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Abstract: Nosocomial infections are one of the major causes of morbidity and mortality in neonatal intensive
care units (NICUs). This study aimed to determine the rate of nosocomial infection in the NICUs, to identify the
commonest infections and isolates and to assess the length of stay (LOS) in NICUs and death rate. A
prospective cohort recruited 300 neonates admitted in NICUs, Al-Azhar university hospital, Cairo, Egypt. Swabs
were taken from the studied neonates at time of admission and after appearance of any symptoms or signs
denoting presence of infection 48 hours after their admission. Bacterial identification was done by Gram-stain,
morphology and the special bio typing tests. The data were recorded and analyzed using appropriate statistical
methods. The nosocomial infection rate in NICUs was 20% (CI= 18%-22%). The highest rate of infection was
in very low birth weight infants. Pneumonia and blood stream infections were the most common type of
infection (32.9 and 26.8% respectively), while meningitis was the least (1.2%). The most common isolates in all
studied cases was S. aureus (34.1%). The death rate was significantly higher among infected neonates (37 vs
5.4%; p<.0001) and the mean LOS in NICU was also significantly higher among them. The main risk factors were
very low and low birth weight, gestational age  38 weeks and length of central venous line. Nosocomial
infections represented a considerable rate in the studied neonates with high mortality rates. Very low and low
birth weight, gestational age and length of central venous line are important risk factors in such infections. 
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INTRODUCTION infection. Furthermore, the rate of infection has been

Nosocomial infections are one of the most important birth weight [4, 5]. Nosocomial infections may not only be
causes of mortality and morbidity in hospitals; particularly related to the patient’s primary disease process, but also
in developing countries [1]. Hospital acquired infections directly related to actions of health care workers [6-8]. The
continue to be a serious complication of hospitalization. first national survey of nosocomial infections in US
The Center for Disease Control and Prevention (CDC) NICUs showed that the prevalent use of therapeutic
reported that nosocomial infection rates within US interventions, not only emphasized the intensity of care
hospitals increased by 37%  from  1975  to  1995 at a cost required by the population, but also was associated with
of over 4.5 billion dollars in health care [2]. infections [7]. The most common intervention associated

Nosocomial infections have common frequency in with infection was the use of central intravascular
pediatrics wards and represent one of the major causes of catheters.
morbidity in the neonatal intensive care units (NICUs) [3]. Although nosocomial infections have long been
Known risk factors including birth weight, gestational recognized as a major problem in NICUs [3], it has not
age, severity of illness and its related length of hospital been until recently that these data have been documented
stay and instrumentation are implicated in nosocomial in  the  literature  and the data from developing countries

found to increase with decreasing gestational age and
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were few. Overall infection rates range from 8.9 to 62 All data analyses were performed by using Statistical
infections per 1,000 patient day or 6 to 25% of the NICU
population [6-9]. As would be expected, the greatest
variation is related to site-specific infection rates by birth
weight. The current study aimed to determine the
nosocomial infection rate in neonates who have been
admitted to NICU in one of the developing countries
(Egypt), to identify the commonest organisms implicated
in such infections and to assess the outcome, in terms of
length of NICU stay and mortality.

MATERIALS AND METHODS

The present observational prospective study was
conducted in NICU in Al-Azhar University Hospital
(Egypt). The study recruited 300 neonates (130 male and
170 female), of age ranging from 1 to 28 days and who
were admitted to NICU with medical or surgical pathology
in the studied hospital in the period from June 2012 to
January 2013. Before the beginning of the study the
medical personnel were investigated for any nasal or skin
flora and the environment was also studied for any
contaminant that may affect the research. All neonates
were fulfilling the study criteria with gestational age
ranging from 28 to 40 weeks, birth weight ranging from 1.0
to 3.8 kg and with no any symptoms or signs of infection
at time of admission and their parents accepted to
participate in the study research. For every neonate,
personal data was taken including age, sex, date of birth,
perinatal and family history. Assessment of gestational
age, anthropometric measurements, vital signs, clinical
assessment for early diagnosis of neonatal sepsis and
regional examination (Skin, head, eye, mouth, genitalia and
anus) were also recorded. Swabs were taken from
neonates once admitted to the NICU and after appearance
of any symptoms or signs denoting presence of infection.
Infections appeared after 48 hours of admission were the
subject of this study and samples were taken according to
the site of infection. If bacteraemia was suspected, a
blood sample was drawn. Swabs were directly inoculated
into transport medium (Thioglycolate broth) and
transported to the laboratory within two hours. For every
sample, blood, chocolate and MacConkey media were
inoculated and incubated aerobically at 37 C for up to 72
hours. Blood culture was also done for every newborn
suspected to be bacteraemic for up to two weeks and
subculture was done every other day on blood, chocolate
and MacConkey agar plates. Identification of colonies
and organisms was done by appropriate methods and
tests.

Analysis System software package [10]. In order to
compare the distribution of the studied factors in infected
and non diseased neonates, tests for the categorical2

variables and t test for the continuous variables were
used. The level of statistical significance was defined as
P 0.05. The hospital officials were clearly informed
about the aim and scope of the research. Furthermore,
ethical consideration was considered to avoid physical or
emotional harm to neonate’s family and to ensure
confidentiality and privacy of the collected data.

RESULTS

The nosocomial infection rate in the studied neonates
was 20% (CI= 18%-22%). Table 1 shows the distribution
of the studied neonates by nosocomial infection. The
studied neonates in both groups were comparable
regarding their age at time of admission and their sex.
However, the gestional age, birth weight, length of NICU
stay, length of central line as well as their outcome
showed statistically significant difference between
neonates with and those without nosocomial infection. In
the nosocomial infection neonates, gestional age  38
weeks and those with very low birth weight were 57 and
52% respectively. Also, the mean length of central line
and stay in NICU as well as the mortality were higher in
those neonates with nosocomial infection. 

Table 2 showed the distribution of nosocomial
infections by site of infection and birth weight. Out of 82
detected infection site in the infected 60 neonates,
pneumonia was the commonest (32.9%) followed by blood
stream infection (26.8%), skin infection (11%), surgical site
infection (9.8%), eye infection (6.1%), urinary tract
infection (4.9%), oral cavity infection (2.4%), upper
respiratory tract infection (2.4%) and gastroenteritis
(2.4%). Meningitis was the least common of detected
infection (1.2%). Meanwhile all these sites of infections
were more common in infants with very low birth weight
except surgical site infection which was common in low
and normal birth weight and UTI which was common in
normal birth weight while the only case of meningitis has
occurred in a normal birth weight infant. 

Table 3 presents the isolated organisms from the
infected 60 neonates by infection sites. The most common
isolates in all the cases was S aureus (34.1%), followed by
S. epidermids (14.6%), streptococci (13.4%), E. coli
(12.2%), pseudomonas (11%), Enterococci (6.1%),
Klebsiella  (6.1%)  and  the least one was Proteus (2.4%).
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Table 1: Characteristics of the studied neonates by nosocomial infection (NI)

Neonates with NI n= 60 Neonates without NI  n= 240
------------------------------------ -------------------------------------

Characteristics* No. No. P- value

Age (days) (mean ± SD) 14.3±2.0 14.7±2.2 0.55
Sex

Male 29 (48%) 111 (46.0)
Female 31 (52%) 129(54.0) 0.88

Gestational age (weeks)
< = 38 34 (57.0) 80 (33.3)
> 38 26 (43%) 160 (66.7) 0.002

Birth weight**
Very low 31 (52.0) 66 (28.0)
Low 20 (33.0) 97 (40.0)
Normal 9 (15.0) 77 (32.0) <.0001***

Length of NICU stay (days) 12.3 ± 2.3 8.2 ± 1.8 0.002***

Length of central line (days) 5.2 ± 3.1 3.8 ± 2.3 0.02***

Outcome
Death 22 (37.0%) 13 (5.4%)
Survival 38 (63%) 227 (94.6%) <.0001***

Data are presented by mean SD or n and (%).*

 Very low birth weight  1500gm; low birth weight > 1500-< 2500gm; normal birth weight  2500gm.**

Significant***

Table 2: Distribution of nosocomial infections by infection site and birth weight 

Infection site (n=82) VLBW n (%) LBW n (%) NBW n (%) Total n (%)

Pneumonia 18 (66.7) 7 (25.9) 2 (7.4) 27 (32.9)
Blood stream infection 14 (63.6) 7 (31.8) 1 (4.5) 22 (26.8)
Skin infection 5 (55.6) 2 (22.2) 2 (22.2) 9 (11.0)
Surgical site infection 0 (0.0) 4 (50.0) 4 (50.0) 8 (9,7)
Conjunctivitis 4 (80.0) 1 (20.0) 0 (0.0) 5 (6.1)
Urinary tract 1 (25.0) 1 (25.0) 2 (50.0) 4 (4.9)
Oral cavity infect 1 (50.0) 1 (50.0) 0 (0.0) 2 (2.4)
Respiratory infections 1 (50.0) 1 (50.0) 0 (0.0) 2 (2.4)
Gastroenteritis 1 (50.0) 1 (50.0) 0 (0.0) 2 (2.4)
Meningitis 0 (0.0) 0 (0.0) 1 (100.0) 1 (1.2)
Total 45 (54.9) 25 (30.5) 12 (14.6) 82 (100.0)

P value 0.10

 VLBW= Very low birth weight  1500gm; LBW= low birth weight > 1500-< 2500gm; NBW= normal birth weight  2500gm.*

 Percents are presented by its rounds.**

Table 3: Isolated organisms from the infected neonates by infection sites 

S. aureus S. epidermids  streptococci Enterococci E. coli P. aeruginosa K. pneumoniae Proteus
--------------- ----------------- ---------------- ---------------- ---------------- --------------- --------------- --------------

Site /isolates No % No % No % No % No % No % No % No %*

Pneumonia 12 44.4 - - 5 18.5 3 11.1 - - 3 11.1 4 14.8 - -
BSI 3 13.6 5 22.7 6 27.3 - - 3 13.6 4 18.2 1 4.5 - -
Eye and mouth 7 43.8 7 43.8 - - 1 6.2 1 6.2 - - - - - -
SSI 4 50.0 - - - - 1 12.5 1 12.5 2 25.0 - - - -
Urinary tract - - - - - - - - 2 50.0 0 0 0 0 2 50.0
Respiratory 2 100.0 - - - - - - - - - - - - - -
Gastroenteritis - - - - - - - - 2 100.0 - - - - - -
Meningitis - - - - - - - - 1 100.0 - - - - - -
Total 28 34.1 12 14.6 11 13.4 5 6.1 10 12.2 9 11 5 6.1 2 2.4

BSI= blood stream infection; SSI= surgical site infection*
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Table 4: Factors associated with nosocomial infection in the studied neonates

Studied factors Neonates with NI(Cases) Neonates without NI (Controls) OR 95% CI*

Gestational age (weeks)
< = 38 26 80 1.4 0.94-2.90
> 38 42 160 1.00 Ref.

Birth weight**

 Very low 31 66 4.01 1.30-6.50
 Low 20 97 1.80 1.05-5.30
 Normal 9 77 1.00 Ref
Length of central lines (days) 5.2 ± 3.1 3.8 ± 2.3 1.80 0.89-3.40

OR of each studied variable is adjusted by other ones included in this table as well as by age and sex.*

 Very low birth weight  1500gm; low birth weight > 1500-< 2500gm; normal birth weight  2500gm.**

The commenest organism isolated from blood stream attributed to the infection control policies and the
infection was S. aureus, while the only organism isolated surveillance system in every place, but also due to
from respiratory system was S. aureus and those isolated differences in defining, identifying and reporting NI as
from surgical site infection were S. aureus, P. aeruginosa, there are differences in reporting it, particularly the timing
Enterococcus and E. coli. The high proportions of of onset. There appears to be no clear-cut delineation for
organisms isolated from conjunctiva and oral cavity the optimal cutoff time for identification of an infection as
infections were S. aureus (43.8%) and S. epidermids perinatally acquired or nosocomial in origin. As the
(43.8%).  In  urinary  tract  infection;  however,  E.  coli National Nosocomial Infections Surveillance (NNIS)
and Proteus isolates were 50% for each. The single case identified 48 hours [19] and the NICHD Neonatal Research
of  meningitis  in  this  study  was  found  to  be  caused Network uses 3 days as the cutoff for perinatally acquired
by E coli. infections. However, neonatal textbooks determine 5 to 7

Table 4 displays the adjusted odds ratios for the days [20, 21] to be the cutoff time for perinatally acquired
factors associated with nosocomial infection in the infections with late-onset NIs occurring after that. While
studied neonates. The risk of nosocomial infection was most reports used a positive culture; whether blood,
significantly increased by 4 times in very low birth weight spinal fluid, or urine, to determine NIs [14-17], NIs in
and about 1.8 times in low birth weight neonates. Also, infants who have a positive blood culture and a central
the risk of infection was insignificantly increased in venous line are reported either as a percentage of the
neonates with a gestational age  38 weeks with an patient population or as the number of positive blood
adjusted  odds  ratio  of  1.4 (95% CI= 0.94-2.90). cultures per catheter days, making it difficult to compare
Increasing the length of central line was also associated one study’s results to another. Some studies included
with an increased of nosocomial infection. (OR= 1.8; 95% infants with clinical symptoms of infections who had
CI= 0.89-3.40). negative cultures, especially suspected bloodstream

DISCUSSION In the present study, pneumonia was the commonest

The present study revealed a relatively high rate of were ventilator associated pneumonia (VAP). Blood
nosocomial infection in the studied NICU with a high stream infection was 26.8% of the detected infections in
mortality rate and high mean of NICU stay was detected the studied neonates and which is comparable with most
in the infected neonates. A similar result was reported in of local Egyptian studies [22-25]. Worldwide bloodstream
a recent study [11] carried out at NICU in Mansoura infections; frequently with coagulase negative
University, Mansoura, Egypt, in 2013, where the rate of staphylococci and associated with central venous lines [3,
nosocomial infection was 21.4%. However, there have 15, 22], are reported to be the most common NI with an
been wide variations in the reported incidence of NI rates incidence as high as 78% of the total NIs reported [26].
according to the NICUs. In the United States, NI rates The next most common site of infection varies among
vary from 6 to greater than 40% [12-16] and in one study, NICUs but is often in either the respiratory [3, 15, 16] or
the incidence has been reported to be as high as 70% [17]. urinary tract [26]. These sites of infection were also
In Brazil it was 57.0% in 10 years surveillance in 6 sites reported in our study but at relatively lower rates than
[18]. This discrepancy in NI rates could be not only those reported in previous studies.

infections with a systemic impact.

detected infection (32.9%); with most of them (81.5%)
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The  most   common   isolates   in   this   study  was to increased mortality rates; particularly in systematic
S.  aureus  (34.1%),  followed  by  S. epidedemis (14.6%), infection, through septic shock, hypotension, decreased

streptococci (13.4%), E. coli (12.2%), Pseudomonas tissue perfusion, profound acidosis and end-organ failure
(11%), Enterococci (6.1%), Klebsiella (6.1%) and the least that can lead to death. Mortality rates are reported to be
one was Proteus (2.4%). In study conducted in NICU in from 13 to 50% in infants who develop NI, specifically
Ankara, Turkey, however, Gram-negative bacteria were those with bloodstream infections and meningitis [31].
isolated from the infected neonates at a rate of 70.8%, The NICHD Neonatal Research Network reported the
gram-positive at 22.6% and Candida species at 6.6%. The mortality rate for infants with any NI to be 18% as
most commonly isolated microorganisms were, in order of compared with an overall NICU infant mortality rate of 7%
frequency, Klebsiella (39.6%), Pseudomonas aeruginosa [32]. The death rate in our study was 37.0% in neonates
(11.3%) and Coagulase-negative staphylococci (9.4%) with  NIs compared to only 5.4% in those without NIs.
[27]. In another study, the most commonly isolated The high rates of death in infants with nosocomial
microorganisms from the studied 154 neonatal nosocomial infection in our study may be attributed to high infection
infections were Acinetobacter (47.9%), Pseudomonas rate and absence of infection control policies. It may also
(23.6%), Klebsiella/Enterobacter (8.3%). Coagulase- raise the question about the appropriateness and quality
negative staphylococci (8.3%) and Staphylococcus of management of cases of infants with nosocomial
aureus (6.3%) were the most frequently reported Gram- infection in the studied unit. The present study being a
positive bacteria [28]. The variations observed in this and prospective study, the matter which consolidates the
other studies regarding the frequency of the isolated study findings and prevent the possibility of biases and
microorganisms might be attributed to the different missing data. However, it is also important to realise that
hospital environments where the studies were conducted, results come from one centre may simply not be similar for
antibiotic resistance as well as the time where swabs were other centers as differences in staffing, hospital
taken. For early onset sepsis, the Gram negative bacilli as environment and antibiotic resistance may be of great
a group were found to be the commonest organisms influence on the outcome. 
implicated in neonatal infection while Staphylococcus Nosocomial infection in the studied NICU was a
aureus was reported to be the commonest cause of late relatively high and causes high mortality rates. Very low
onset sepsis [29]. and low birth weight as well as gestational age and length

The main risk factor for nosocomial infection in this of central venous line were important risk factors in such
study was very low birth weight and low birth weight, infections. However, multi-center studies are needed to
gestational age  38 weeks and the length of central confirm these findings. Finally, the study recommended
venous line. These findings coincides with the results of special care to be given when dealing with such premature
a previous study [15] which reported the risk of NIs and low birth weight cases,
among infants with a birth weight of  1500 gm to be 2.69
times more than those infants who are born at a higher ACKNOWLEDEMENT
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