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Abstract
Hospital acquired infection (HAI) is an infection which develops 48 hours after hospital

admission, that was not incubating at the time of admission to hospital. In patients with HAI,
costs as well as the use of antibiotics increase with an extended hospitalization. There is limited
information on the magnitude of HAI in Ethiopia particularly in pediatrics patient groups.
Objective: The aim of this study is to assess the incidence of hospital acquired infections,
antimicrobial drug resistance patterns and associated risk factors among under five children
attending Yekatit 12 Hospital Medical College, Addis Ababa Ethiopia.

Methods: This was a prospective cohort study that was conducted at City —Government of Addis
Ababa, Yekatit 12 Hospital Medical College from January to April 2018. All admitted patients
who did not have antibiotic and stay at least 48 hours during sample collection period were
included with the outcome variable being the prevalence of hospital acquired infection. Blood,
urine, body fluids, stool, and swabs were cultured on corresponding media(brain heart infusion,
chocolate agar, blood agar, MacConkey...etc) for isolation and identification of the bacteria and
Kirby- Bauer method for antibiotic susceptibility testing. Data were analyzed using SPSS
version 23. Chi-square tests were performed to determine risk factors associated with HAL.
Results: A total of 720 under five children were admitted during the study period (from January
2018 to April 2018 ). Out of this 435 children fulfilled the study criteria and were included in
the study. Of the 435 children, 255(58.7%) were males and 180(41.3%) females and resulting in
male to female ratio of 1.41:1. About 259 were neonates and the remaining 176 were children
age between 21days and 5 years. The overall incidence of hospital acquired infections in this
study was 8.5% with the most common isolate being Klebsiella pneumonia (n = 19) followed by
S. aureus (n=7). Klebsiella pneumoniae has shown high level of resistance (100%) to most of
third generation cephalosporins and S. aureus has shown high resistance to penicillin and
cotrimoxazole. Prevalence of MDR seen among K. pneumonia which is 100%, followed by
Acinetobactor species in this case we have 66.7% MDR. The presumed predisposing factors
were not found statistically associated.

Conclusion: This study showed that hospital acquired infections remains high especially in
neonatal intensive care unit complicating disease of already prone children. Therefore,
appropriate infection prevention has to be strengthened.

Key terms: Hospital acquired infection, multiple drug resistance and under five children.



1. Introduction

1.1 Background
Hospital acquired infections (HAI) is an infection which develops 48 h after hospital admission,

that was not incubating at the time of admission to hospital. Interchangeably the term
“Nosocominal® is used for any disease acquired by patient under medical care [1]. It is an
infection acquired by patient during hospital stay. For the following reasons infections are not
believed as nosocomial are: 1. infections that were present at the time of admission and become
complicated, nevertheless pathogens or symptoms change resulting to a new infection; 2.
infections that are acquired trans-placentally due to some diseases like toxoplasmosis, rubella,
syphilis or cytomegalovirus and appear 48 h after birth [2].

One of the earliest records of hospital infections are perhaps those found in an Egyptian papyrus
written around 3000 B.C. Again the famous Hindu physician Charaka and surgeon Sushuruta
(400 B.C.) have also emphasized the need for prevention of infection in clinical practice. The
records of Herodatus on the conditions that prevailed in Greek and Roman hospitals in the period
1000 to 600 B.C., and the Hipprocrates treatise (400 BC) testifying the existence of hospital
acquired infection[3]. Despite progress in public health and hospital care, infections continue to
develop in hospitalized patients, and may also affect hospital staff. Hospital acquired infections
occur worldwide and affect both developed and resource-poor countries. They are a significant
burden both for the patient and for public health. [4].

Hospital-acquired infections appeared before the origination of hospitals and became a health
problem during the miraculous antibiotic era. Due to these infections, not only the costs but also
the use of antibiotics increased with an extended hospitalization. This resulted in elevated
morbidity and mortality. Studies conducted in different parts of the world show that in North
America and Europe 5%-10% of all hospitalizations result in nosocomial infections, while Latin
America, Sub-Saharan Africa and Asia show more than 40% hospitalizations with nosocomial
infections [5].  Nosocomial infections (NIs) are one of the major causes of mortality and
morbidity in the pediatric wards and neonatal intensive care units (NICUs) [6]. They have an
impact on the healthcare system as they increase the use of medical resources, duration of

hospitalization, as well as cost of treatment in both developed and developing countries[7].



As a pressing threat to international health, antimicrobial resistance is of increasing importance.
Resistance to antimicrobials threatens nearly a century of gains made since the discovery of
antibiotics. It also undermines the contribution of these drugs to improvements in childhood
survival in the developing world, particularly among neonates[8]. Antimicrobial resistance has
been reported in both community-acquired and health-care associated infections worldwide.
However, in low and middle-income countries, surveillance is often inconsistent because of
insufficient integration and non-representativeness of local data, and scarce microbiological
diagnostic facilities[9]. In clinics and hospitals, scarce diagnostic resources and consequent
therapy based on clinical syndromes also drive antibiotic consumption, which is a key factor in
promotion of resistance. Syndromic management is a sensitive (rather than specific) method for

serious bacterial infections, therefore, likely to capture viral, parasitic, and self-limiting illnesses

9.

Hospital acquired infections are caused by many microbes and each one can cause infection in
healthcare settings. Bacteria are responsible for about 90% HAIs, whereas protozoans, fungi,
viruses and mycobacteria are less contributing compared to bacterial infections[10]. The agents
that are usually involved in hospital-acquired infections include Streptococcus spp.,
Acinetobacter spp., Enterococci, Pseudomonas aeruginosa (P. aeruginosa), coagulase-negative
staphylococci, Staphylococcus aureus (S. aureus), Bacillus cereus (B. cereus), Legionella and
Enterobacteriaceae family members including Proteus mirablis, Klebsiella pneumonia (K.
pneumonia), Escherichia coli (E. coli), Serratia marcescens. Out of these Enterococci, P.

aeruginosa, S. aureus and E. coli have a major role[10].

The predisposing factors for hospital acquired infections may be due to ordinary risks or peculiar
to the environment of a hospital, and both intrinsic and extrinsic factors play an important role in
the development of nosocomial infections. They include the duration of hospitalization, type of
ward, underlying disease, medical procedures and devices, antimicrobial therapy and negligence
of laid down hygienic and sanitary procedures. The widespread and indiscriminate use of
antibiotics has a selective pressure which gradually replaces antibiotic sensitive strains with
those resistant to multiple antibiotics. Such strains are resistant to normal concentrations of
disinfectants commonly used in the hospitals. The emergent antimicrobial resistant strains are

commonly involved in the causation of nosocomial infections[11]. Ethiopia is also among the



developing countries where the impact of HAI in causing morbidity and mortality is very
significant.

1.2 Statement of the Problem

According to the World Health Organization (WHO), hospital acquired infections are one of the
major infectious diseases and have a huge economic impact worldwide. These infections affect
about 2 million people annually resulting in 5-15% of them requiring hospitalization. In addition,
a WHO study conducted in 55 hospitals of 14 countries representing four WHO Regions
(Europe, Eastern Mediterranean, South-East Asia and Western Pacific) showed that an average
of 8.7% of hospitalized patients contracted nosocomial infections with the highest frequencies
noted from patients in the South-East Asian and Eastern Mediterranean Regions (10.0 and
11.8%) respectively[12]. However, the prevalence of Healthcare Associated Infections in
developing countries varied from 5.7% to 19.1%. In line with this, various prevalence rates have
been recorded for the following countries: Mongolia 5.4%, Latvia 5.7%, Thailand 6.5%,
Lebanon 6.8%, Indonesia 7.1%, Cuba 7.3%, Islamic Republic of Iran 8.8%, Lithuania 9.2%, and
Albania 19.1%[12].

The above reports suggest that HAI infections are widespread in sub Saharan Africa with
surgical sites being the most common. The prevalence rates of the infections reported varied
between 2.5% - 14.8% in Burkina Faso, United Republic of Tanzania and Senegal[13]. The
peak report is the finding of 5.7-45.8% in Nigeria and Ethiopia[14,15] with the former having
an incidence as high as 45.8% . However, reliable estimates of the global burden are hampered
by a paucity of data adequately describing endemic infections at national and regional levels,
particularly in resource-limited settings[16]. In countries where less than 5% of the gross
national product is spent on health care, and workforce density is less than five per 1000
population, other emerging health problems and diseases take priority[17]. The epidemiological
gap leading to the absence of reliable estimates of the global burden is mainly because
surveillance of Hospital acquired infections expends time and resources and needs expertise in
study design, data collection, analysis, and interpretation[18].

Generally, the above data suggest that not only risks of hospital acquired infection are
significantly higher in developing countries but also that the effect on patients and health-care
systems is severe and greatly underestimated. In Ethiopia there is limited data on hospital

acquired infection of under five children[29]. But there are some patchy information available in
3



some part of the country, some on neonatal intensive care the others on surgical site infections.
In addition to this there is no updated or current information on HAI. Therefore, this study

provided comprehensive (neonates plus under five children) and updated information on HAL.

1.3. Significance of the study

The study was carried out to gain insight concerning incidence of hospital acquired infection,
pathogens involved, associated risk factors and antibiotic susceptibility pattern of bacterial
pathogens among under five children. The patient’s benefit from the study because more
intensive investigations were done which have allowed detecting and treating an infection earlier
than otherwise. Hospital acquired infections are important in wide-ranging concern in the
medical field. The benefit for the patient was being part of this study which helps to create safe
hospital environment for the patient and the community as a whole. The finding of this study will
be used by the hospital administration and pediatric unit to enhance infection control and for
planning. This study generated data on HAI infection in children that will serve as additional
information for further studies and to develop prevention interventions by policy makers/
stakeholders. The finding of antimicrobial susceptibility pattern helps to choose appropriate

antibiotic for empiric treatment.



2. Literature Review

2.1. Epidemiology of hospital acquired infection

Over 1.4 million people worldwide suffer from HAI at any given time. Hospital wide prevalence
of HAI varies from 5.7% to 19.1%, with a pooled prevalence of 10.1%[19].On the same report,
in developed countries, HAI concerns 5-15% of hospitalized patients and can affect 9-37% of
those admitted to intensive care units. Recent studies conducted in Europe reported hospital-

wide prevalence rates of patients affected by HAI ranging from 4.6% to 9.3%][20].

In another review conducted in 1149 hospitals in European Union Member states, from 29
countries data for 17 273 children and adolescents were analyzed. From them 770 health-care-
associated infections(pathogens) were reported in 726 children and adolescents, corresponding to
a prevalence of 4-2% (95% CI 3-7-4-8)[20]. Apart from this, a meta-analysis done in Southeast
Asia has shown that the burden of Healthcare-Associated Infections in a pooled prevalence of
overall HAIs was 9.0% (95% CI, 7.2 -10.8)[21]. In another prospective HAI surveillance
conducted in Cambodian pediatric hospital the incidence of HAI was 4.6/1,000 patient-days
(95% confidence interval 3.8-5.6) and rates were highest amongst neonates[22]. In another
study on the targeted surveillance of nosocomial infection in intensive care units of 177 hospitals
in Jiangsu Province of China, the incidence of NI appeared to decrease, and the incidence of NI
per 1000 patient-days and adjusted incidence were 25.63%o0 and 7.41%o in 2010, and 9.73%o and
2.76%o in 2015, respectively [23].

In a systematic review conducted in Iranian burn patients it was shown that the overall incidence
of HAI was 20.9%[24].Systematic review of literatures from different African countries revealed
that the hospital-wide prevalence of HAI in Africa varied between 2.5% and 14.8%; in surgical
wards, the cumulative incidence ranged from 5.7% to 45.8%][25]. In point prevalence survey
conducted in Morocco the prevalence of HAI was 10.3%. Intensive care units were the most
affected wards (34.5%)[26].In addition to those a prospective cohort study conducted in Egypt,
has shown that 38.5% developed NI [27]. In similar study conducted in Egypt the overall rate of
HAI was 5.2/100 admissions [28]. In Ethiopia, according to a case control study done on 111
cases from pediatrics wards of Tikur Anbessa Hospital Nosocomial infection rate was 5 per 100
discharges[29].



2.2. Etiologic agents involved in hospital acquired infection

In a review of Hospital-Acquired Infections in united states of America the most commonly
incriminated pathogens that cause HAIs were Methicillin-resistant Staphylococcus aureus
(MRSA), Clostridium difficile, and vancomycin-resistant Enterococcus (VRE)[30].In a similar
review study conducted in 1149 hospitals in European Union Member states, from 29
countries,392 microorganisms were reported for 342 health-care-associated infections, with
Enterobacteriaceae being the most frequently found (113 [15%])[20].In another study on the
targeted surveillance of nosocomial infection in intensive care units of 177 hospitals in Jiangsu
Province of China, the six most common pathogen-caused NIs found were Acinetobacter
baumannii, K pneumoniae, P aeruginosa, S aureus, Candida albicans, and Escherichia coli (E.
coli)[23].

According to a systematic review conducted on literatures of Iranian burn patients, the most
common prominent isolates were P aeruginosa(30.39%), K pneumonia (17.54%),
Acinetobacter(17.47%), and S aureus(14.98%) with high antibiotic resistance isolated from the
cultures of different sites of infections including burn wound[24]. In a similar study conducted
on literatures from different African countries, the isolated pathogens, by order of decreasing
frequency, were Pseudomonas aeruginosa, Escherichia coli, K. pneumoniae and Enterobacter
spp. Another study reported Enterobacter cloacae as the most common pathogen followed by E.
coli, S. aureus sand P. aeruginosa[25]. In the same article, report on HAI cumulative incidence
in surgical patients showed the following distribution: K. pneumoniae(38.7%); E. coli (22.7%);
P. aeruginosa(16.8%) and S. aureus(10.7%).

In a point prevalence survey conducted in Morocco Staphylococcus was the organism most
commonly isolated (18.7%)[26].In another cross-sectional study conducted in Tanzania a wide
range of bacteria was isolated, the most predominant being gram-negative bacteria: Proteus spp.
(n = 48, 12.7%), Escherichia coli (n = 44, 11.7%), Pseudomonas spp. (n = 40, 10.6%) and
Klebsiella spp (n = 38, 10.1%)[31].In addition to those, a prospective cohort study conducted in
Egypt identified that most of the infections were caused by Klebsiella spp (34.2%), S. aureus
(26.1%), P. aeruginosa (14.9%), E. coli (11.2%), Proteus spp (7.4%), group B Streptococcus
(3.7%), and C. diversus (2.5%).)[27]. Lastly, in a case control study done on 111 cases from
pediatrics wards of Tikur Anbessa Hospital Ethiopia,14 different type of bacteria were found. E



coli, Klebsiella pneumoniae and pseudomonas species were the most frequently isolated
organisms[29].

2.3. Predisposing factors for hospital acquired infection

The use of instrumentation or devices for intubation, delivery of therapeutic agents, or drainage
of body fluids during patient care as supportive measures has been identified as important
predisposing factors to HAIs in United States of America. According to this review study most
are device-related infections, i.e. catheter associated urinary tract infections, vascular catheter
associated infections, and ventilator-associated pneumonias. Unlike other hospital-acquired
infections, device-related infections are linked directly to medical care[30]. In a similar review
study conducted in 1149 hospitals from 29 countries of European Union Member states,
bloodstream infections were the most common type of infection (343 [45%]), followed by lower
respiratory tract infections (171 [22%]), gastrointestinal infections (64 [8%]), eye, ear, nose, and
throat infections (55 [7%]), urinary tract infections (37 [5%]), and surgical-site infections (34
[4%]). The prevalence of infections was highest in paediatric intensive care units (15-5%, 95%
Cl 11-6-20-3) and neonatal intensive care units (10-7%, 9-0-12-7). Independent risk factors for
infection were age younger than 12 months, prolonged length of stay, and the use of invasive

medical devices[20].

In a meta-analysis conducted in Southeast Asia the pooled incidence density of ventilator-
associated pneumonia, central line—associated bloodstream infection, and catheter-associated
urinary tract infection was 14.7 per 1000 ventilator-days (95% CI, 11.7-17.7), 4.7 per 1000
catheter-days (95% CI, 2.9-6.5), and 8.9 per 1000 catheter-days (95% CI, 6.2-11.7),
respectively[21].A targeted surveillance of nosocomial infection in intensive care units of 177
hospitals in Jiangsu Province of China, have identified central line-associated bloodstream
infection, catheter-associated urinary tract infection, and ventilator-associated pneumonia (VAP)

as predisposing factors, though overall incidence is decreased over time [23].

Moreover, according to a prospective cohort study conducted in Egypt, low birth weight (LBW)
and prematurity were reported to be important risk factors for NI[27].In a similar study
conducted in Egypt mechanical ventilation, invasive device utilization, neonatal age,
neutropenia, Intensive Care Unit residence and hospital stay for > 7 days were the commonest
risk factors significantly associated with HAI in that hospital[28].Age less than one year,

7



malnutrition, admission to orthopedics unit, peripheral intravenous line and prolonged
hospitalization were significantly associated with nosocomial infection as per a case control
study done on 111 cases from pediatrics wards of Tikur Anbessa Specialized Hospital, Ethiopia,
[29].

2.4. Antimicrobial susceptibility of pathogens isolated from hospital acquired infection

Antimicrobial resistance (AMR) is becoming a serious global threat and HAIs are among major
contributors. For example, according to surveillance of nosocomial infection in intensive care
units of 177 hospitals in Jiangsu Province of China, the isolation rate of carbapenem-resistant
gram-negative bacilli were as follows: carbapenem-resistant Acenetobactor bounboi 80.53%,
carbapenem-resistant Pseudomonas aroginosa 39.94%, carbapenem-resistant Kelbsiela
pneumonia 24.86%, and carbapenem-resistant E. coli 9.23%. The isolation rate of methicillin-
resistant S. aureus(MRSA) was 66.30%[23]. In another prospective HAI surveillance conducted
in Cambodian pediatric hospital the resistance to third generation cephalosporins was common,
supporting the use of more expensive carbapenem drugs empirically in HAI cases[22].

In a prospective cohort study conducted in Egypt, all of the isolated bacteria were resistant by
100.0% for Cefotaxime. While all bacteria were sensitive by 100.0% to Imipenem except
Klebsiella spp(78.2%) and S. aureus (24.8%)[27].A point prevalence survey conducted in
Morocco has shown that methicillin-resistant was detected in 50% of cases [26]. In another
cross-sectional study conducted in Tanzania all Staphylococcus aureus tested were resistant to
penicillin (n = 22, 100%) while susceptible to vancomycin. Significant resistance to
cephalosporins such as cefazolin (n = 62, 72.9%), ceftriaxone (n = 44, 51.8%) and ceftazidime (n
= 40, 37.4%) was observed in Gram-negative bacteria, as well as resistance to cefoxitin (n = 6,
27.3%) in S. aureus[31].In Ethiopia, a case control study done on 111 cases from pediatrics
wards of TikurAnbessaHospital Ethiopia, reported that the resistance to ampicillin was 91.9% |,

gentamycin 67.2%, ceftriaxone 50%, norfloxacin18.3%, and ciprofloxacin 15.4%[29].

Taken together, the above reviews show that the prevalence of HAI varied according to the
resource availability(developed versus developing countries). And the etiologic factors,
antibiotic susceptibility pattern and the risk factors also varied according to the study area or
country. With the increasing trend of antibiotic resistance, which is a global public health threat,
there is a need to monitor the magnitude of HAIs and sensitivity pattern of the identified
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microorganisms and provide data for hospital managers and policy makers for appropriate

action. The pediatric age group especially the neonatal group is less investigated in our country,

necessitating for such studies to filling the gaps.

2.5. Conceptual framework
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3. Objectives
3.1. General objective:

To determine the incidence of hospital acquired infections, antimicrobial drug resistance patterns
and associated risk factors among under five children attending Yekatit 12 Hospital Medical
College, Addis Ababa Ethiopia, from January 2018 to April 2018.

3.2. Specific objectives

» To determine the incidence of hospital acquired infections ,

A\ 4

To assess the bacterial profiles associated with HAI among under five children
» To determine antibiotic resistance patterns of pathogens involved in HAI among
under five children

» To determine the associated risk factors for hospital acquired infection
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4. Hypothesis

The prevalence of nososcominal infections in under 5 years pediatric population and associated
etiologic factors are the same with the finding of study conducted in Tikur Anbesa Hospital

Ethiopia.
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5. Materials and methods
5.1. Study area

The study was conducted in Yekatit 12 hospital medical college, Addis Ababa, Ethiopia. The
hospital is a teaching Hospital managed by Addis Ababa City Administrative Health Bureau. It
is located in Arada Sub-City of City Government of Addis Ababa. The Hospital is established in
1915 with a total of 25 beds and 37 health professionals. According to the data obtained from the
hospital, currently the hospital has 725 health professionals and 375 administrative staff with
around 272 beds and provides different medical services for around 4 million people. It is the
only hospital under the city Administrative Health Bureau of Addis Ababa with high number of
neonatal and pediatric beds and providing services for high number neonates and pediatric
patients. It is also the only hospital under the city Administrative Health Bureau of Addis
Ababa, where there are culture and drug susceptibility test services available. According to
current HIMS; pediatrics and NICU have totally 86 beds and have around 165 admissions per

month.
5.2. Study design and period

A prospective cohort study were carried out at the Neonatal Intensive Care Unit(NICU) and
pediatric wards of Yekatit 12 hospital medical college in Addis Ababa, Ethiopia, over a period
from January 2018 to April 2018.

5.3. Population
5.3.1. Source population

All clients who come to receive different medical services at the department of pediatrics and
Neonatal Intensive Care Unit(NICU) of Yekatit 12 hospital medical college.

5.3.2. Study Population

All infants delivered in the department of obstetrics and gynecology and admitted to NICU, and
those under five children referred to Yekatit 12 Hospital Medical College for admission and full

filling the eligibility criteria were the study population.
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5.4. Inclusion and exclusion criteria

5.4.1. Inclusion criteria

The criteria include under five children without any sign of infection at admission and remained
hospitalized for at least 48 hours at Berla pediatric 111, NICU, septic ward and other wards(eg.

Burn, psychiatry, Berla pediatric Unit I1).

5.4.2. Exclusion criteria

Children who used antibiotic before 10 days and or during data collection as well as any neonate

who died or discharged before 48 h were excluded.
5.5. Study variables
5.5.1. Dependent variables

¢ Incidence of hospital acquired infections(HAI)
e Bacterial profiles associated with hospital acquired infections

e Drug susceptibility patterns of the pathogens
5.5.2. Independent variables:

e Socio-demographic variables such as age. sex, ... etc

e Feeding behavior and weight of the child

e Device utilization

e Reason of admission

e Admission wards

e Antibiotic consumption

e Use of different instruments ( catheter, central lines, respiratory support ,
canulla etc, surgery, previous hospitalization

e Complete blood count

e C-reactive proteins

13



5.6. Sample size calculation and Sampling method
5.6.1. Sample size calculation

The sample size was calculated using the formula for single proportion sample size calculation
by taking a 95% confidence level and a 5% margin of error [32]. And proportion or prevalence
form previous study which is 5% was 73 which are very small. Therefore, in this study we
included all pediatric patients admitted to pediatric wards, NICU and other wards who full fill

the inclusion criteria during the study period.

Based on the information from HIMS, the hospital has 165 admissions in a month, and the
sample collection time was four months. Form this we have an estimated sample size of 660 of
total admission. From this according to inclusion criteria the study subjects were selected.

5.6.2. Sampling Method

For this research convenient sampling technique was employed to collect samples within the

specified period in the above mentioned site.
5.7. Measurement and data collection
5.7.1. Data collection procedure
5.7.1.1. Socio-demographic factors, risk factors complete history

For socio-demographic factors, risk factors and complete history standard questionnaires were
used. For neonate to detect any risk factors of infection either natal or postnatal factors were
assessed, the variables included were admission date, gestational age, birth weight, and sex.
Complete obstetric history to detect risk factors of sepsis such as: mode of delivery, and
symptoms of sepsis as lethargy and poor feeding. In addition to antibiotic administration and
medical devices used (endotracheal tube/mechanical ventilation, central venous catheter, urinary
catheter, peripheral arterial/venous catheter, and feeding tube), data on secondary bacteriemia,

antimicrobials prescribed were collected.
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5.7.1.2. Clinical examinations

The complete clinical assessment were carried out to all study participants in the units by
neonatologist( for neonates)and pediatricians (in different pediatric wards) on duty, and standard
data collection form were filled. Birth weight was measured in addition to clinical assessment for
signs of sepsis such as: respiratory dysfunction (apnea, signs of respiratory distress), circulatory
dysfunction (poor peripheral circulation, hypotension, and prolonged capillary refill), Gastro
Intestinal Tract dysfunction (abdominal distension, feeding intolerance, hepatomegaly and

jaundice) and neurological dysfunction (irritability, hypotonia, lethargy).

5.7.2. Laboratory methods

5.7.2.1. Laboratory method selection

All study participants admitted to the units(pediatric ward and neonatal intensive care) were
subjected to the following investigations at the time of admission to exclude infection: complete
blood count (CBC), C-reactive protein(CRP), blood and urine culture. On the third day of
admission, all of the studied participants were re-evaluated clinically to detect nosocomial
infection. Blood specimens were collected and bacteriological studies were done for participants
in which infection is suspected clinically including: full blood count, C-reactive protein,
microbiological confirmation of diagnosis by: blood culture, culture of other specimens
(according to the site of infection), urine, pus and tracheal aspirate cultures were added when
needed. Cerebro spinal fluid (CSF) culture was performed in all participants who have clinical
signs of meningitis or bacterial growth in blood culture. Specimens also were collected from
different medical equipments or supplies and environment utilized to care for the study
participants to determine risk factors. All specimens were cultured on specific media for

identification of the organism and antibiotic susceptibility.

5.7.2.2. Sample collection

Aseptic techniques were employed during collection of all samples to prevent the introduction of
micro-organisms into the patient’s anatomical space, and to prevent the sample from being
contaminated during the process of collection. All samples were regarded as potentially
infectious and standard precautions guidelines were followed by all healthcare workers during

sample collection and handling. Specimens were collected before administering antimicrobial
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agents when possible with as little contamination from indigenous flora. Appropriate collection
devices, sterile equipment were utilized, and aseptic technique was followed to collect
specimens. All swabs were kept moist in a normal saline after the specimen is collected. As the
specimens were inoculated immediately no transport medium was used .The specimen container
was clearly labeled with code. Generally, 3-5ml blood(3ml for culturing(in brain heart infusion
broth(Oxoid, UK)) and 2ml (in EDTA tube)for CBC and CRP) was collected (refer annex 1X)
for amount of blood collected from neonates which is based on the weight of the children. And
1-10ml urine, swabs from different body sites and equipments(environment or medical devices)
different types of body fluids amount not less than 1ml were collected. The specimen source
and/or specific site were identified correctly so that proper culture media were selected during
processing in the Laboratory. All specimens were transported to the laboratory promptly. This
ensures the survival and isolation of fastidious organisms and prevents overgrowth by more
hardy bacteria. It also shortens the duration of specimen contact with some local anesthetics used
in collection procedures that may have antibacterial activity.

5.7.2.3. Isolation and identification of bacteria

The collected specimens were transported to the laboratory as quick as possible. Based on the
sample type appropriate media were selected(for blood culture 30ml brain heart infusion, as
primary and sub-cultured on chocolate agar, blood agar, and MacConkey agar; for swabs of
different types blood agar, and MacConkey agar and manitol salt agar, for urine culture blood
agar, and MacConkey agar, for different body fluids chocolate agar, blood agar, and MacConkey
agar and stool cultured on Deoxycholate citrate agar and MacConkey agar). All the culture
media were from Oxoid UK. Then after, the samples were inoculated on to the appropriate
medium and incubated at 35 °C -37°C overnight. The principal method for the detection of
bacteria from clinical specimens is by culture on solid culture media. Bacteria grow on the
surface of culture media to produce distinct colonies. Different bacteria produce different but
characteristic colonies, allowing for early presumptive identification and easy identification of
mixed cultures. Bacteria can also be grown in liquid media (broth). Bacterial growth is easy to
detect as the clear liquid turns turbid, usually within 24-48 hr, but incubation was extended to 7
days, within seven days turbidity and hemolysis observed, for those with hemolysis and turbidity
subcultured and gram stain performed, then based on type of colony identification carried out
[36].
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Identification of bacteria

Identification of bacteria was based on growth characteristics (such as the time required for
growth to appear or the atmosphere in which growth occurs), colony and microscopic
morphology, Grams reaction, battery of biochemical, physiologic, and, in some instances,

serologic characteristics[36].

Interpretation of culture results

For Staphylococcus species : Catalase , Coagulase, DNAse were performed and interpreted

according to flow chart(Annex VII).

For gram negative bacteria: Oxidase, carbohydrate utilization test(on Kiligler iron agar), indole
test on nutrient broth, mannitol fermentation test, decarboxylation on lysine iron agar, citrate
utilization on Simon’s citrate agar, motility test, and urea utilization test were performed and

interpreted according to flow chart(Annex VI).

5.7.2.4. Antibiotic susceptibility testing(AST)

The AST test was performed by Kirby Bauer test which is a qualitative assay. Once isolated
colonies are available from an organism that has been identified as a potential pathogen, the
following steps followed; colonies selected, inoculums suspension prepared in saline, inoculums
suspension standardized(turbidity measured by densitometer(0.5MF)), allow a Mueller-Hinton
Agar (MHA) plate to warm to room temperature so that any excess moisture will be absorbed
into the medium. Inoculated on plate, antimicrobial disks added, plate incubated(16-18hours),
inhibition zones measured[38].
Interpretation of AST
1. Zone of inhibition interpreted in-comparison with the break points in the standard (CLSI
guideline 2017)[37].
2. Measuring Unusual Zones: i. Double zone: the innermost zone measured
ii. Interpreting Zone with Feathered Edge: Measure the point at which an obvious
demarcation between growth and no growth.
iii. Swarming due to Proteus mirabilis: Measure the obvious zone. Ignore the swarm even if
it covers the zone. measuring unusual zones adopted from manual of antimicrobial
susceptibility testing[38].
17



Antibiotics tested for gram negative organisms

Tablel. Showing antibiotics tested for of Gram negative bacterial pathogens

Antibiotic Concentration(ng) Antibiotic Concentration(ug)  Antibiotic Concentration(pg
Ampicilin 10 Cefoftaxim 30 Cefuroxim 30
Gentamycin 10 Ceftriazone 30 Chloramphenicol 30
Augmentin 10/20 Cefepim 30 Ciprofloxacilin 5
Norfloxacilin 10 Aztronam 30 Nitrofurantoin 300
Tobramacin 10 Ceftazidime 30 Cefixim 5
Amikacin 30 Cotrimoxazol 1.25/23.75 Meropenem 10
Imipenem 10 Doxycycline 30

Antibiotics tested for gram positive organisms

Table 2. Showing antibiotics tested of Gram positive bacterial pathogens

Antibiotic Concentration Antibiotic Concentration(ug) Antibiotic Concentration(pg)
Penicillin 10 Erythromycin 15 Augmentin 10/20
Nitrofurantoin 300 Cotrimoxazol 1.25/23.75 Ceftazidim 30
Vancomycin 30 Gentamycin 10 Cefuroxime 30
Ceftriazone 30 Cefotaxime 30 Azitromycin 30
Cefoxitin 30 Clindamycin 2 Amoxilin 10
Ampicilin 10 Tobramacin 10
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5.7.2.5. Detection of Carbapenem Resistance

All the carbapenem (meropenem and imepenem) resistant or intermediate isolates were checked
for the presence of carbapenemase using modified Hodges test(MHT) also known as the clover
leaf test as per the CLSI 2017. The presence of indentation indicates a positive test and the
isolate is a carbapenemase producing strain. No growth of the ATCC E.coli 25922 along the

organism growth streak indicates a negative test and the isolate is not carbapenemase producer.
5.7.2.6. Detection of extended spectrum beta-lactamase

Initial screening for extended spectrum beta-lactamase(ESBL) was done by the diameter of
zones of inhibition produced by ceftazidime(30ug) , ceftriaxone(30ug) and cefotaxime (30uQg)
are the screening criteria within the CLSI 2017. These breakpoints are indicative of ESBL
production is: for CAZ < 20mm, CRO<25mm and CTX< 27mm.

5.7.2.7 Confirmation tests for ESBL
5.7.2.7.1 Combined disk test

In this test ceftazidime (30ug) disk and cefotaxime (30ug) disk were used alone and their
combination with clavulanic acid(30ug). An increase of zone of inhibition > 5mm for either of
the disks mentioned above and their combination were interpreted as ESBL producer. This
screening test was used for comparing double disk synergy method.
5.7.2.7.2 Double disk synergy test

The organism tested was spread on to a Mueller-Hinton agar plate. The antibiotic disks used
are  ceftriaxone(30pg), cefotaxim(30ug)  ceftazidime(30pg), Aztronam(30ug) and
amoxillin/clavunilic acid (20/10pg). The four antibiotics were placed at a distance of 20mm
from amoxillin/clavunilic acid disk which is placed at the center. After 24 hr incubation
enhanced zone of inhibition observed for either of the antibiotics and amoxillin/clavunilic acid

were observed, and the test is positive.
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5.7.2.8 Subsidiary tests

5.7.2.8.1 Complete blood count

Complete hematological parameters including Diff, WBC, RBC, and PLT were performed using
Abbott Hematology Analyzer CELL-DYN ®1800(Abbott, USA). The Cell-DYN 1800 System is
a bench-top analyzer consisting of the main analyzer with data module, display station and with
external printer. The main analyzer and display station are housed in a single chassis. The
instrument is open system, equipped to aspirate blood from collection tube that is opened and
held under the open aspiration. Four independent measurements are performed by the analyzer:
WBC, RBC, and PLT measured in electrical impedance channel and hemoglobin measured by

spectrophotometer. Finally, differential data are measured in the optical flow channel [39].

During each measurement cycle, the sample is aspirated, diluted and mixed, and the
measurement for each parameter is performed. 30ul of EDTA blood was aspirated by the
instrument, and diluted in the respective counting plates (WBC and RBC counting plates).The
instrument automatically, counts the WBC, RBC, PLT, WBC differential and measures
hemoglobin concentration. The result for patient is displayed on the screen and data is recorded
automatically[39].

5.7.2.8.2 C-reactive protein

The C - reactive protein test contains a suspension of polystyrene latex particles which have been
coated with antibody to human C-reactive protein. The CRP produced in response to
inflammation or necrosis binds to the specific antibody coating the latex particles. In specimens
having abnormally high levels of CRP, this binding is evident by rapid agglutination of the
latex[40]. Agglutination (positive reaction) indicates the level of C-reactive protein is above
normal (approximately 1.0mg/dl or greater). The lack of agglutination (negative reaction)

indicates the level of C-reactive protein is within the normal range [40].
5.8. Data and laboratory Quality Assurance

The reliability of study findings is guaranteed by implementing quality control measures

throughout the whole process of data collection and laboratory works.
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5.8.1. Data collection tool

A standardized questionnaire was used to collect data of socio-demographic characteristics for
determining the prevalence of HAI. Laboratory samples of urine, sputum, wound swabs; fecal
specimens, throat swabs, nasal swabs, and blood samples were collected. Medical records and
consultation with the person in charge of the patient is the gold standard for the identification of
the infection. Data were collected based on the signs and symptoms and the specific site criteria,
as recommended by CDC [33].

5.8.2. Pre-analytical

The processes of selecting appropriate tests, ordering, collecting, identifying and labeling(three
label system i.e PID, CODE, LSN), handling, and transporting biological samples were
performed as per the standard guideline at each ward. The Process of accepting samples by the
laboratory, centrifuging, aliquoting, diluting, and sorting the biological samples all the process of
pre-analytical steps were performed according to standard operating procedure. Aseptic
techniques were implemented in all the steps of specimen collection and inoculation on to culture

media to minimize contamination.
5.8.3. Analytical

All materials equipment and procedures were adequately controlled. All culture media was
prepared according to the direction of the manufacturer. Culture media was tested for sterility
and performance. Sterility of media was checked by incubating overnight at 37°c. Performance
of MaConkey agar plate and blood agar plate was tested using the control strains E.coli ATCC
25922, P.mirables ATCC 35659, and S aureus ATCC 25923, S. pneumonia(patient strain);
respectively. International control bacterial strains: Escherichia coli(ATCC 25922), S.aureus
(ATCC 25923), Pseudomonas aeroginosa(ATCC27853) were used in controlling the potency of
the drugs. For biochemical test media, the media were inoculated with bacterial species of known
positive and negative reactions. Moreover; culture growth, biochemical test and antimicrobial
susceptibility test results were confirmed by specially trained experienced microbiologists

working in the microbiology unit of the study site.
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5.8.4. Post-analytical

All of the extracted information (filled questionnaire and laboratory findings) were checked for
legibility, completeness, consistency and placed in secure location. Cross-checking and data
cleaning were done. During data cleaning and cross-checking missing information was obtained
by going back to the questionnaire and laboratory records. The data were stored in a CD as a
backup. All laboratory isolates were stored as per the SOP of the study site.

5.9. Data analyses and interpretation

Data was entered into computer by using Microsoft Access (office 2007). Frequency and
percentages were computed to present all categorical variables including sex, hospital acquired
infections and type pathogens involved. Data were analyzed using SPSS (the Statistical package
for Social Sciences for Windows) version 23. Descriptive statistics such as count, percent, mean
and standard deviation were used for children, maternal characteristic, admission diagnosis and
manipulations were done for these patients. Multivariate analysis was performed for risk factors
associated with HAI such as longer length of hospital stay, presence of comorbidity, invasive
devices and antibiotic use. Chi square test were performed and P value less than 0.05 was used

to determine significance levels and strength of associations.
5.10. Ethical considerations

Ethical clearance was obtained from Departmental Research and Ethics Review
Committee(DRERC) of the department of Medical Laboratory Sciences of Addis Ababa
University and from Addis Ababa Public Health Research and Emergency Management Core
process. Permission was obtained from Yekatit 12 Hospital Medical College. The purpose and
procedure of the study was explained to the parents or guardian of the study participants in the
study site. Those who agreed to participate were asked to sign consent form. Written and
informed consent were obtained. All needed official permissions were obtained. In addition the
clinical specimens collected during the study period were used only for the stated objectives. For
the participants found to have significant bacterial isolates, results were sent to the responsible
clinician as soon as possible. The confidentiality of the information collected was maintained by

using code numbers for participants.
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5.11. Dissemination of the result

The findings of this study are forwarded to Department of Medical laboratory Sciences, School
of Allied Health Sciences, College of Health Sciences Addis Ababa University. The findings will
be communicated to Addis Ababa city administration health bureau and Yekatit 12 hospital
medical college. The findings will also be presented in different conferences and manuscript

will be sent to peer reviewed journals for publication.

5.12. Operational definitions

Hospital acquired infections (HAI): is defined as a localized or systemic condition that results
from an adverse reaction to the presence of an infectious agent(s) or its toxin(s) and occurring 48

hours or more after hospital admission that was not incubating at the time of admission [34].
Multiple drug resistance (MDR):

In this study it is defined as the resistance of bacteria to multiple antimicrobial agents, classes
or subclasses of antimicrobial agents i.e. resistance to at least to one antibiotic in three antibiotics

class or sub classes[35].
Under five children

A young human being whose age ranges from date of birth to 59 months.
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6. Results

6.1. Sociodemographic and clinical characteristics

Total admission during the study period(from January 2018 to April 2018 ) were 720 patients
(340 neonates in neonatal intensive care unit(NICU), 200 children in Berla pediatric unit and 180
neonates were in neonatal septic ward. The initial diagnosis during admission were analyzed and
is shown in the following graph(Figure 2).From this figure it was shown that the most common
admission diagnosis were sepsis (early or late), pneumonia and meningitis and hence were
excluded from the study based on the study criteria. Therefore, out of the 720 admitted children,
435 children fulfill the study criteria and were included in the study. Accordingly, the socio-

demographic characteristics of the selected children are summarized in Table 3.
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Fig 2. Admission diagnosis for the sampled children at Yekatit 12 Hospital Medical College

from January to April, 2018
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Out of the 435children, 255(58.7%) were males and 180(41.3%) were females giving a male to
female ratio of 1.41:1. From the 435 participants 259 were neonates and the remaining 176 were
children age between 21days and 5 years. When analyzed by the admission wards, from neonatal
intensive care unit (NICU) 152 neonates, neonatal ward (septic ward)107 neonates and in Berla
pediatric unit III(BPCIII) 176 children who fulfill the study criteria were admitted.

The gestational age for the 258 neonates were as follows, preterm birth 27.1 %, term birth
51.6%, and post term birth were 21.3%. For neonates mode of delivery 85.3 %(220) were
through spontaneous vaginal delivery and the remaining 14.7%(38) were through cesarean
section(CS). Regarding weight of the neonates, 32.8 %(84)were low birth weight and the
remaining 67.2%(172) were normal(Table 3).

The device utilization and duration among all study participants were also presented in table 3.
As can be seen from the table, from 435 study participants devices which come to direct contact
to their body were not used only in 72cases. The commonest device being used was intravascular
line (IVL)(used by 291patients) followed by IVL and mechanical respirator combination used by
78 patients. The frequent device utilization duration was 2-4 day(194 patients) followed by 5-8
day duration by 116 patients.
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Table 3. Characteristics of studied neonates and under five children at Yekatit 12 Hospital
Medical College, January-April, 2018 (n=435)

Characteristics Categories No Percent
Gender Male 255 58.6
Female 180 41.4
Gestational age Preterm(<37wks) 133 51.5*
Term(37-39eks) 70 27.1%
Post term(>39wks) 55 21.4*
Mode of delivery SVD** 220 85.3*
(for neonates only) Cesarean section 38 14.7*
Birth weight LBW (<2.5kg) 84 32.6*
(for neonates only) Normal wt(> 2.5kQ) 172 66.4*
Average length of Culture negative 7.6(in days) 915
hospital stay Culture positive 13.7(in days) 8.5
Device used No device 72 14.3
IVL 291 66.9
IVL And Respirator 78 17.9
Respirator 4 9
Duration of device Only1 day 25 5.7
utilization 2-4 days 194 44.6
5-8 days 116 26.7
Greater or equal to 9 28 6.4
days

*The percentage is among neonates ~ **SVD spontaneous vaginal delivery

6.2 Bacteriological findings of the under five children associated with HAI results

A total of 435 blood specimens, 366 urine, 50 cerebrospinal fluid, 10 wound swabs, 22 sputum
and 56 stool samples were cultured. Over all 3.9% of the cultured specimens had positive growth
after overnight incubation: these were 0.2% of wound swabs(n=2 cultures) and 3.7% of blood
samples (n = 34).We obtained a total of 37 bacterial isolates. There was a wide range of bacterial
isolates, the majority being Gram-negative isolates, with Klebsiella spp(n = 19,), Enterobacter

species(n =4), Acinetobacter spp(n=3), Pseudomonas spp (n = 1) and Citrobacter spp(n=3),
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being predominant, together accounting for 30 (81% of all pathogens isolated). Among Gram-
positive only S. aureus were isolated(n=7).

The overall incidence of hospital acquired infections (HAI) in this study was 8.5%(infections
among 37 participants). K. pneumoniae was the highest isolate 4.4% (19 patients) followed by
S.aureus 1.6%(7patientes infected). Of them, 12 isolates of K. pneumonia (out of 19) found in
male participants and the remaining 7 K. pneumoniae(out of 19) were isolated from female
participants. Out of the seven isolates of S. aureus, five were detected in males and two in
females. Of the three detected Acinetobactor species, two were in males and one in female, only
one P aeroginosa detected and it was in female. Of the four Enterobacter species detected two
each were in male and female, and of the three Citrobacter species detected one was in male and

two in female.

In this study, nine K. pneumoniae isolated from NICU, 5 from BPCIII, and 5 from septic ward,
out of seven S. aureus2 from NICU, 4 from BPCIII, and 1 from septic ward, Acinetobactor
species three only in BPC Ill, Enterobacter species2 from NICU, one from BPCIII and one from
septic ward, P aeroginosa only 1 from BPCIII, Citrobacter species(3 isolates)2 from NICU and
1 from septic ward. From this we can conclude that most of the pathogens were isolated from
neonates. In newborns with low birth weight, 9/19 K.pneumonia, 2/4 Enterobacter species were
detected but the other pathogens were not occurred. But more than two third of the pathogens

occurred in newborns with normal weight (Table 4).

Table 4. Bacterial profiles associated with HAI among neonates and under five children at
Yekatit 12 Hospital Medical College January-April, 2018

Pathogens Frequency Percent
K pneumonia 19 4.4
S. aureus 7 1.6
Acinetobactor species 3 0.7
Enterobactor species 4 0.9
P.aeroginosa 1 0.2
Citrobactor species 3 0.7
Total 37 8.5

27



6.3. Hematological and CRP profile of study participants in relation to bacterial profile

The laboratory profile of the study participants were presented in table 4. The average white
blood cell count was 12.7cells/fmm?3, RBC 4.67milion cells/mm?3, platelet 268cells /mm? and
mean hemoglobin was 14gm/dl. Among 21 patients with low RBC only two were infected(1 K.
pneumonia the other Citrobacter species), with low WBC count only two were infected(1 K.
pneumonia the other Citrobacter species), with low platelet count five were infected(2K.
pneumonia, two with S.aureus and one with Citrobacter species), with low hemoglobin
concentration 8 were infected(3K. pneumonia, 2S.aureus, 1Acinetobacterpecies, 1 Enterobacter
species, andl1Citrobacter species). But all hematological profiles did not have statistically
significant association(P value at 95%Cl for WBC 0.17, RBC 0.998, Platelet 0.45, and
Hemoglobin 0.27). Most of the participants also fall within acceptable normal range for all the
parameters mentioned. Most participants were negative for C-reactive protein (CRP) 87.6%, and
the remaining 12.4% were positive. Except 1 K. pneumoniaand two S.aureus infections the rest
happened in C-reactive protein positive patients (34/37 total isolates).C-reactive protein positive
were statistically significant in patients with culture positive results(p value at 95%CI were
0.001)(Table 5).
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Table 5.Selected hematological and C-reactive protein profiles of neonates and under five
children at Yekatit 12 Hospital Medical College, January-April, 2018 (n=435)

Characteristics Frequency Percent
Hemoglobin Less than 11gm/dl 73 16.8
Greater or equal to 11gm/dl 362 83.2
<5000cells/mm? 17 3.9
White blood cell 5000-10000cells/mm? 249 57.2
>10000 cells/mm? 169 38.9
<3.8 million cells/mm? 22 4.8
Red blood cell 3.8-5 million cells/mm3 346 79.5
>5 million cells/mm? 67 15.4
<150000 cells/mm?3 59 13.6
Platelet 150000-300000cells/mm? 272 62.5
>300000cells/mm? 104 23.9
C-reactive Non reactive 381 87.6
protein
Reactive 54 12.4

6.4 Frequency of prescribed antibiotics in the study period and AMR

6.4.1 Frequency of prescribed antibiotics in the study period

Of the 435 under five children, 101 (23.2%) children were not treated with antibiotics. Among
334 children treated with antibiotics, on average a single child had been treated with two

antibiotics. The details are shown in table 6. And the most frequently used antibiotics were
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ampcillin and gentamycin combination followed by ceftriaxone. But most of the antibiotics were

prescribed based on symptoms/signs without laboratory confirmation of the causative agent of

the disease. Though the rate of utilization was small all the costliest antibiotics like amikacin,

meropenum, augmentin were also prescribed without any confirmation of the pathogen as well as

whether the drug is susceptible or not to that particular condition of the patient(Table 6).

Table 6. Frequently prescribed antibiotics in the study period used to treat the participants at
Yekatit 12 Hospital Medical College, January-April, 2018

Antibiotics used
Ceftriaxone
AmpcilinCefotaxim
CeftriaxoneMetrondazole
Cefotaxim Ceftriaxone
Ampcilin Gentamycin
Ampcilin,CloxacillinCefotaxime
Ampcilin,Cefotaxime Gentamycin
Amoxacillin
Ceftriaxone, Gentamycin
Ampcilin
Cloxacillin
Others

No antibiotic

Frequency
43
27
7
12
144

14
12

49
101

Percent
9.9
6.2
1.6
2.8

33.1
11
3.2
2.8
11
2.1
1.6
11.3
23.2
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6.4.2 Antimicrobial Resistance pattern in the study period

Analysis of antimicrobial sensitivity pattern revealed that, there was high antimicrobial
resistance in bacterial isolates in this study; Klebsiella spp and Enterobacter Spp. exhibited
relatively high resistance to all drugs tested among Gram-negative isolates. Ampicillin resistance
was frequent among Klebsiella spp (n = 19, 100%), Enterobacter Spp. (n = 4, 100%),
AcinetobacterSpp(n=3, 100% ) and S. aureus(n=7,100%).Resistance to cefotaxim by
Klebsiellaspp, Enterobacter Spp., and Acinetobacter Spp.,was (n = 19, 94%), (n = 4,
100%),(n=3, 100%),respectively. Resistance to third-generation cephalosporins (ceftriaxone and
ceftazidime) was as well observed for Klebsiella spp (n = 19, 94.1% for both) Enterobacter Spp.
(n=4,94.1% &100%)and AcinetobacterSpp(n = 3, 100% for both).

Among the Gram-positive isolates, S. aureus was the only species, which demonstrated
detectable resistance to penicillin (n = 7, 100%), erythromycin (n = 7, 43%),trimethoprim-—
sulfamethoxazole (n = 7, 85.7%). As can also be seen from table 6 all pathogens have shown
100% resistance to ampcillin and more than 95% percent resistance to third generation
cephalosporins by the gram negative bacteria. But 100% sensitivity was demonstrated for
Amikacin. And all of the S. aureus isolates were sensitive to cefoxitin(suggesting that all were

sensitive to methicillin)(Table 7).
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Table 7.Antibioticresistance pattern of isolated pathogens from infected neonates and under-five
children at Yekatit 12 Hospital Medical College, January-April, 2018

Antibiotics

Amikacin
Ampcillin
Augmentin
Cefotaxim
Ceftazdim
Ceftriaxone
Ciprofloxacillin
Clindamycin
Cefoxitin
Erythromycin
Gentamycin
Meropenum
Penicillin
Tobramycin
Amoxacillin
SXT

Isolated pathogens and resistance in percent

K.pneumonia Saureus Acinetobactor Citrobactor  Enterobactor

None None None None None
100% 100% 100% 100% 100%
64.7% None 100% 33.3% 50%
94.1% None 100% None 100%
94.1% 100% 100% None 94.1%
94.1% None 100% None 100%
17.6% None 33.3% None 50%
NA None NA NA NA
NA None NA NA NA
NA 28.5% NA NA NA
17.6% NA None 33.3% 25%
5.9% NA 33.3% None 25%
NA 100% NA NA NA
29.4% NA 33.3% None 25%
100% 43% 100% 100% 100%
100% 85.7%  50% 100% 25%

P. aeroginosa

None
100%
100%
100%
100%
100%
None
NA

NA

NA

None
None
NA

None
100%
100%

Note: NA not applicable

6.5. Extended spectrum beta-lactamase(ESBL) and carbaphenemase producers

In this study out of a total 30Gram-negative bacterial isolates 80%(n=24) were ESBL positive as

screened by combined disk test and double disk synergy test. Regarding carbapenemase from all

Gram-negatives only 3.3%(n=1) were positive as tested by modified Hoges test.

6.6. Prevalence of methicillin resistant S. aureus(MRSA)

From a total of seven isolates of S. aureusnone were resistant to cefoxitin. This implies to all the

isolates were sensitive to methicillin(no MRSA detected).
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6.7. Prevalence of multiple drug resistance (MDR) bacteria

The details of the prevalence of multiple drug resistance is presented in table 8. As can be seen from
the table the high prevalence of MDR was seen among K.pneumoniae which is 100%, followed by

Acinetobactor species, in this case 2/3 were MDR ( Table 8).

Table 8.Prevalence of MDR among neonates and under-five children at Yekatit 12 Hospital Medical

College, January-April, 2018

Isolates Multiple drug resistance

Number Percent
K.pneumoniae

19 100%
S. aureus

3 42.9%
Acinetobactor species

2 66%
Enterobactor species

1 33.3%
P.aeroginosa

1 100%
Citrobactor species

1 33%

6.8. Findings from environmental samples

Environmental specimens were also analyzed from the respective wards where the children have
been treated for different medical conditions. Only E.coli were isolated from labor ward but there
were no pathogen isolated from different utensils such as incubator, Ozcylinders, respirators, suction
machines, irradiant warmer, water tank and the sink. But for neonatal intensive care unit analysis of
the whole environment performed including the floor and the air in addition to the utensils
mentioned above. In this ward different pathogenic bacteria isolates were identified and the detail
were described in table 9. From Berla pediatric unit(BPCII) only Enterobacter spp were identified

otherwise no pathogen was detected from other utensils (Table 9).
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Table 9. Types of isolates from environmental samples of neonatal and pediatric wards Yekatit 12

Hospital Medical College, January-April, 2018

Isolated Type of utensil /environment
pathogens Sink  Water Irradiant The floor  Suction Beds
tank warmer  air* machine
K.pneumonia v v v v No No No
S. aureus v No No No No No
E.coli v v No 4 4 No v
Acinetobactor v No No 4 4 No No
species
Enterobactor v No No 4 4 No No
spcies

Incubato  Oacyli

r

No

No

No

No

No

nders

No

No

No

No

No

Respira
tors
No
No
No

No

No

*by open plate technique

6.9. Hospital acquired infections with respect to admission wards

Rates of hospital acquired infections (HAIS) in different Pediatric wards and Units are presented

in table 10. As can be seen from the table, the highest positivity rate was seen in neonatal

intensive care unit(4.7%) followed by Berla pediatric unit(BPCIII) (3.8%) which was slightly

higher than Neonatal ward (septic ward)(3.6%) (Table 10).

Table 10. Rates of HAIs in different Pediatric wards and Units of Yekatit 12 Hospital Medical

College, January-April, 2018

Wards Total admission Infected patients Positive  cultures/Total
No. (%) No. (%) cultures(% of positive)

NICU 152(34.9) 15(9.9)** 4.7%*

Berla pediatrics 111 176(40.5) 14(8)** 3.8%*

Septic ward 107(24.6) 8(7.5)** 3.6%*

*positive cultures are computed from admitted patients at that ward.
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6.10. Hospital acquired infections with respect to sites of infection

Frequency of different sites of infection in various units were displayed in figure3 below. From the
figure it was shown that blood stream infection was the most frequent mode of infection in all of

the wards included in the study. There were no pathogens detected in urine (Figure .3)

40.00% -37.80%

32.40%
30.00% - 21600 m Blood Stream Infection
. 0
20.00% - (BS.I) ’ .
®m Urinary Tract Infection
1000% | 5.40%  (UTD
V70 0 Wound infections
000% I T T 1

NICU Neonatal BPCIII
ward

Fig 3. Frequency of different sites of infection in various units

6.11. Associated risk factors

The details of predisposing factors were shown in table 11. The possible risk factors assessed in
this study include gender, age, admission ward, invasive device utilization, hospital stay longer
than seven days, thrombocytopenia, leukocytosis, and leucopenia. None of the analyzed
presumed associated risk factors were statistically significant (Table 11). Apart from statistical
insignificance, the occurrence of HAIs in a presumed risk factors such as: admission ward (eg
NICU), age less than 28 days, invasive device utilization, hospital stay longer than seven days
still has relatively high incidence of HAISs.

With respect to device utilization all infections with K. pneumonia occurred in patients who have
Venous Intravascular catheter (IVL) and/or both IVL and patients put on tube mechanical
respirator similarly 5/7 S.aureus infections, all 3 by Acinetobacter species infections, 4
Enterobacter species infections were associated with device utilization. Concerning the duration
of device utilization most infections occurred in devices stayed between 2-8days(19K.
pneumonia,4/7S.aureus, 2/3Acinetobacter species infections, 4/4Enterobacter species

infections).
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Table 11. Risk factors related to the occurrence of infection among hospitalized children at
Yekatit 12 Hospital Medical College, January-April, 2018

Variables Category No nosocomial Nosocominal P value
infection (n(%)) Infection (n(%0))

Gender Male 234(91.4) 22(8.6) 0.951
Female 164(91.6) 15(8.4) 0.951
Age <28days 236(91.1) 23(8.9) 0.438
>28 days 162(92%) 14(8) 0.438
Wards/Units NICU 137(90) 15(10) 0.749
Septicward  99(92.5) 8(7.5) 0.749
BPCIII 162(92) 14(8) 0.749
Invasive device utilization Yes 330(90.9) 33(9.1) 0.721
No 105(98) 4(2) 0.721
1. Under weight No 73(87) 11(13) 0.88
Yes 163(94.8) 9(5.2) 0.86
Neonates 2. GA AGA 119(89.5) 14(10.5) 0.697
Preterm 64(91.4) 6(8.6) 0.686
Post term 52(94.5) 3(5.5) 0.709
3.Mode of delivery CS 35(92.1) 3(7.9) 0.907
SVvD 200(90.9) 20(9.1) 0.821
Hospital stay longer than 7 No 259(93.2) 19(6.9) 0.244
days Yes 139(88.5) 18(11.5) 0.244
Thrombocytopenia No 54(91.5) 5(8.5) 0.429
Yes 344(91.4) 32(8.6) 0.429
Leukocytosis No 244(91.7) 22(8.3) 0.846
Yes 154(91.1) 15(8.9) 0.846
Leucopenia No 383(91.6) 35(8.4) 0.846
Yes 15(88.2) 2(11.8) 0.846
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6.12. Outcomes of the under five children

Analysis of outcomes of the participants revealed that, from 435 study participants 91.3 % (397
participants) improved(cured), 7.6%(33participants died) and 1.1%(5 participants) were referred.
Among participants infected by K.pneumoniae, 11 out of 19 cured and the remaining eight died,

participants infected by S aureus all improved(Table 12).

Table 12.0utcomes of the under five children by bacterial profile at Yekatit 12 Hospital Medical
College, January-April, 2018

DISCHARGE Total
Pathogen IMPROVED DIED REFFER
K.pneumonia 11 8 0 19
S aureus 7 0 0 7
Acinetobactor species 3 0 0 3
Enterobactor species 4 0 0 4
P. aeroginosa 1 0 0 1
Citrobactor species 2 1 0 3
No pathogen 369 24 5 398
Total 397 33 5 435
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7. Discussion
7.1. Incidence of Hospital acquired infection

Yekatit 12 Hospital Medical College is a referral teaching hospital serving a catchment of
approximately 4 million people in Addis Ababa, the capital city of Ethiopia. The study aimed to
determine the incidence of Hospital acquired infections, antimicrobial drug resistance patterns
and associated risk factors among under five children who were admitted at NICU, neonatal

wards and Berla pediatric unit in this hospital.

In this study, the overall HAI incidence rate was 8.5%which is higher than what was found in
several countries in Europe, which reported HAI prevalence of 3.7-4.8%[20]. This may be due to
difference in practice of infection prevention and resource availability for infection prevention.
In our setup there is crippling shortage of resources for infection prevention and also poor
adherence to infection prevention practices[29]. However, this rate was comparable to that
reported in some developing countries such as Southeast Asia that showed the burden of
Healthcare-Associated Infections in a pooled prevalence to be 9.0% (95% confidence interval
[C1], 7.2-10.8)[21]. Similarly it is also comparable to the hospital-wide prevalence of HAI in
Africa(systematic review) which varied between 2.5% and 14.8%; in surgical wards, the

cumulative incidence ranged from 5.7% to 45.8%[25].

However, these comparisons are purely illustrative because the methods used (definitions and
types of HAI identified, methods of case finding, exclusion of imported HAI or not) and
hospitals, or patients included are different following the surveys. The high prevalence rate
found in the current study can be explained firstly by the absence of a national strategy to
prevent HAI in Ethiopian hospitals; and secondly by the highly developed healthcare systems
that teaching hospitals offer including invasive medical and surgical procedures. It should also be
noted that prevalence studies are certainly less expensive faster and easier to achieve, but the
results are subject to seasonal fluctuations and can sometimes coincide with epidemic peaks.

The overall incidence of 20.9% of HAIs found in Iranian burn patients [24] is very high as
compared to the finding of this research. And this may be due to the methodology deference
between this study and the Iranian study, as the Iranian study considered only burn patients
which have high probability to acquire nosocominal pathogens. The finding of this research is

also lower than that of the finding in Morocco which was 10.3%[26]. This difference may be

38



explained by difference in methodology as theirs is based on point prevalence. In addition to
those, the overall rate of HAI in Egypt was 5.2/100 admissions [28] which is lower than the
finding of this research which may be due to difference in the setup and study population.
Finally, the incidence of HAIs in this research is higher than the finding at Tikur Anbessa
Specialized Hospital, which reported nosocomial infection rate of 5 per 100 discharges [29]. This
may be due to the difference in methodology (case control), the time or season of the year the

research was conducted.

The most affected ward in the current study was NICU. This finding is consistent with the
finding in Morocco [26]and can be explained by the frequency of severe disease occurring in
NICU, the prescription of broad spectrum antibiotics and also use of devices and invasive
procedures. This study identified two main sites of HAI: blood stream infection and wound
infection (burn wound).These sites are the most frequently reported in prevalence surveys [21,
23].

7.2. Bacterial etiology associated with HAI
The culture results revealed a higher positive growth rate on blood specimens (n =34, 7.8%),
compared to others. Both gram-negative and positive species were observed. These findings are
in agreement with other studies in 29 countries of Europe where most of etiologic agents
incriminated with hospital acquired infections tend to be gram-negatives(Enterobacteriacie) and
gram positive species with a variety of bacterial pathogens [20]. Similarly in China Jiangsu
province gram-negative bacterial pathogens were the most frequently encountered[23]. The
bacterial spectrum observed from this study showed a high diversity of gram-negative bacilli
such as Klebsiella spp (4.4%), Enterobacter species(0.9%) and Acinetobacter Species(0.7%),
with Staphylococcus aureus (1.6%)being the only gram-positive isolate. The majority of these
gram-negative bacilli were from blood stream infections rather than from other disease
conditions. This predominantly gram-negative infection pattern, as also observed in other studies
[24, 25, 26,27,29, 31], is different from that most commonly reported from North America[30].
The reasons for this are not entirely known, but the suggested reasons could be difference in
geographical location and climate. The present findings do, however, emphasize that we cannot
use knowledge obtained in North America directly for clinical care and empirical treatment in
sub-Saharan Africa. In Morocco Staphylococcus was the organism most commonly isolated
(18.7%)[26]. This has some similarity with North America but different from the current finding.
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For this there is no clear explanation but difference in methodology(point prevalence), so the

finding may be coincidence.

7.3. Antimicrobial susceptibility patterns

Proper identification and determination of antimicrobial resistance of the bacterial pathogens is
crucial to help physicians to provide proper treatment promptly. In addition to this, prudent use
is essential in controlling antimicrobial resistance, which has now become one of the major

challenges for medical progress.

The most frequently used drugs were Ampcillin 36.74%, gentamycine 29.5%, cefotaxim 9.9%,
ceftriaxone (11.5%),metronidazole (2.7%), cloxacillin (3.8%) all were used mostly in
combination with other antibiotics. Along with this, the observed resistance patterns of all
bacterial isolates tested on drugs such as amikacin showed no resistance, whereas, ampicillin
100%, augmentin 69.6%, cefotaxim 98.5%, ceftazidme 97.4%, ceftriaxone 98.5%,
ciprofloxacillin 33.6%, Erythromycin 43%, gentamycin 25.3%, penicillin 100%, amoxacillin
100%, cotrimoxazole 100%, but all of S. aureus isolates were sensitive to cefoxitin. The finding
is different from other study conducted in Ethiopia which indicated resistance of ampicillin was
91.9%, gentamycin 67.2%, ceftriaxone 50%, norfloxacin 18.3%, and ciprofloxacin 15.4%[29].
This deference may be due the deference in the type of pathogens isolated, in our study
Klebsiella spp were common but on study at Tikur Anbesa specialized Hospital, the common

pathogen were E.coli which is most sensitive than Klebsiellaspp[41].

Of note, the most commonly ordered antibiotics like ampicillin was 100% resisted by all
identified isolates, both gram negatives and gram positives. As ceftriaxone is a third-generation
cephalosporin, it is expected that its use to be controlled, yet it was the most commonly used
drug. Moreover, convincing percentages of resistant strains of Klebsiella species to first and
third-generations of cephalosporins have been broadly noted, more than 90%. Staphylococcus
aureus was the predominant species among gram-positive isolates. It accounted for no observed
resistances to cefoxitin but has shown high resistance to other antibiotics such as penicillin,
erythromycin, and trimethoprim-sulfamethoxazole. Cefoxitin sensitivity is different from other
studies [22, 23, 26, 27], this may be due to in this study the number of isolates are very small

which may have led to failure to detect the resistance.
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The MDR rates in this study for gram negative pathogens were 83%, ESBL 80%, and
carbapenemase were 3.3%. The MDR rate is higher than the finding at Tikur Anbesa Specialized
hospital(73.9% for gram negative) this difference may be due method(post operation wound) and
the type and number of isolates(few in this study)[42]. The ESBL found in this study were higher
than the finding in Gondar Referal Hospital(average ESBL 25%). This difference is may be due
to the variety of isolates, in this study K. pneumoniae common but in Gondar Referral Hospital
E.coli were common[43]. The finding of ESBL from neonates and children(average 94%) in
Ethiopia is higher than the finding of this study these may be due to the difference in the method
and the number of isolates[44].

7.4. Predisposing factors

Predisposing factors of HAIs identified in other studies such as from United States of
America[30], review studies in 29 European Union Member states[20] were use of
instrumentation or devices for intubation, delivery of therapeutic agents, prolonged length of
stay, and admission in Intensive care units, and age younger than 12months. Also the main risk
factor in Southeast Asia [21], and Jiangsu Province of China[23] were similar to that reported
elsewhere. But these study findings were completely different from the result of this study. But
in this study the risk factors were admission ward, invasive device utilization, hospital stay
longer than seven days, were not statistically significant risk factors. This difference may be due
to irrespective of the clinical diagnosis the admitted patients may be placed into any of the
antibiotics including third generation cephalosporines. This prevents the possibility of acquiring

infections irrespective of the conditions around the patients.

It is better to keep in mind that though the findings were statistically insignificant, the occurrence
of HAIs in the mentioned risk factors in this study was still higher. In another study conducted in
Egypt, low birth weight (LBW), mechanical ventilation, invasive device utilization, neonatal age,
neutropenia, Intensive Care Unit residence and hospital stay for > 7 days were the risk factors
significantly associated with HALI in that hospital. Prematurity were reported to be important risk
factors for HAI[27]. As mentioned above these risk factors were not found in this study. These
differences may be due to the reasons stated above or other reasons this study cannot explain.

Even in study done in Tikur Anbessa Specialized Hospital Ethiopia, age less than one year,
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malnutrition, admission to orthopedics unit, peripheral intravenous line and prolonged
hospitalization were significantly associated with nosocomial infection[29]. This is different than
the finding of this study, which may be due to the same reason mentioned earlier. This implies
that the requirement to establish and capacitate microbiology laboratory to detect anaerobic
bacteria which are highly associated with hospital acquired infections and extensive
investigations to identify predisposing factors.
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8. Strengths of the study

> In this study more than 200 neonates were included which were very difficult to find
specimen of different types.

» This study identified the prevalence of ESBL and carbapenemase which is risk for
availability of antibiotic options.

» This study tried to observe hematological profile in association with hospital acquired
infection though not associated statistically

» This study also tried to identify nosocominal pathogens from different equipments and
hospital environment

9. Limitation of the study

This study did not detect hospital acquired viral, parasitic, fungal and anaerobic bacterial
pathogens.
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10. Conclusion and recommendations

The study has revealed a wide range of causative agents, with an alarming rate of resistance to
the commonly used antimicrobial agents. Furthermore, the bacterial spectrum differs from those
observed in high-income countries. Ultimately, the prevalence of HAI was high(8.5%) in Yekatit
12 Hospital Medical College, Addis Ababa, Ethiopia. This study represents basic information for
future monitoring of HAI. Based on our findings the following recommendations were

forwarded:

e Enhancement of basic microbiology services and quality control of antimicrobial
susceptibility testing will be beneficial for obtaining valid and reliable HAI surveillance
information. Availability of published data will increase awareness among health
authorities and may be used to engage policymakers to prioritize infection prevention and
control. This will lead to better funding opportunities for prevention and control
programs.

e Itis necessary to review the current infection control practices in all hospitals particularly
hospital with high workloads. The training and retraining of health care givers on
principles of infection control is strongly recommended.

e Strengthen collaborations and linkages between national health institutions and other
major health facilities in the areas of nosocomial infections prevention, control and
surveillance.

e Since it is well understood that preventive medicine is superior to curative medicine,
health personnel have no excuse of allowing hospitals to be health hazard areas by
harboring pathogens. However, in the event that an outbreak occurs, the source(s) of
infection such as hospital personnel, patients or inanimate objects, such as water, air,
beddings, surfaces and food should be identified and the pathogen eliminated. Thus,
continuous monitoring of HAI and their drug resistance pattern is recommended.

e The bacterial profiles associated with HAI among under five children in this study varied,
but the finding is not exhaustive. Therefore, we recommend exhaustive bacterial
identification associated with HAI including anaerobic once.

e The antibiotic resistance patterns of pathogens involved in HAI among under five
children were very high including ESBL and carbapenems, therefore we recommend
utilization of antibiotics based on sensitivity data rather than syndromic approaches.
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Annex I. General information for the study participants (English version)

Introduction

My name is and | am MSc student of Addis Ababa University, School
of Medical Laboratory Sciences. | am doing research entitled Hospital acquired infections,
antimicrobial drug resistance patterns and associated risk factors among under five
children. With advances in health care system, threat to Hospital Acquired Infections (HAIS)
still remains. Currently HAIs continue to affect hospitalized patients and results in morbidity,
mortality and additional costs as different study indicates. So this study will indicate Yekatit 12
hospital Medical College patients HAI, commonly isolated bacteria, antimicrobial drug
resistance patterns and associated risk factors.

What is the reason of this study? The objective of this research is to study hospital acquired
infections, antimicrobial drug resistance patterns and associated risk factors among under five
children. If you agree to participate in the study, about 8ml blood for culturing, CBC, and CRP
test drawn, 10-20ml urine will be collected for urine culture, different swabs and body fluids will
taken as per the standard. Additionally some clinical information will be extracted from your log
book(card).

Will the information be confidential? All the data obtained will be kept confidential by placing
in looked rooms/ cabinets, only the study personnel will have accesses to the files. Anonymous
testing will be undertaken, that means samples will be coded and positive results will not be
identified by names.

What are the costs? All the investigations performed for the participants of this study will be

free of charge.

What about compensation? You will not be compensated for your participation in this study
but the patient may benefit from the study because more intensive investigations will be done

which may allow detecting and treating an infection earlier than otherwise.

What about my rights to decline participation or withdraw from the study?
Your participation in this study is purely voluntary, and you may stop the participation or you

may refuse to answer some of the questions if you feel uncomfortable. You are free to participate
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in this study or you can withdraw your consent anytime, which will not incur/involve any penalty
or loss of benefits to which you are entitled.

What about the harm which may happen in the study?

This research involves several tests that are done routinely in this hospital. There are no major
risks. The swabs, blood draw and some body fluids (if collected) may cause some slight
discomfort but otherwise will cause the patient no harm.

Assurance of the principal investigator

| put my signature below to confirm you that | take over the responsibility for the scientific
ethical and technical conduct of the research project and for provision of reports for all
stakeholders of the research project.

Zerihun Woldesenbet(Pl): signature Date

Note: if you have any questions about this study, feel free to ask now or anytime throughout the
study by contacting:

Pl Address: Zerihun Woldesenbet: Department of Medical Laboratory Sciences, College of
Health Sciences, Addis Ababa University, Addis Ababa Ethiopia.

E-mail: Zooloozudi@gmail.com: Tele: +251913141480

Annex I1. Information sheet (Amharic version)

e, e

neg, NA&N ANN RLACHE NMT ALTN NAE N8 NnA

AN FIPUCT NEA TNTLT 894 +92 NPT N5 904 NFF NPE AET AL NUNTHA
Pam. Pt NAFPT : ATL6R +PALT: ANAFAL PTRPIAM INAPTT +PHLT ATRLULT
PATM, IPAR AL JOCICC ANG-AU:: NAUF @PT PPNTHA ATAIAT HARGP NP9
NPATFA P99 Pt NAFPTF PNIF 96 TFM:: 2UIR Ui NPATHA Pag -hae- yaoagyy
AAA NAZFT 9oF NARSLTID NAL AN Mepe Ya>aq Ty AL 80 NN DTHF +£I1Mm A
NAHU 2U mq+ NNt 12 PNTHA B8NA hAE AL PAMY Ui ATIPF 2285 A:

Phg+k R Pt
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PG+ AAT N5 9@t NFF AP AT ALT NPATHA PLLH NAFPTF : ATsne +PNHP7:
ANASF®, PP IAM: AINAPTT +PALT AR LULT PATM. JPAR AL 1M NHHTRa™ NH Y
TFT AL AA+TE (PLT NP ML 8MA, ALT® MAM +PALT JRLARLET MMELT AT
B9® &Mei CRP P+HNA TE+1Y aeaecaece AT N5-107A, AT ARTT @A +PALY
JRLARLS MMEP LAMA: NPNT PACLTT £AR NHAPR PACLTT N&EAT AR ADAE £FAA:
NtenTIZ AT87L LEPT NNCS. AL ADASB £FAK:

gk MANEPIT

PHI1Tm a8 A MNDERTT NTRAL A&EA DL AT MAD NMAPdRRH emg+ NANT
NF AT8LTTM L2LIA: NFPCARE MPF P+HAP D& NAPMPIR P+HARLTLM, NTP ATS L FDP
ATNANAAY::

Phep 782

NG+ AL NN+ AL AT LT UATR ALYTF PANGTL FRCORLPTF e NASEP 19 UF
N+aes.amsm, LALSA:

PahhA 188

NG+ AL NATA+4 FoT9D @ L5F aNNA A P7RIR ¥1C 917 Ya™a9% NaQ /1M, MAS JoLan.
NAF@ N1H +75¢AF NEMTF 2 FNana::

hag+ AL PAA+EST PARIAA AN F 188

RCAO NG+ AL P+A+4T aoh NA-A N SLAYF AR PHRAL+ 1M AAHU ACH NTIFF M9
A%t NGk AL doA+E P FAN: PACRA+EIE AONTP jMI ATRTE MPPPT
hA@RF+ PACRARARGD aONF AAPF: RUT NMELAP 290 ALYTF $MF APANTANPFIE
e TF PaRINPEY AR 116 APAMTD::

has+ oC e+ 201 +38% KR 188
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2U MTF NPATHA @AD PTAG N FRCARLPTFT PhEFds PR P+APR 0P
NONS NMATMO. et PAMRAFF NN+ I°T9° ALIYT Phé 81 NMa+ PhTP+
AE2NNATIR::

Pt+aR LM im. ML 7 6b,

AL NNC £CTMPTY PR M-+ ALTAR Me+T NTNLTN N+TRA PAN ATLTNYLS PMT+T
C7CF ATLAANFFM@ NALCA ANAT ATRTPCAN NLCTIP AL IIMAL:

HCUT @ALATINT(PT +aPLTRL): &L ¢

M FOA: NANT+ TITDID M PR NAPT NTRPMAD AL A 19 PID. £MLtT:

PPT +LTE AL AT HOUT @ARATNTF: NASN ANN RLACALT PG ALTIN NAEIPUNIRT

ANGTE TIRUCT N&EAI ABN ANN ATEAP: A A: Zooloozudi@gmail.com: NAR:
+251913141480

Annex I11. Consent form for parents/guardians(English version)

| have been informed about the study which plans to determine Hospital acquired infections
antimicrobial drug resistance patterns and associated risk factors among under five attending
Yekatit 12 Hospital Medical College, Addis Ababa Ethiopia. The objective and the application
of the study were briefly explained to me. | have been well informed of my right to refuse
information, decline to cooperate and dropout of the study if | want and none of my actions will

have any bearing at all on my child’s overall health care.

It is therefore with full understanding of the situation that | agreed to give the informed consent
voluntarily to the researcher to give my child’s blood, urine swab and other body fluids for
mentioned study. | agreed that the specimen would be tested for bacterial pathogens, CBC and
CRP. I have had the opportunity to ask questions about the project and received clarifications to
my satisfaction in a language | understand. | was also informed that the findings of the sample
will be given to the health facility and that | may ask the information if I want.

If literate
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Print name of participant, date and signature or thumb impression of participant
/ / (dd/mmlyy)

If illiterate;
Print name of independent literate witness, date and signature of witness (if possible, this person

should be selected by the participant and should have no connection to the research team)

I (dd/mmiyy)

Print name of researcher, date and signature of researcher
/ / (dd/mmlyy)

Participant code
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Annex V. Consent form for parents/guardians(Amharic version)

Nent+ 12 PATHA “@8hA hAE h5 ot NFF NP ART AL hPATHA P9 Pt
NAFPF : Afe +PNPY: ANAFM. PARLIAM. MINAPTT +PNPY AMEULT PATM,
gRAR AL NATLRZIM. JRCIRC Nd dBZE ATFAU: PG+ AAMIST A+INNC NAPM
TIAPATA: NMG+H AL PACHNNCE PACRA+ES N+HA+ENT NBA PaYE/m adNt A18A%
T &FAFE Rp NAGANNZ 9oRTPF 990 ALTH NEA NABT MG AL AYRMLCANT
+142454: NAHU PAQLY Uridr OANT +LEF NOh £2R71F A8 NG+ AL NTA+E
PUMGRHEMY/PY PR §OGT (74 AT PLID GG P+APR PS8 AR L ARG P+APR
PAMLTT MAM LARTY NHMPRU TH PARAM aBPYT £ SLF BIPYT AZIIMAU: PHDAST
Ga-GPFGe Ad-A £9° Mi (LACT LIRS NAF ATPe +PALTT Adedecancy
+PALF ATEYTE PATFMY OAR ATIDSP AU AME TATITRFAU: MPEPTYT PA9PLA
R84 ATRFAL MPEOIR AL NTRL8M. £7E NINM +APANATA: NHUT® Nhenie PTO-G P
.M+ AUNIRT +Ra™ AT2MAMD +1905A NAHU 28T NNEATY TH M7+ ATLMF4A
AP PAL:

m9g PMEFA hUPT eMT AALPT PFH4AT

nge +7 &4

a9q PFA NPT NPT ¢ 64 M. 2L CO™

nge +7 &4

P+dns.mMim. N9RT &L
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P+AFLm e
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Annex V. Questionnaires

1. Details of the person who filled in this questionnaire

Name

Title/position

Contact numbers: Telephone Fax

Note: If you have given your contact details on another questionnaire, just give your name

2. Interview Data collection techniques use
2.1.  Patient detail information

Date of survey:

Age: Sex: M F

Region: Zone: Wereda: Kebele:

Patient code:

2.2. Patient reason of admission information

Type of admission: O Elective O Emergency

Other, what is it?

Date of admission: Date: Time:

Diagnosis of Admission:

2.3.  Patient recent admission history before admitted in the hospital

Has the patient transferred (Referred)? O Yes O No, if no go to section 3

If yes from which facility? O Health center O Government Hospital (O Private Hosp

If yes, How long stay there?

3. Observational Data collection techniques use
3.1.  Patient admission ward Information

Which ward has the Patient admitted?

O Emergency O NICU O Neonatal OBPClI O BPC
ward Il

Ward number: Bed number:
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3.2. Additional Neonatal information

3.2.1. Birth weight

3.2.2. Gestational age

3.2.3. Obstetric history
A. Mode of delivery

4.1.

B. Symptoms of sepsis as lethargy and poor feeding.

4. Use medical records to fill the following question
Medical risk factor(Comorbid) of the patient(Medical records)

What medical risk factor has the patient have? Circle one or more of the risk factor that are listed below.

OO0 O O 000O0

Major trauma O malnourished O  Vascular disease
Obesity O  Peptic ulcer disease O  HIVIAIDS
Renal disease O  Mild liver disease O  Rheumatologic disease
COPD O  Moderate or severe liver (O  Diabetes without chronic
disease complications
Diabetes with chronic O  Dementia QO  Immunological and
complications Hematological disease
Congestive heart failure QO  Peripheral vascular QO  Cerebrovascular disease
disease
Myocardial infarction O Other(state) Allergic :........
@) QO  Other immunosuppression
Any malignancy, QO  Metastatic solid tumor QO  Other(state)
including leukemia and
lymphoma
4.2.  Patient therapy information
Has the patient taking any therapy? O  Yes O No,

What type of therapy has the patient taking?

O  Ssteroid What?1, for how long?
What?2, for how long?
What?3, for how long?
O NSAID What?1, for how long?
What?2, for how long?
QO chemotropic(cytotoxic) What?1, for how long?
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What?2, for how long?

What?3, forhowlong?
O Antibiotics What?1, forhowlong?
What?2, forhowlong?
What?3, forhowlong?

4.3. Patient Medical care device use

Has the patient use any medical care device? O | Yes QO No, if no go to section 6.3

If yes, what type of device used?

Date of Time | Date of Time | Average
device device date
procedure procedure

start: termination

Suprabubic catheter

urethral catheter

venous intravascular catheter
arterial intravascular catheter
central intravascular catheter

tube ventilator(Respirator)

OO0 0O0OO0O0O0O0

mask ventilator(Respirator)

Other, what type is it, write
here

4.4.  Surgical or non-surgical wound cleaning or dressing information

Date of cleaning start = Frequency cleaning Dressing or cleaning
termination Date

Surgical site
cleaning or dressing

Has the patient undergoes any form of surgery? O Yes O No,ifno go to section 4.5

If yes, what type of surgery? Write here the type of surgery served
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4.5. Health care device provider (health professional) information

Who provide the health care device service to the patient?

O  Senior doctors O Nursing/midwives students

O  Resident medical staff @) Allied health professionals

O Medical students O Health care assistants or equivalent
O Nurses/midwives

5. Clinical evaluation data collection technique use
5.1.  Patient infection information after 48 hours admission and above.

Has the patient develop infection? QO  Yes O No, if no go to next section

If yes, what type of infection has the patient developed?

O |ssl 7 | superficial infections O un(_jer the skin, organs, | - E_;one and Joipt
or implanted material (including spine)

O | Pneumonia [ | Ventilator associated |[J | None VAP

O |uTl O With urethral catheter | — | Without indwelling
device

O | Septicemia O Meningitides = Gl. infection |

If other than the list , write here:

Has the patient non-surgical break in the skin? O  Yes O No

If yes, what type of skin break has?

O Vascular ulcer O Diabeticulcer |[O Other (OPressure sore

O Vascular pressure If other, what:

Date and time of infection diagnosed: Date: Time:
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6. Laboratory result Data collection

6.1.  Microbiology laboratory Result

What type of sample collected for Diagnosis?

O Woundswab O  Sputum O Midstream O Blood O csF O stool
Urine
O Earswab O  Pleural fluid O Suprapubic O Pericardia O Ascites
Urine | fluid Auid
ui

O Eyeswab O Throatswab O Catheter urine

O Urethral O  Vaginal swab
swab

7. Use Medical records to fill the following information
7.1.  Prescribed patient antibiotic

Has the patient been prescribed antibiotic O Yes O No
If yes, what type of antibiotic 1
prescribed?
2
3
Rout of administration PO v IM ID Annals

If no, write the reason

7.2.  Patient discharge or expired information

Date of discharge Time of
discharge

Reasoned of
discharge or expired
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Annex VI. Flow chart for identification of Gram negative bacteria




Annex VII. Flow chart for identification of Gram positive bacteria

Gram(+) cocci

Negative ——— Catalase————— positive
Stasphylococci Streptococci
| |
(+) — Coagulase/MSA —— (-) alpha— haemolysis(BAP) — gama
S.aureus CoNS (-)— |opt/ BST— (+) beta

Enterococci/other o hemolytric sttep.  S. pneu}‘nonia

Sensitive— Baciteracln — Resistant
4/
Group A(S. pyogenes )

(+)— CAMP test — (-)

Group B Enterocci/other GD
(S. agalactie) (non enterococci)

(+) —Esculin/PYR _ <
o

\

Enterococci Group D(non enterococci)
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Annex VIII. Simplified criteria for surveillance of hospital acquired infection

Type of hospital acquired

infection

Simplified criteria

Surgical site infection

Any purulent discharge, abscess, or spreading cellulitis at the

surgical site during the month after the operation

Urinary infection

Positive urine culture(1 or 2 species) with at least

105 bacteria/ml, with or without clinical symptoms

Respiratory infection

Respiratory symptoms with at least two of the following signs
appearing during hospitalization: — cough— purulent sputum —
new infiltrate on chest radiograph consistent with infection

Vascular catheter Inflammation

lymphangitis or infection purulent discharge at the insertion

site of the catheter

Septicaemia

Fever or rigors and at least one positive blood culture

Note: the table sited from WHO 2002

Annex I1X. Recommended Volumes of Blood for Culture in Pediatric Patients

Weight of | Total Patient Recommended Volume | Blood Volume for | Total volume of
Patient Blood VVolume of Blood for Culture other tests blood collected
(kg) (mL) (mL)
(mL) (ML)

<2

50-99 2 1 3
2.1-12.7

>200 3 2 5
12.8-36.3

>800 4 4 8

Note: The table sited from a guide to utilization of the microbiology laboratory for diagnosis of

infectious diseases[36]
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