurity (odds ratio 1.82,
95% confidence interval 1.03-3.29). No statistically significant differences in mortality were
observed among outborn neonates.

4. Discussion

Recent evidence suggests that an effective implementation of quality improvement in
the care of small and sick newborns is possible in low-resource settings [6-8]. The literature
indicates limitations in staff, equipment and protocols as the main barriers for such imple-
mentation and underlines the opportunity for meso-level and educational interventions [6].
This study reports neonatal mortality outcomes after a quality improvement intervention
in a sub-Saharan setting. According to indications drawn from the literature, our qual-
ity improvement approach involved the use of meso and micro interventions (such as
strengthening the facility’s infrastructure, continuous quality improvement, supervision,
feedback, in-service training, distribution of referencing materials to providers, decision
support and care coordination) and used mortality as the main outcome measure [6]. The
decrease in mortality among infants with birth weight between 1500 and 2499 g supports
the effectiveness of the implementation of specifically targeted interventions and indirectly
underlines the importance of the B.A.B.LLE.S Matrix as a guiding tool for improving quality
of neonatal care. The decrease in mortality for asphyxia among infants with birth weight
between 1500 and 2499 g suggested an improvement in stabilization practices immediately
after birth for low-birth-weight infants. Of note, we found increased overall mortality due
to prematurity, which might likely be due to a bias in the definition of prematurity. As
gestational age is rarely available in low-resource settings, a birth weight <1800 g was used

Papers



p. 54

Doctors with Africa CUAMM Field research

Children 2022, 9, 1060

70f8

Maternal
and child health

to define prematurity [11]. Within this category, there was a larger number of babies with
birth weight <1500 g in 2020 vs. that in 2016. Very-low-birth-weight newborns (<1500 g) are
extremely fragile, and their mortality varies considerably among high-income (12-15%) and
low-middle-income countries (21-43%) [13-15]. Unfortunately, reducing mortality in this
subgroup of newborns requires massive human and economic resources, and the B.A.B.LE.S
Matrix tool suggests interventions on pre-pregnancy health and high-tech neonatal care
that are very difficult to implement in low-resource settings.

The reader should be aware that reducing neonatal mortality may come at the cost of
increased post-discharge morbidity in such vulnerable subjects. A follow-up service for
high-risk newborns is currently active at the study site, but unfortunately, the high dropout
rate makes any assessment difficult.

The present study has some limitations that should be considered by the reader.
First, the retrospective design limited both the availability and quality of data. Second,
the quality improvement was implemented in a sub-Saharan referral hospital, hence the
generalizability of the findings should be limited to similar settings. Third, adjustment for
multiple testing was not performed due to the exploratory purpose of the study, hence we
suggest caution in the interpretation of the results. Finally, we could not discriminate the
specific impact of each component of the bundle.

Future interventions for reducing morbidity and mortality in this setting would focus
on applying new strategies such as the use of devices for non-invasive respiratory support
and improving good practices of infection prevention, nutritional support and maintenance
of normothermia. Hypothermia, hypoglycemia and infections are the main causes of death
in the neonatal period, and their prevention is even more important in very-low-birth-
weight newborns. To this end, it would be necessary to pay even greater attention to the
management of vascular access, parenteral fluids and enteral nutrition. Strengthening
Kangaroo mother care and close monitoring of temperature and blood sugar would also
be essential.

5. Conclusions

A quality improvement process based on meso and micro interventions was associated
with decreased mortality among infants with birth weight between 1500 and 2499 g. Further
efforts are needed to improve prognosis in very-low-birth-weight infants.
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Abstract

maganga Council Designated Hospital, Iringa, Tanzania).

Altman method.

—1.81t0 4.2 weeks).

income countries.

Background: Accurate gestational age (GA) determination allows correct management of high-risk, complicated or
post-date pregnancies and prevention or anticipation of prematurity related complications. Ultrasound measurement
in the first trimester is the gold standard for GA determination. In low- and middle-income countries elevated costs,
lack of skills and poor maternal access to health service limit the availability of prenatal ultrasonography, making it
necessary to use alternative methods. This study compared three methods of GA determination: Last Normal Men-
strual Period recall (LNMP), New Ballard Score (NBS) and New Ballard Score corrected for Birth Weight (NBS + BW)
with the locally available standard (Ultrasound measurement in the third trimester) in a low-resource setting (Tosa-

Methods: All data were retrospectively collected from hospital charts. Comparisons were performed using Bland

Results: The analysis included 70 mother-newborn pairs. Median gestational age was 38 weeks (IQR 37-39) accord-
ing to US. The mean difference between LNMP vs. US was 2.1 weeks (95% agreement limits — 3.5 to 7.7 weeks); NBS
vs. US was 0.2 weeks (95% agreement limits — 3.7 to 4.1 weeks); NBS + BW vs. US was 1.2 weeks (95% agreement limits

Conclusions: In our setting, NBS 4+ BW was the least biased method for GA determination as compared with the
locally available standard. However, wide agreement bands suggested low accuracy for all three alternative methods.
New evidence in the use of second/third trimester ultrasound suggests concentrating efforts and resources in further
validating and implementing the use of late pregnancy biometry for gestational age dating in low and middle-

Keywords: Gestational age, Last menstrual period, Ultrasound, Neonatal examination

Introduction

Accurate determination of gestational age (GA) is of great
importance in clinical practice, allowing correct manage-
ment of high-risk, complicated or post-date pregnancies

*Correspondence: a.pietravalle@cuamm.org

! Doctors with Africa CUAMM, Padua, Italy
Full list of author information is available at the end of the article

B BMC

and prevention or anticipation of prematurity-related
complications [1]. The ultrasound (US) measurement in
the first trimester (up to and including 13 6/7 weeks of
gestation) is considered the gold standard for GA deter-
mination and is followed in accuracy by ultrasound
in second and third trimester [1]. In low- and middle-
income countries, the availability of prenatal ultrasonog-
raphy is limited by elevated costs, lack of skills and poor

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line

to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http:/creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.
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maternal access to health service, making it necessary
to use alternative methods [2]. The Last Normal Men-
strual Period recall (LNMP) and the neonatal physical
and neurological maturity assessments with the New
Ballard Score (NBS), constitute reasonable measure-
ments for gestational age when compared to ultrasound,
and acceptable methods when assessing gestational age
in low-resource settings [3—7]. Compared with first tri-
mester ultrasound, LNMP and NBS have a mean bias of
0.2 and 2.8 days, respectively, with 95% limits of agree-
ment of +26 days [2, 8]. LNMP shows high sensitivity
(84.7%) and specificity (90.5%) for identifying preterm
newborns (<37 weeks) [2], while NBS has moderate sen-
sitivity (64%) but high specificity (95%) [8]. A modified
birthweight-sensitive Ballard method (NBS+BW) seems
to improve, in routine clinical practice, the assessment
of gestational age and correct for errors caused by low
birthweight [9].

This study compared three methods of GA determina-
tion (LNMP, NBS and NBS +BW) with the locally avail-
able standard (US measurement in the third trimester) in
a low-resource setting, under real field conditions. The
purpose was to identify the best method for GA determi-
nation in a low-resource setting.

Materials and methods

Setting

This study was carried out at the St. John of the Cross
Hospital of Tosamaganga (Iringa, Tanzania), the only
Comprehensive Emergency Obstetric and Newborn
Care Center in Iringa Rural District. Designated as refer-
ral hospital of Iringa Rural District Council, it serves an
estimated population of 265 000 inhabitants, handling
approximately 2300 deliveries per year. The hospital has a
total of 165 beds, 48 of which are in the maternity depart-
ment, including 12 obstetrics, 18 in vaginal postpartum
and 18 in CS postpartum. A labour room, a neonatal
resuscitation room and a Neonatal Special Care Unit are
also present [10].

Patients

All the mother-newborn pairs with complete data on
the three different methods of determining GA were
included in the study.

Outcome measures
The agreement in GA estimation between different
methods.

Data collection

All data were retrospectively and anonymously collected
from hospital charts and did not contain any informa-
tion that might be used to identify individual patients.

Field research
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Maternal data included: age, weight, BMI, number of
pregnancies, mode of delivery, GA by LNMP recall, GA
by ultrasound measurement in the third trimester. Neo-
natal data included: sex, birth weight, APGAR score, GA
by NBS and NBS + BW.

Definitions

The GA refers to the duration of time between concep-
tion and delivery. The LNMP recall is the difference
between the first day of the last menstrual period and
the delivery date. A US is defined as of the third tri-
mester when executed at 28 0/7 weeks of gestation and
beyond [1]. Late ultrasound GA determination was per-
formed using the INTERGROWTH-21st project esti-
mation method [11]. The NBS consists in a procedure,
performed postnatally up to 96 h after birth, that asses
physical and neuromuscular maturity of the neonate to
determine its gestational age [12]. NBS+BW refers to
the NBS adjusted considering birth weight in the score
calculation [9].

Comparisons
The US measurement in the third trimester was sepa-
rately compared with LNMP recall, NBS and NBS +BW.

Statistical analysis

The sample size calculation was based on information
from available literature [8]. Assuming a mean difference
of 0 weeks with a standard deviation of 3 weeks, a mini-
mum of 64 subjects were required to have an 80% chance
of detecting, as significant at the 5% level, an agreement
interval of 8 weeks in the Bland-Altman plot. The final
sample size was rounded up to 70 subjects (reaching an
estimated power of 85%). Sample size calculation was
performed using R 4.1 (R Foundation for Statistical Com-
puting, Vienna, Austria) [13].

Categorical variables were summarized as frequency
and percentage. Continuous variables were summarized
as mean and standard deviation (SD) or median and
interquartile range (IQR). The agreement in GA estima-
tion between different methods was assessed using Bland
Altman plot (showing mean difference and 95% agree-
ment limits). The correlation between continuous vari-
ables was assessed using Pearson correlation coefficient.
Inter-rater reliability between the clinicians was evalu-
ated using intra-class correlation coefficient (ICC) in a
subsample of 30 newborns with double assessments. All
tests were two-sided and a p-value less than 0.05 was
considered statistically significant. Statistical analysis was
performed using R 4.1 (R Foundation for Statistical Com-
puting, Vienna, Austria) [13].
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Results
The analysis included 70 mother-newborn pairs. Mater-
nal and neonatal characteristics are reported in Table 1.
Data on GA by LNMP recall, GA by US, GA by NBS
and GA by NBS+BW were available for all newborns
(n=70).

The agreement in GA estimation between LNMP and
US is shown in Fig. 1. Mean difference between LNMP
and US was 2.1 weeks (95% agreement limits — 3.5 to 7.7
weeks). There was a mild correlation between difference
and average GA value (Pearson correlation coefficient
0.36, p=0.002), which suggested an increasing overes-
timation of LNMP over US in late GAs. The difference
between LNMP and US was not associated with mater-
nal age (Pearson correlation coefficient 0.01, p=0.98),
maternal BMI (Pearson correlation coefficient — 0.24,
p=0.11) or number of pregnancies (Pearson correlation
coefficient 0.01, p =0.93).

The agreement in GA estimation between NBS and US
is shown in Fig. 2. Mean difference between NBS and US
was 0.2 weeks (95% agreement limits — 3.7 to 4.1 weeks),
without any correlation between difference and average
value (Pearson correlation coefficient —0.11, p=10.38).

The agreement in GA estimation between NBS+BW
and US is shown in Fig. 3. Mean difference between
NBS+BW and US was 1.2 weeks (95% agreement limits
— 1.8 to 4.2 weeks), without any correlation between dif-
ference and average value (Pearson correlation coefficient
—0.15, p=0.20).

In a subsample of 30 newborns, ICC showed good
inter-rater reliability for NBS score (ICC=0.99), NBS
neuromuscular subscore (ICC=0.96) and NBS physical
subscore (ICC=0.95).

Table 1 Maternal and neonatal characteristics
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Fig. 1 Agreement in GA estimation between LNMP and US: Bland
Altman plot (the average of the two measurements for each sample
is allocated on the x-axis and the difference between the two

measurements on the y-axis)

Discussion

In our low-income setting, the modified NBS
(NBS + BW) was the less biased method for GA deter-
mination as compared to NBS alone and LNMP. In
addition, the good inter-rater reliability of NBS sug-
gested that it could be consistently used by the health
care staff thank to the low subjectivity. On the other
hand, our data indicated low agreement between the
alternative methods (LMNP, NBS, NBS +BW) and the

Mothers and newborns Variable N (%) or median
(interquartile
range)

Mothers (n=70) Age, years * 25 (22-28)

Weight, kg © 64 (59-74)

BMI, kg/m?¢ 28.0(24.2-31.6)
Number of pregnancies * 3(1-3)

Mode of delivery:? 1(1%)

vaginal delivery (assisted) 40 (58%)
caesarean section 28 (41%)
vaginal delivery (spontaneous)

Newborns (n=70) Gestational age according to US, weeks 38(37-39)

Males 40 (57%)

Birth weight, grams

2795 (2702-3345)

Apgar score at 1 min 8(7-8)

Apgar score at 5 min 10 (10-10)

Data not available in 1,14 and <25 subjects
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NBS vs. US
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Fig. 2 Agreement in GA estimation between NBS and US: Bland
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is allocated on the x-axis and the difference between the two
measurements on the y-axis)

NBS+BW vs. US

o 4
(%]
X
Q
Q
2
%)
S .
g ____________ U T T T TSI SIS smE=
® . . . . . .
% . . . . Ll
e P € e e we D
2 o 4 « o o o
z . . .
§ _______________ ITEF T T T T T T T~
2
[
2 1o
[} [
g
o 95% Agreement Limits: 1.8 to 4.2
£
s}

e

I

T T T T T T T T
30 32 34 36 38 40 42 44

Average GA, weeks
Fig. 3 Agreement in GA estimation between NBS +BW and US:
Bland Altman plot (the average of the two measurements for each
sample is allocated on the x-axis and the difference between the two

Field research
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locally available standard (US measurement in the third
trimester).

In low-income countries, the lack of accessible or accu-
rate data on GA is a critical barrier to the correct man-
agement of high-risk pregnancies and preterm births.
The limited availability of prenatal US suggested the
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opportunity of investigating alternative methods of GA
determination in low-resource settings [2—7]. Unfortu-
nately, we found low accuracy for some alternative meth-
ods (LMNP, NBS, NBS +BW) compared with the locally
available standard. Overall, our deviations were in broad
agreement with previous data reported in available litera-
ture [2, 8], thus supporting the unreliability of such alter-
native methods for GA determination. The deviations
of the alternative methods indicated possible underesti-
mation of GA up to 3.7 weeks and overestimation up to
7.7 weeks. As accurate determination of GA is crucial
for prevention and anticipation of prematurity-related
complications, such magnitude implies the impossibility
of discriminating between term and preterm newborns
(and among degrees of prematurity) by the health care
provider. Given such results, a Reviewer suggested the
intriguing idea of combining these methods to improve
accuracy of estimated GA. However, NBS and NBS +BW
could not be jointly used due to high multicollinearity
(NBS + BW values are based on NBS values), hence lead-
ing to two options: (i) combining LMNP and NBS, or (ii)
combining LMNP and NBS + BW. In both cases, the con-
tribution of LMNP was negligible (data not shown), thus
the estimated values were based on NBS or NBS+BW,
respectively. Of note, we acknowledge that US measure-
ment in the third trimester may represent a suboptimal
reference standard, as dedicated literature suggests US
measurement in the first trimester or accurate LMNP
recall as the preferred reference standards for testing the
validity of alternative methods of GA determination [2,
8]. However, the unavailability of such preferred refer-
ence standards forced the use of US measurement in the
third trimester as the only viable option in our setting.

Recent evidence suggested that using US in second/
third trimester with a novel parsimonious formula
might narrow accuracy to +10.5 days (between 24 0/7
weeks and 29 6/7 weeks of gestation) and of +15.1 days
(between 24 0/7 weeks and 29 6/7 weeks of gestation)
[14]. These results suggest that concentrating efforts and
resources in further validating and implementing the use
of late pregnancy biometry for gestational age assessment
may be valuable in settings where the preferred reference
standards are unavailable.

To our knowledge, this is the first study evaluating the
accuracy of the modified birthweight-sensitive Ballard
method (NBS+BW) elaborated by Feresu et al. [10],
under real field conditions.

Our study has also some limitations that should be
considered by the reader. First, US measurement in the
third trimester may represent a suboptimal reference
standard. Second, the retrospective nature of the study
limited data availability. Third, the generalizability of the
findings should be limited to similar settings. In addition,
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our study included few preterm newborns hence caution
is suggested in the interpretation of our findings in such
subpopulation.

Conclusions

In a low-income setting, NBS +BW was the least biased
method for GA determination as compared with the
locally available standard (US measurement in the third
trimester). However, wide agreement bands suggested
low accuracy for all three alternative methods (LNMP,
NBS, NBS+BW. New evidence in the use of second/
third trimester ultrasound suggests concentrating efforts
and resources in further validating and implementing the
use of late pregnancy biometry for gestational age dating
in low and middle-income countries.

Abbreviations
GA: gestational age; US: ultrasound; LNMP: Last Normal Menstrual Period; NBS:
New Ballard Score; NBS 4 BW: NBS + Birth Weight.
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