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Abstract

Background

Healthcare-acquired infections (HCAIs) are a substantial source of neonatal
morbidity and mortality that also carry a financial burden on families and
healthcare systems worldwide. However, little is known about common and
factors related to HCAIs among neonates hospitalized in Rwanda. The study's
objective was to assess the risk of neonatal HCAIs in three selected teaching
hospitals in Rwanda.

Methods

A retrospective cross-sectional study was conducted and stratified simple random
sampling was used. Files of 273 neonates were recruited from 15™ July to 30"
October 2021. The data abstraction sheet was used in data collection. The data
was analysed using logistic regression analysis, and the results were presented
in tables.

Results

The most common neonatal HCAI agent was Klebsiella pneumoniae affecting
142 /273(52%). Neonates weighting >3.6kg (OR=0.09; 95% CI= 0.02—0.54), 2.6~
3.5kg (OR=0.07, 95% CI = 0.01-0.42); 1.5-2.5kg (OR= 0.03 (95% CI= 0.01-0.22)
were significantly less likely to have an HCAIs than neonates weighting <1.5kg.
Maternal blood groups, especially AB and O, had significantly higher odds for
HCAI, OR=2.37 (95% CI=1.1-5.1) and OR=3.1 (95%CI=1.32-7.26) respectively.
Conclusion

Low birth weight and maternal blood type were associated with HCAIs at the

three study sites and the most common HCAI was Klebsiella pneumoniae.
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Background

Healthcare-associated infection (HCAI)
formerly known as nosocomial infections
(NI) is defined as “An infection developed in
a patient while hospitalized in any health
care setting and which was not present
or incubating on admission”.[1] The term
HCAI is being used interchangeably with
the term NI.[2] HCAIs, worldwide, are the
most frequent adverse events in healthcare
delivery.[3,4] Globally, hundreds of millions
of patients are affected by HCAIs each
year, by increasing length of hospital stay,
mortality and financial losses for patients’
families and the health systems.[3,5]

The HCAIs, which are on the increase,
substantially contribute to raised neonatal
mortality rate (NMR), which remains higher
than that for the other under-five children,
despite comprehensive infection control
initiatives.[6,7] Accordingtothe World Health
Organization (WHO), patients with HCAIs
have a higher prevalence rate, placing a far
greater burden on low and middle income
countries (LMICs) than on high-income
countries (HICs).[8] Bloodstream infections
are the most prevalent HCAIs in NICU and
they can occur alone or in conjunction with
organ dysfunction.[9]

Some factors were found to be associated
with HCAI, including prematurity, low birth
weight (LBW), patient being on ventilation
machines, venepuncture, hypoxia and
feedingintolerance which pose a significantly
higher risk of getting HCAIs compared to
neonates in different conditions,[10] HCAIs
threaten neonatal health,[11] Whereby
neonates, especially preterm are mostly
affected because they are frequently
subjected to invasive treatments and rely

on central catheters for nourishment
and ventilators for breathing assistance.
[12,13] Furthermore, weakened immune

system, function barriers of the skin and
gastrointestinal tract, aggressive diagnostic
and therapeutic procedures -catheter-
associated infections, cross transmission
of multi-resistant bacteria (e.g. Klebsiella),
LBW and prematurity have been associated
with HCAIs.[14]
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In HICs, such as the European countries
like Iceland, Norway, and Croatia, the
prevalence rate of HCAIs in Neonatal
Intensive Care Unit (NICU) was the highest
with (10:7%) followed by neonatology wards
(3:5%),[15] Some factors were reported to be
significantly associated with HCAIs, such
as, the length of hospital stay and having
one or more invasive medical devices.[16]

In LMIC, HCAIs account for up to 56% of
all causes of neonatal mortality, and the
majority (75%) occur in Southeast Asia and
Sub-Saharan Africa (SSA).[15-19] HCAI
related deaths are linked to length of hospital
stay, age (prematurity), chemotherapy, and
practices of an individual caregiver.[17-20]
Despite the gap existing between HIC and
LIMC, the results showed the prevalence
ranging from 8 to 15% or higher in LMICs.
[4] Furthermore, in LMICs, the occurrence
of HCAIs is aggravated by some countries
with ineffective infection, prevention and
control (IPC) measures exacerbated by
poor laboratory support, ineffective use of
antibiotic policies, and limited resources,[4]
In Sub Saharan Africa, existing data
demonstrate that numerous factors
promote the high incidence rates of HCAIs
in neonates which include; prematurity,
and birth weight of less than 1500g (VLBW).
[13] The spread of HCAIs pathogens can be
through person to person, environmental
or contaminated water, food and infected
individuals including; contaminated health
care personnel’s skin , surface or contact
via shared item.[21]

In Rwanda, a study conducted in Rwanda's
Centre  Hospitaliere  Universitaire de
Butare(CHUB) from June 1 to November
30, 2015, revealed that the prevalence of
HCAIs was quite high (12.1%) and that the
incidence of HCAIs in NICUs is roughly 30%.
[22] Moreover, among all cases of HCAIs,
55% were lower respiratory tract infections
(LRI) which were the most predominant,
36.2% were blood stream infections (BSI)
and 17.24 % were urinary tract infections
(UTI).[15, 23] Furthermore, the prevalence
of HCAIs was 23.1% in NICU as reported
in a survey conducted in CHUK, Rwanda.
[23,24]
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These results showed a need of additional
knowledge on different aspects regarding
neonatal HCAIs in order to decrease its
burden which appears to weigh more on
resource-limited countries like Rwanda.
[25] Thus, this study assessed the risk of
neonatal HCAIs at three selected teaching
hospitals in Rwanda as it was with great
importance as the previously conducted
studies were focused in one hospital and the
updated data on neonatal HCAIs was
needed for healthcare decision makers and
academicians.

Methods

Design

A retrospective cross-sectional design
was used to assess the factors related to
common neonatal HCAIs in three selected
teaching hospitals in Rwanda. Data were
gathered from the Rwanda Military Hospital
(RMH), Centre Hospitaliere Universitaire
de Kigali (CHUK), and King Faysal Hospital
(KFH). Bloodstream infections are the
most prevalent HCAIs in NICU and they
can occur alone or in conjunction with
organ dysfunction.[9] These hospitals
were selected as they are legends in the
management of critically ill neonates with
well-equipped NICU, and specialised staff.
The study was conducted between 15th
July and 30th October 2021.

Recruitment of study participants

Files of neonates from birth to age 28 days,
hospitalized in the NICU at CHUK, KFH
and RMH, in the last six months prior to
the data collection period (15th July to 30th
October 2021) were included. A neonate
who was hospitalized in the NICU but
whose discharge was dated more than six
months prior to the commencement of data
collection, or had died respectively before
seven days of hospitalization or final medical
diagnosis were excluded from the study.

Sample size

The sample size was calculated based on
the estimation of the neonatal population
admitted to each study site per month,
according to the neonatal admission
registries of respective hospitals.

The total sample size of 273 neonatal files was
calculated based on the previous prevalence
of 23.1% from a study conducted at CHUK,
Rwanda.[20] The targeted sample size of the
study was calculated using the Cochran
formula with a desired 95% confidence
interval and 5% level of precision.[24]

Z?pq  (1.96)%x0.231 x(1 — 0.231)

e2 (0.05)2 =273

Ng =

where, p is the estimated prevalence in our
study expressed as a proportion (i.e. p =
0.231) of neonates who had previously had
an HCAL.[23] The q is 1-p; n, stands for the
sample size of this study; e is the desired level
of precision (5%); Z is the standard normal
deviation (i.e. 1.96) at 95% confidence level.
Hence, the sample size calculated was 273
neonate files.

Sampling strategy

The stratified simple random sampling was
used to determine the number of files to
be selected proportionately from each of
the three hospitals, based on the monthly
admission of neonates in each hospital.
Accordingly, CHUK had 71 (26.0%) files,
KFH 61 (22.3%), and RMH had the majority
of 141 (51.6%) files; total, 273 files of
neonates. At each hospital, files were
chosen by simple random sampling.[27]

Validity and reliability of the tool

The instrument was developed based on an
exhaustive review of the related literature, on
common factors associated with HCAIswhich
includes; prematurity, LBW, ventilation
machine, and venepuncture,[10,13] With
deep analysis by investigators. Inclusion
of items from this adopted tool had logical
connection with the objective since the
study questions were about risk factors of
HCAI and were described in regard to the
context of neonatal admission file and the
continuity of the newborn progress sheet. All
of these used tools (neonatal admission file
and continuity of newborn progress sheet)
justify the face validity of the used tool in
this study. A pretesting was conducted on
10 files to test the instrument for validity,
reliability as well as feasibility purposes and
the results showed a Cronbach’s alpha of
0.68.
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To validate the content of data collection
instrument, the number of items used were
enough and appropriate; and adequately
represented in each section to measure the
common types of neonatal HCAIs from the
risk factors to the specific types of neonatal
HCAIs as well as the outcome of the neonates
at the above-mentioned teaching hospitals.
The instrument validity was based on the
constructs of the conceptual framework
and reflection of relevant current research
on the topic of HCAIs. Identifying the
types and factors associated with common
neonatal nosocomial infections were added
to criterion validity on the topic in Rwanda.

Data collection tool
Section A: Demographic characteristics of
the mother: maternal age, obstetric history,

mother’s blood group, religion, parity,
gravida, residence, current pregnancy
history. In section B: Neonatal profile

before admission: age (in weeks), neonate’s
weight and sex, types of delivery, feeding,
place of birth, Apgar, neonatal blood group,
neonatal diagnosis on admission. Finally
in section C was neonatal profile after
admission: admission diagnosis of the
newborn in NICU and procedure done on or
after admission, admission and discharge
dates, procedure and treatment, neonate’s
medical/surgical/treatment history,
current medications, admission physical
examination, investigations, common
neonatal nosocomial infections, a summary
of illness, management/plan, reasons for
neonatal demise.

Data collection procedures
Datawerecollectedusingthedataabstraction
sheet and neonatal files. The investigator
was responsible for data collection and
took the time to talk with local healthcare
professionals, especially unit managers of
the respective neonatal intensive care units,
about the research purpose and how it will
proceed and requested their cooperation for
the study tobe successful. Theunit managers
worked together with the researcher, who
was given all the materials needed to start
data collection, including neonate files and
neonatal admission registry. The researcher
consulted each file for variables under
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investigation and ticked on the data sheet,
the corresponding variable. Each data
abstraction sheet was given a code; and the
researcher had established a list composed
of neonates’ identities to avoid using the
same file twice. After completing the data
abstraction sheets, the data were entered
in IBM SPSS Statistics for Windows version
21.0 (IBM Corp, Armonk, NY, USA) for
cleaning and analysis.

Outcome Variables

The study had two outcome variables
namely common HCAIs) and factors related
to neonatal HCAIs. To identify the most
common HCAIs at the three hospitals
pathogens were listed and their presence
was highlighted among neonates by
displaying the number and proportion of
each pathogen according to the blood culture
results from the neonate files. Factors
independently associated with neonatal
HCAIs were obtained by multiple logistic
regression analyses. The researcher plotted
each variable with common neonatal HCAIs
in bivariate logistic regression analysis and
finally those significantly associated with
HCAIs were finally combined and plotted
together against common neonatal HCAIS
in multivariate logistic regression analysis.

Data analysis

Descriptive statistics were used to interpret
and summarise variables in frequency and
percentages. Binary logistic regression
analysis was used to test associations
between variables and neonatal HCAIs.
A P value < 0.05 was considered to have
statistical significance. Bivariate and
multivariable logistic regression analyses
were performed to determine if there
was any or independent association of
sociodemographic characteristics and other
variables with HCAI.

Ethical considerations
Ethicalapprovalwasgranted bytheUniversity
of Rwanda Institutional Review Board (IRB)
under Ref: CMHS/IRB/198/2021.Then,
the permission to collect data was obtained
from the research committees of each study
hospitals. The researcher guaranteed the
integrity and
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quality of the research by ensuring that the
data which came from the neonatal files
will be used only for the research purpose.
As a retrospective study consent from
participants was not necessary, however,
confidentiality and anonymity of the NICU
registration book and file contents were
ensured by using codes instead of namesand
protecting the dataset by personal password,
only accessed by the researcher.

Results

Demographic characteristics of neonates
The demographic characteristics of neonates
are presented in Tablel. The majority of
neonates, 203 (74.4%) were preterm, 101
(37.0%) weighed less than 1.5kg, and
162 (59.3%) were boys, 179 (65.6%) had
a dystocic delivery. Most, 169 (61.9%),
had an APGAR score of 8-10; and 205
(75.1%) received breastmilk after birth. The
most frequent NICU admission diagnoses
(200, 73.3%) were prematurity, LBW, or
respiratory distress syndrome. The majority
of neonates, 126 (46.2%) were born at RMH,
and 108 (39.6%) were hospitalized for 24 to
31 days (Tablel).

Table 1. Neonatal socio-demographic
characteristics (n = 273)

Variables n (%)
Infection
Escherichia/enterococci 11 (4.0)
Pseudomonas aeruginosa 1(0.4)
Klebsiella pneumonia 142 (52.0)
Staphylococcus aureus 68 (24.9)
Candida albicans/Enterobacter
- 10(3.7)
species
Outcome at discharge
Totally recovered 141 (51.7)
Disabilities 50 (18.3)
Death 80 (29.3)
Other/transferred 2(0.7)
Demise
Yes 80 (29.3)
No 193 (70.7)
Reason for death
Respiratory distress syndrome 1(0.4)
Prematurity 5 (1.8)
Neonatal infection 62 (22.7)
HIE 7 (2.6)
Other 5(1.8)

Common types of HCAIs
hospitalized neonates

Table 2 shows the most commonly acquired
healthcare pathogens at the hospitals. About
a half of the neonates, 142 (52.0%), had
Klebsiella pneumonia, and close to quarter
68 (24.9%) had Staphylococcus aureus. The
majority, 193 (70.3%), survived. Of those
that survived, 141 (51.7%), totally recovered,
50 (18.3%) survived with disabilities, and
2(0.7%) were counter-transferred to another
health facility. About one third 80 (29.3%)
of neonates died, and HCAIs were the major
cause 62 (22.7%).

Table 2. Common types of healthcare-
associated infection affecting neonates (n
= 273)

among

Variable n (%)
Diagnosis at admission

gll*)eénaturlty/LBW/R for I/ 200 (73.3)

HIE/N Sepsis 44 (16.1)

Others(congenital anomalies) 29 (10.6)
Any treatment/procedure

Yes 272 (99.6)

No 1(0.4)
Treatment/Procedure given

central line/drain | 71(20)

IV line/Oxygen therapy 160 (58.6)

Blood transfusion 32 (11.7)

Surfactant S (1.8)

Others(surgical procedure) 5(1.8)
Medication given

Antibiotics 260 (95.2)

Non antibiotics 13 (4.8)
Physical exam performed

Yes 273 (100)

No 0 (0)

Diagnosis and management of healthcare
associated Infections

Table 3 shows the frequency and proportion of
neonates with a diagnosis and management
of a HCAI. The majority of neonates, 200
(73.3%) were diagnosed with Prematurity/
LBW/R for I/RDS, and all 273 (100%)
received a physical examination. Almost all
neonates, 272 (99.6%) were given a treatment
or procedure; the majority, 160 (58.6%)
received an IV line and/or oxygen therapy,
and 260 (95.2%) were given antibiotics.
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Table 3. Diagnosis and management of
healthcare-associated infection (n=273)

Variable n (%)
Diagnosis at admission
gr];énatunty/LBW/R for I/ 200 (73.3)
HIE/N Sepsis 44 (16.1)
Others(congenital anomalies) 29 (10.6)
Any treatment/procedure
Yes 272 (99.06)
No 1(0.4)
Treatment/Procedure given
Mechanieal entlation/ 71 29
IV line/Oxygen therapy 160 (58.6)
Blood transfusion 32 (11.7)
Surfactant 5 (1.8)
Others(surgical procedure) 5(1.8)
Medication given
Antibiotics 260 (95.2)
Non antibiotics 13 (4.8)
Physical exam performed
Yes 273 (100)
No 0(0)

Abbreviations: LBW, Birth Weight; R for I, Risk for Iniection;
HIE/N sepsis, Neonatal sepsis; RDS, Respiratory Distress
Syndrome; HIE, Hypoxic Ischemic Encephalopathy.

Factors related to HCAIs among neonates
A bivariate logistic regression analysis was
used to assess the association between
common HCAIs and other study variables.
Maternal blood group O was associated with
HCAIs twice as much (OR = 2.235; 95%CI
= 1.062-4.705, P = 0.034) as blood group
A. Neonatal LBW of less than 1.5 kg was
associated with HCAI, while higher weights
were protective. The male sex was more
highly associated with HCAIs (OR =1.689;
95% CI = 1.030-2.772, P = 0.038) than
the female sex. Discharge was significantly
associated with neonatal HCAI (OR = 0.629;
95% CI = 0.475-0.831, P = 0.001). The
hospital II was significantly associated with
HCAI with (OR = 1.2; 95% CI = 0.54-2.65,
P = 0.009). And finally, neonatal demise
reduced the likelihood of acquiring HCAI
(OR=0.218;95% CI=0.12-0.41, P=0.001)
(Table 4).

Table 4. Bivariate and multivariable logistic regression analysis for relationship

with healthcare-associated infections

Bivariate analysis

Multivariable analysis

95% CI Adjusted 95%CI
Variables COR Lower Upper P Value JOR Lower Upper P Value

Maternal Blood group

A Ref Ref.

B 0.888 0.47 1.67 0.711 1.13 0.55 2.31 0.742

AB 1.976 1.02 3.82 0.043 2.37 1.1 5.1 0.028

(0] 2.235 1.06 4.71 0.034 3.10 1.32 7.26  0.009
Neonatal weight (kg)

<1.5 Ref Ref.

1.5-2.5 0.059 0.01 0.28 <0.001 0.03 0.01 0.22 <0.001

2.6-3.5 0.154 0.03 0.72 0.017 0.07 0.01 0.42 0.004

> 3.6 0.149 0.03 0.72 0.018 0.09 0.02 0.54 0.008
Neonatal sex

Female Ref

Male 1.689 1.03 2.77 0.038 - - - -
Place of birth

Hospital 1 Ref

Hospital 2 1.2 0.54 2.65 0.009 - - - -

Hospital 3 0.843 0.4 1.79 0.656 - - - -
Neonatal procedure/ treatment

No Ref

Yes 1.406 0.98 2.01 0.062 - - - -
Neonatal demise

No Ref Ref.

Yes 0.218 0.12 0.41 0.001 3.33 0.996 11.2  0.051

372



Rwanda Journal of Medicine and Health Sciences Vol. 6 No. 3, November 2023

https://dx.doi.org/10.4314/rjmhs.v6i3.10

Multivariable logistic regression analysis
of HCAIs among neonates

After conducting multivariable logistic
regression analysis of the variables that
were significant in bivariate analysis, three
variables remained statistically significant
which include; maternal blood group AB and
O and neonatal weight of 1.5kg and above
(Table 4). A neonate with the maternal blood
group AB (OR=2.365,95% CI=1.097-5.098;
P = 0.028), was over two times more likely to
have an HCAI than a neonate whose mother’s
blood group type was A. Similarly, a neonate
with a mother who had blood group O (OR
= 3.097, 95% CI = 1.321-7.262; P = 0.009)
was three times more likely to have an HCAI
than neonates with a mother of blood group
A. Neonates with weight from 1.5kg to 3.6kg
and above were much less likely to have an
HCAI, than an infant weighting below 1.35kg.
And finally, a borderline significance showed
that neonatal demise was three times more
likely to be associated to HCAI (OR = 3.37,
95% CI =0.996-11.186, P =0.051) (Table 4).

Discussion

The study aimed to identify the common
types of HCAIs and their associated factors
among neonates hospitalized in three
selected teaching hospitals in Rwanda.
In this study regarding the maternal
demographic characteristics, the majority
were between the age of 21-25 and were
having 2 gravida; and most of the mothers
had 1 parity, were catholic, and were
living in urban areas furthermore they
had gestational hypertension(HTN), HTN
disease, blood group O and had UTI (40%)
as health related risk factor. Similarly,
results were reported in a study conducted
in the NICU of specialised Hospital of
Gondar in Northwest Ethiopia where the
majority of the mothers were below 35 years
of age, living in urban and the majority were
married Christian, and were primipara, and
delivered at a hospital.[29-31]

In this study, the neonatal demographic
characteristics showed that, the majority of
neonates were preterm and male. Several
studies have reported the similar results

like in a study conducted in China on the
epidemiology and risk factors of neonatal
healthcare acquired infections where an
observational and prospective surveillance
study on 1347 neonates, conducted in the
respiratory intensive care unit of a teaching
hospital, it was found that the majority of
the participant were male with a proportion
of 66.3%, as well as in a study conducted
in Tanzania.[29-34] Inversely, a study
reported that female were mostly affected
than male.[32]

In this study, the majority of the participants
had birth weight below 1.5kg and were born
by caesarean section at 179(65.6%), similar
results were found in a study conducted
in Cameroon where the majority had birth
weight below 2.5kg, and contrary to this
most of the participant were born by normal
vaginal delivery.[35,36] In addition to this,
the majority of neonates were fed breast milk
after delivery at the highest proportion were
premature, similar results were also found
in a study conducted in Tanzania where the
majority were premature at 200(72%).[34]
Most of the participants at around 46.1%
were born at hospital IIl and around 42.5%,
and at admission, 73.3% of the participants
were diagnosed with Prematurity/LBW /R for
[/RDS, while 108(39,6%) were hospitalized
around 21 to 28 days, similarly, results
were reported in a cross-sectional, hospital-
based study in a neonatal intensive care
unit at Bugando Medical Centre(BMC),
Mwanza, Tanzania where the majority
were diagnosed prematurityl144(72.0) and
143(71.5) were hospitalized more than two
days at enrolment.[34,35]

Regarding diagnosis of the participants, the
majority were diagnosed with Prematurity/
LBW/R for I/RDS similar results were found
in a cross sectional study showed that the
majority of studied neonates was preterm
(58.7%) and 32.7% had birth weight less
than 1500 g,38.7% had a birth weight of
1500-2500g.[36] Furthermore, 272(99.6%)
among them were given medications/
procedures, and the majority of 160(58.6%)
were given oxygen therapy and/or IV
medications among them 260(95.2%) were
given antibiotics,
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while all the participants got physical
examination, similarly results were found
in cross sectional hospital based study
conducted in Tanzania found that 87.5%
of neonates with HCAIs were administered
medications including antibiotics and
128(66.7) were on oxygen-therapy.[32]

Regarding the most common healthcare
acquired infection, this study showed
that Klebsiella pneumoniae were most
predominant in about 142(52%) of the
participants, and the majority of the
participants totally recovered at the
proportion of 141(51.6%) and the minority
(80, 29.3%) of the participants died at
similar results were found in a prospective
cohort study conducted in Turkey where
common HCAIs were caused by gram
negative bacteria which includes Klebsiella
pneumonia (38.9%) and mortality rate was
at 10.8% of the total participants 352.
[36,37] As well as in India where mortality
rate was at 29%.[6] Inversely, several studies
done by Sanjay Kumar et al. and Mahmoud
Mohamed on  healthcare associated
infections in intensive care Unit and its
correlation with environmental surveillance
revealed that gram positive cocci were the
most predominant(67%) than gram negative
bacilli(33%),[27,37] And the reason among
those participants died were neonatal HCAIs
infection at 62(22.7%), similar results were
found by WHO in a study conducted in
developing countries where neonatal deaths
related to HCAIs were ranging from 4 to 56
% of all neonatal deaths,[39,40]

The Maternal blood group especially Group
O with OR:2.235 P:0.034 was significantly
associated with HCAIs. Inversely, the
study done al. Maternal blood group was
not considered when considering factors
associated with HCAIs.[29] Neonatal weight
at 1.5-2.5 kg OR: 0.059, P<0.001 has no
particular difference in acquiring HCAIs
compared to other weight groups; Place
of Birth was significantly associated with
neonatal HCAIs OR:0.65, P:0.004.Similarly,
results were found in an observational
study done in a NICU of a tertiary care
teaching hospital in India, where that the
birth weight (<1500g),
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gestational age (< 37 weeks) were
significantly associated with HCAIs. Birth
weight (less <1500g) showed the highest
association (OR 4.16; 95% CI; P:0.0001)
and gestational age (< 37 weeks) OR 1.73, P:
0.0009.[36,37,41] In this study admission
and discharge and neonatal Treatment
process was significantly associated
with neonatal HCAIs 0O.R:0.629 P:0.001,
0O.R:1.406 P:0.062 respectively, and finally
Neonatal Outcome(total recovered) was
significant OR:0.493 P:0.000; place of birth
OR: 1.200, P:0.009 and finally neonatal
death OR:4.578 P:0.000 was significantly
associated with HCAIs, similar results was
reported in Egypt by Mahmoud Mohammed
where most of the procedures provided for
the neonates were significantly associated
with HCAIs and umbilical catheter (P:0.011),
mechanical ventilator (P: 0.027), and
peripheral IV line (P:0.045). As regard to the
neonatal outcome of the infected new-borns
by HCAIs in the NICU, where 48% recovered
and 52% died.[36,42]

The maternal blood groups especially AB
and O were statistically significant OR:
2.365, P: 0.028 and 0O.R:3.097,0.009
respectively. However in a cross sectional
study conducted in University of Gondar
comprehensive specialised hospital neonatal
intensive care unit Northwest Ethiopia,
maternal blood group were not considered
in the social demographic characteristics of
the mothers,[29] and in this study neonatal
weight and gestational age were statistically
significantly associated with HCAIs and
similar results was found in a cross sectional
study in Egypt and found a significant
association between the occurrence of LBW
and gestational age less than 37 weeks.
Birth weight of less than 1.5kg with OR:1.0
and P:0.003.[2,36]

Limitations

Since the researcher collected the data
using only the clients' files, some factors
related to healthcare providers that may
affect neonatal HCAIs and its related
mortality rate were not gathered. This study
was conducted by using retrospective cross
sectional design therefore prospective study
is recommended to emphasize the factors
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related to HCAIs in neonatology and was
conducted in three selected teaching
hospitals, and therefore the study findings
may not be generalized to the whole country.
Further studies with representative sample
size are needed with diverse study settings
which include private hospitals for data to
be generalized.

Conclusion

This study has shown that, LBW, neonatal
death, and maternal blood type were
associated with HCAIs at the three study
sites and the most predominant HCAI was
klebsiellapneumonia. Hence, understanding
the risk factors associated with HCAIs is
crucial to help reduce neonatal morbidity
and mortality related cost of care, and
potential increase in antibiotic resistance in
clinical settings.

Recommendations

The academicians should teach medical/
nursing students about the impact of
HCAIs to the economic status of the patient
and that of the nation as whole without
forgetting their impact on public health of
the community for them to be aware hence
contribute effectively in their prevention and
management. The MOH should participate
actively in prevention and management
of HCAIs by organizing training and
conducting evaluation sessions for ensuring
that HCAIs are decreasing as they are main
life-threatening conditions for neonatal
health especially those with low immunity.
Additional to this more implementation
studies need to be conducted in this area
to help in the reduction and prevention of
HCAIs.

Conflict of interest
The author declares no conflict of interest
regarding this study work.

Authors’ contribution

AU, PM contributed in conception, design,
data analysis and interpretation and
writing of manuscript. VB, conception,
design, data analysis and interpretation.
IM, data analysis, interpretation and
writing manuscript. PU, data analysis and
interpretation.

UA, data collection, data entry and data
analysis. AV, data collection, data analysis
and interpretation. ME, data collection,
data analysis and interpretation. NN, data
collection, data entry and data analysis.

This article is published open access under the Creative
Commons Attribution-NonCommercial NoDerivatives (CC
BYNC-ND4.0). People can copy and redistribute the article
only for noncommercial purposes and as long as they give
appropriate credit to the authors. They cannot distribute
any modified material obtained by remixing, transforming
or building upon this article. See https:/creativecommons.

org/licenses/by-nc-nd/4.0/
References

1. WHO. Improving the prevention,
diagnosis and clinical management of
sepsis- Report by the Secretariat. WHO
Publ. 2017;executive(January): 1-6.
Available from: https://apps.who.int/
gb/ebwha/pdf_files/EB140/B140_12-

en.pdf

2. WHO. Report on the Burden of
Endemic Health Care-Associated
Infection Worldwide Clean Care
is Safer Care. who website. 2015.

https://apps.who.int/iris /bitstream/
handle/10665/80135/9789241501507_
eng.pdf. Accessed 20 April 2023

3. Uwaezuoke SN, Obu HA. Obu HA
Nosocomial infections in neonatal
intensive care units: cost-effective
control strategies in resource-limited.
Niger J Paed. 2013;(July 2015).http://
dx.doi.org/10.4314 /njp.v40i2,4

4. Mpinda-Joseph P, Anand Paramadhas
BD, Reyes G, Maruatona MB, Chise

M, Monokwane-Thupiso BB, et al.
Healthcare-associated infections
including neonatal bloodstream

infections in a leading tertiary hospital
in Botswana. Hosp Pract (19995)
2019;47(4):203-10.https:/ /doi.org/10.1
080/21548331.2019.1650608

5. Rameshwarnath S, Naidoo S, Group F.
Risk factors associated with nosocomial
infections in the Neonatal Intensive
Care Unit at Mahatma Gandhi Memorial
hospital between 2014 and 2015. South
African J Infect Dis . 2018;0053:1-8.
http://doi.org/10.1080/23120053.201
8.1453641

375



https://dx.doi.org/10.4314/rjmhs.v6i3.10

Rwanda Journal of Medicine and Health Sciences Vol. 6 No. 3, November 2023

6. Kumar S, Shankar B, Arya S, Deb
M, Chellani H. Healthcare associated
infections in neonatal intensive care unit
and its correlation with environmental
surveillance. J Infect Public Health.
2018;11(2):275-9. http:/ /dx.doi.
org/10.1016/j.jiph.2017.08.005

7. Zingg W, Hopkins S, Gayet-Ageron A,
Holmes A, Sharland M, Suetens C, et
al. Health-care-associated infections in
neonates, children, and adolescents:
an analysis of paediatric data from the
European Centre for Disease Prevention
and Control point-prevalence survey.
Lancet Infect Dis. 2017;17(4):381-9.
http://dx.doi.org/10.1016/S1473-
3099(16)30517-5

8. WHO. Infection prevention and
control The burden of health care-
associated infection worldwide.
Lancet. 2017;(December 2010):2010-
2. https://doi.org/10.1016/ S1473-
3099(21)00809-4

9. Buescher MGK and ES. Nosocomial
Infections in the Neonate. Malaysian
Palm Oil Counc. 2020;21(1):1-9. http://
journal.um-surabaya.ac.id/index.php/
JKM/article/view/2203%0Ahttp://
mpoc.org.my/malaysian-palm-oil-
industry/

10.Wang L, Zhao Y ling. Risk Factors
of Nosocomial Infection for Infants
in Neonatal Intensive Care Units: A
Systematic Review and Meta-Analysis.
Medical Science Monitor. 2019;8213-
20. https://www.medscimonit.com/
abstract/index/idArt/917185

11.Helyaich A, El N, Slitine I, Bennaoui
F, Soraa N. Bacterial Nosocomial
Infection : Experience of the Neonatal
Intensive Care Unit at the University
Hospital of Marrakech.Open Infectious
Diseases Journal. 2019;17-21. https://
openinfectiousdiseasesjournal.com

12.Wojkowska-Mach, Chmielarczyk,
Strus, Lauterbach, Heczko. Neonate
Bloodstream Infections in Organization
for Economic Cooperation and
Development Countries: An Update on
Epidemiology and Prevention. J Clin
Med. 2019;8(10):1750. Available from:
https://doi.org/10.3390/jcm8101750

376

13.Ramasethu J. Prevention and treatment
of neonatal nosocomial infections. Matern
Health Neonatol Perinatol. 2017;1-11.
DOI 10.1186/s40748-017-0043-3

14.Sadowska-Krawczenko I, Jankowska
A, Kurylak A. Healthcare-associated
infections in a neonatal intensive care
unit. Arch Med Sci. 2012;8(5):854-8.
DOI: 10.5114/aoms.2012.31412

15.Moffa M, Guo W, Li T, Cronk R, Abebe
LS, Bartram J. A systematic review of
nosocomial waterborne infections in
neonates and mothers. Int J Hyg Environ
Health. 2017;220(8):1199-206. http://
dx.doi.org/10.1016/j.ijjheh.2017.07.011

16.Zingg W, Hopkins S, Gayet-ageron A,
Holmes A, Sharland M, Suetens C, et
al. Health-care-associated infections in
neonates , children , and adolescents :
an analysis of paediatric data from the
European Centre for Disease Prevention
and Control point-prevalence survey.
Lancet Infect Dis. 2017;3099(16):1-9.
http://dx.doi.org/10.1016/S1473-
3099(16)30517-5

17.Elizabeth M, Mboto C, Agbo BE. A Review
of Nosocomial Infections in Sub-Saharan
Africa. Microbiology Research Journal
International. 2016. DOI: 10.9734/
BMRJ/2016/25895

18.Khan HA, Ahmad A, Mehboob R.
Nosocomial infections and their control
strategies Asian Pacific Journal of
Tropical Biomedicine. J Trop Biomed.
2015;5(7)(June):505-9. ttp:/ /dx.doi.
org/10.1016/j.apjtb.2015.05.001

19.WHO. Prevention of Hospital-Acquired

Infections. Surg Infect (Larchmt).
2016;17(4):422-6. http:/ /www.who.int/
emc

20.Nyirantibibaza M. Infections Among
Nurses Working in Intensive Care Unit of
Referral Hospitals. 2017; http://dr.ur.
ac.rw/handle/123456789/391) (URI:
http:/ /hdl.handle.net/123456789/391



Rwanda Journal of Medicine and Health Sciences Vol. 6 No. 3, November 2023

https://dx.doi.org/10.4314/rjmhs.v6i3.10

21.Sharrow D, Hug L, You D, Alkema
L, Black R, Cousens S, et al. Global,
regional, and national trends in
under-5 mortality between 1990 and
2019 with scenario-based projections
until 2030: a systematic analysis by
the UN Inter-agency Group for Child
Mortality Estimation. Lancet Glob Heal
. 2022;10(2):€195-206. Available from:
http://dx.doi.org/10.1016/S2214-
109X(21)00515-5

22.Bayingana C, Gahutu JB, Sendegeya
A, Habarugira F, Mukumpunga C,
Lyumugabe F, et al. Prevalence of
Bacterial Species Involved in Nosocomial
Infections in Pediatrics Unit at Butare
University Teaching Hospital (Chub). Int
J Curr Microbiol Appl Sci. 2017;6(6):3227-
32. https://doi.org/10.20546/
ijcmas.2017.606.380

23.Lukas S, Hogan U, Muhirwa V, Davis
C, Nyiligira J, Ogbuagu O, et al.
Establishment of a hospital-acquired
infection surveillance system in a
teaching hospital in Rwanda. Int J Infect
Control. 2016;12(3):1-9. doi: 10.3396/
[JIC.v12i3.018.16

24.Manzoni P, De Luca D, Stronati
M, Jacqz-Aigrain E, Ruffinazzi G,
Luparia M, et al. Prevention of
nosocomial infections in neonatal
intensive care units. Am J Perinatol

Vol 30 No 2/2013. 2013;30(2):81-

8. https:/ /www.researchgate.net/
publication/234070595 Prevention

25.Nkachukwu US, Obu HA. Obu HA

Nosocomial infections in neonatal
intensive care units: cost-effective
control strategies in resource-

limited. Niger J Paed . 2013; 40 125
-132. 2015;(January). http://dx.doi.
org/10.4314 /njp.v40i2,4

26.Uakarn C. Sample size estimation
using Yamane and Cochran and Krejcie
and Morgan and Green formulas and
Cohen statistical power analysis by
G*power and comparisons. Apheit Int
J. 2021;10(2):76-88. http://journal.
um-surabaya.ac.id/index.php/JKM/
article/view/2203%O0Ahttp:/ /mpoc.org.
my/malaysian-palm-oil-industry/

27.Taherdoost H. Sampling Methods in
Research Methodology ; How to Choose a
Sampling Technique for Research Hamed
Taherdoost To cite this version : HAL
Id : hal-02546796 Sampling Methods in
Research Methodology ; How to Choose
a Sampling Technique for. Int J Acad Res
Manag. 2020;5(2):18-27. https://so04.
tci-thaijo.org/index.php/ATI/article/
view /254253 /173847

28.Cherie R. Rebar, Carolyn J. Gersch, Carol
L. Macnee SM. Understanding nursing
research,third edition. Paper Knowledge
. Toward a Media History of Documents.
2018. https://hal.archives-ouvertes.fr/
hal-02546796.

29.Yismaw AE, Abebil TY, Biweta MA,
Araya BM. Proportion of neonatal
sepsis and determinant factors among
neonates admitted in University of
Gondar comprehensive  specialized
hospital neonatal Intensive care unit
Northwest Ethiopia 2017. BMC Res
Notes 2019;12(1):3-7. https://doi.
org/10.1186/s13104-019-4587-3

30.Pemula PD. Knowledge, attitude and
practices of nurses on prevention and
control of hospital acquired infections
in soroti regional referral hospital.
2017;110265(November):110493.
http://ir.ciu.ac.ug:8080/bitstream/
handle/123456789/1395

31.Gruda A, Sopjani I. The Knowledge |,
Attitudes and Practices of Nurses Toward

Management of Hospital- acquired
Infections in the University Clinical
Center of Kosovo. Mater Sociomed
.2017;29(April):84-7. DOI: 10.5455/

msm.2017.29.84-87

32.Abdel M, Gadallah H, Mohamed A, Fotouh
A, Habil IS, Imam SS, et al. Surveillance
of health care — associated infections in
a tertiary hospital neonatal intensive
care unit in Egypt: 1-year follow- up.
Am J Infect Control. 2014.https://doi.
org/10.1016/j.ajic.2014.07.020

33.Wang L, Zhou KH, Chen W, Yu Y, Feng
SF. Epidemiology and risk factors for
nosocomial infection in the respiratory
intensive care unit of a teaching hospital
in China: A prospective surveillance
during 2013 and 2015. BMC Infect
Dis. 2019;19(1):1-9. https://doi.
org/10.1186/s12879-019-3772-2

377



https://dx.doi.org/10.4314/rjmhs.v6i3.10

Rwanda Journal of Medicine and Health Sciences Vol. 6 No. 3, November 2023

34.Silago V, Kovacs D, Msanga DR, Seni J, 39.WHO.

35.

36.

37.

38.

378

Matthews L, Oravcova K, et al. Bacteremia
in critical care units at Bugando Medical
Centre , Mwanza , Tanzania : the role of
colonization and contaminated cots and
mothers ’ hands in cross-transmission
of multidrug resistant Gram-negative
bacteria. Antimicrob Resist Infect Control
.2020;1-14. https://doi.org/10.1186/
s13756-020-00721-w

Penda CI, Betoko RM, Koum DK, Henri
E, Eboumbou PE, Edimo CM, et al.
Etiologies of Neonatal Mortality in a
Tertiary Care Hospital in a Resource-
Limited Setting. Open J Pediatr.
2021;11(02):268-80.https://doi.
org/10.4236/0jped.2021.112026

El GS, Mahmoud D, Shoriet AH, Safwat
M, Aziz A. Incidence and risk factors of
health - care - associated infection in the
neonatal intensive care unit of Assiut
University Children ’ s Hospital. Journal
of Current Medical Research and Practice.
2021. 6(1):p 48-53.DOI: 10.4103/
JCMRP.JCMRP_172_19

Kilic A, Okulu E, Kocabas BA, Alan S,
Cakir U, Yildiz D. Original Article Health
care-associated infection surveillance : A
prospective study of a tertiary neonatal
intensive care unit. J Infect Dev Ctries.
2019; 13(3):181-187. doi:10.3855/
jidc.10688

Kumar S, Shankar B, Arya S, Deb M,
Chellani H. Journal of Infection and
Public Health Healthcare associated
infections in neonatal intensive care unit
and its correlation with environmental
surveillance. J Infect Public Health
.2018;11(2):275-9. http://dx.doi.
org/10.1016/j.jiph.2017.08.005

The Burden of  Health
CareAssociated Infection Worldwide A
Summary.who website. 2014. https://
apps.who.int/iris /bitstream/handle/
10665/80135/ 9789241501507 _eng.
pdf. Accessed 20 April 2023

40.Gary LS and MK. Healthcare-Associated

Infections in the Neonate. Pap Knowl
Towar a Media Hist Doc. 2014 . doi:
10.1016/B978-0-323-40181-4.00094-3

41.Mekitrida L. Kiwone 1, S. N, Chotta, 1,

2 Daniel Byamungu 1, and, Mghanga3
FP. Prevalence and factors associated
with neonatal sepsis among hospitalized
newbornsat Ruvuma, southernTanzania.
South Sudan Med J. 2020;13(3):86.

42.Rani U, Lewis LE, Chawla K, Naha A.

Preventable contributors to the neonatal
healthcare-associated infections: A
uni-center analytical study from South
India. F1000OResearch. 2022. 11, 454.
Article 454. https://doi.org/10.12688/
f1000research.111101.1.



