Arch Pediatr Infect Dis. 2021 July; 9(3):e108840. doi: 10.5812/pedinfect.108840.

Published online 2021 January 31. Research Article

Nosocomial Infection Surveillance in Neonatal Intensive Care Units of
Bahrami Children’s Hospital

Mohammad Kajiyazdi ©®', Shayan Dasdar @2, Nika Kianfar ¢22 and Mahbod Kaveh*
'Department of Pediatric Hematology and Oncology, Tehran University of Medical Sciences, Tehran, Iran
zFaculty of Medicine, Tehran University of Medical Sciences, Tehran, Iran

*Department of Pediatrics, Bahrami Children’s Hospital, Tehran University of Medical Sciences, Tehran, Iran

"Corresponding author: Associate Professor, Department of Pediatrics, Bahrami Children’s Hospital, Tehran University of Medical Sciences, Tehran, Iran. Tel: +98-2173013000.
Email: mahbodkaveh@yahoo.com

Received 2020 August 25; Revised 2020 December 12; Accepted 2020 December 28.

Abstract

Background: Nosocomial Infection (NI) is one of the leading causes of short- and long-term morbidity and mortality among
neonates, especially in Neonatal Intensive Care Units (NICUs).

Objectives: We aimed to evaluate the epidemiology of NIs and associated factors.

Methods: From March 2017 to September 2018, all the neonates who were admitted to the NICUs of Bahrami Children’s Hospital
were enrolled. Nosocomial infections were identified based on the definition of CDC-NNIS. Demographic, clinical, and laboratory
data of the patients were extracted from the medical records.

Results: A total of 979 neonates were admitted to the NICU, of whom 60 were diagnosed with NI. The incidence of NI was 6.1 per
100 hospitalized patients. The most prevalent NI was bloodstream infection (30%), followed by pneumonia (21.7%). The most fre-
quent presentations were respiratory distress (31.7%) and poor feeding (26.7%). Major pathogens were Gram-positive bacteria such
as Staphylococcus aureus (25.7%) and coagulase-negative staphylococci (25.7%). The mean hospital stay was 25.2 & 20.89 days. The
mortality rate of patients with NI was 16.7%. The factors associated with an increased risk of mortality among patients with NI were
alack of ventilation support, low birth weight, and WBCs with an abnormal range.

Conclusions: The results of the present study showed that the incidence of NI was high, and the cultures collected from body fluids
had a particular role in the diagnosis and treatment of NI. Standard infection control practices should be applied to reduce the

incidence of NI and subsequent morbidity and mortality.
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1. Background

Nosocomial Infection (NI) is an important cause of
mortality among neonates administrated to Neonatal In-
tensive Care Units (NICUs) (1). Hospitalized neonates, due
to their immaturity and weak immune system are at a
greaterrisk for infections (2). It is also found that survivors
are vulnerable to long-term neurodevelopmental morbid-
ity (1). Recent progress in taking care of newborns utilizing
intensive interventions has led to notable improvements
in their survival (3). Nevertheless, prolonged hospitaliza-
tion and the use of invasive procedures may dispose them
to NIs. This clinical condition is usually considered as the
infection acquired after 48 hours of hospitalization in pa-
tients admitted for reasons apart from that infection (4, 5).

Nosocomial infections are estimated as the cause of
4-56% of all infants’ mortality (6). They also have a great

impact on the health-care system by increasing the length
of hospital stay and adding to medical expenses, which
are very important issues, especially in developing coun-
tries. Prematurity, low birth weight, use of invasive devices,
and delayed initiation of enteral nutrition are some of the
identified risk factors associated with NI (7). Generally,
bloodstream infections, mostly caused by central catheter-
ization, and ventilator-related pneumonia are considered
the most frequent type of NIs (8-10). Over the last decade,
Gram-positive organisms have been reported as the main
causes of NIs that can be resistant to multiple drugs (11, 12).

Due to changes in the patterns of antibiotic use, or-
ganisms responsible for NI differ among regions and over
time. Thus, it is important to monitor the epidemiology of
NIs.
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2. Objectives

Herein, in the current study, we aimed to evaluate
the epidemiology of NIs among neonates in the NICUs of
Bahrami Children’s Hospital. Moreover, the mortality rate
and its related factors were sought in these patients.

3. Methods

3.1. Study Design, Setting, and Population

We conducted a historical cohort study at the NICUs
of Bahrami Children’s Hospital of Iran, a tertiary center
for high-risk newborns with an average of 900 annual ad-
missions. The hospital consisted of two NICUs, number I
and number II, with 17 and 7 inpatient beds, respectively.
The NICU No. I was staffed with 17 nurses, four pediatric
residents, and two neonatologists while in the NICU No.
II, there were 10 nurses, two pediatric residents, and one
neonatologist. The average ratio of nurses to hospitalized
patients at different shifts was 1:3.

From March 2017 to September 2018, all the neonates
who attended the NICUs of the hospital were evaluated.
The diagnoses of NIs were coded based on the defini-
tion of the Centers for Disease Control and Prevention-
Nosocomial Infections Surveillance System (CDC-NNIS) (5).
Therefore, an infection acquired after 48 hours of hospi-
talization without any evidence of that infection at the
time of admission was considered an episode of NI. The
diagnosis of NI was based on the identification of clini-
cal manifestations of infection (e.g., lethargy, poor feed-
ing, fever, and respiratory signs) or positive cultured speci-
mens (blood, cerebrospinal fluid, urine, eye discharge, tra-
cheal secretion,and wound discharge). Patients older than
one-month-old or with incomplete medical records were
excluded.

Among 979 admitted neonates during the study pe-
riod, 336 suspected cases were selected by the supervisor of
infectious diseases of the hospital. After gathering the data
from patients’ medical records and laboratory databases,
NI was confirmed in 60 of the neonates.

3.2. Data Collection and Ethical Consideration

The demographic, clinical, and laboratory features of
the neonates were obtained from the medical records. The
following data were recorded: gender, gestational age,
birth weight, type of delivery, the reason for admission, age
atadmission, accompanying comorbidity, Total Parenteral

Nutrition (TPN), use of ventilation support, site of nosoco-
mial infection, length of hospital stay, clinical manifesta-
tion, paraclinical findings, and mortality rate. The proto-
col of the study was reviewed and approved by the Insti-
tutional Review Board of Tehran University of Medical Sci-
ences, Tehran, Iran (ethical code: 9411165037).

3.3. Statistical Analysis

Measurements were reported as absolute numbers
and percentages for categorical variables and mean =+
Standard Deviation (SD) for quantitative variables. For
comparison of proportions, Pearson’s chi-square tests and
Fisher’s exact test were used. For the comparison of quanti-
tative variables, a t-test or nonparametric Mann-Whitney U
test was used. Multivariate logistic regression analysis was
also applied to identify the potential risk factors for mor-
tality. Analyses were conducted by SPSS version 20.0 statis-
tical software, and P values less than 0.05 were considered
statistically significant.

4. Results

4.1.  Maternal, Characteristics, and Clinical Features of
Neonates

From 979 neonates who were admitted to the NICUs
of the hospital, 60 patients who fulfilled the criteria of
the study were enrolled. The incidence of infection was
6.1 per 100 hospitalized patients. The three most common
reasons for admission to the NICU were respiratory disor-
ders (33.3%), seeking surgical procedures (25%), and icterus
(23.3%). The mean age of the neonates at the time of ad-
mission was 6.65 + 6.8 days. Of the neonates, 27 (45%)
had concomitant comorbidity. The most common comor-
bidity was congenital anomalies in 12 (44.4%) patients, fol-
lowed by cardiac, respiratory, and renal-related comorbidi-
ties in seven (25.9%) patients, three (11.1%) patients, and one
(3.7%) patient, respectively. Maternal, demographic, and
clinical information of the neonates is depicted in Table 1.

In our study, the mean duration of developing NI was
6.8 + 5.2 days. The infection was presented in the major-
ity of the neonates as respiratory distress (31.7%; N =19) and
poor feeding (26.7%; N =16) (Figure 1). The commonest type
of infection was bloodstream infection (30%; N = 18), fol-
lowed by pneumonia (21.7%; N = 13), conjunctivitis (13.3%; N
= 8), catheter-related infection (13.3%; N = 8), enterocolitis
(10%; N=6), urinary tract infection (6.6%; N=4),and menin-
gitis (5%; N=3).
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Figure 1. Distribution of signs and symptoms related to nosocomial infection

4.2. Laboratory and Imaging Findings

Among the NI cases, abnormal WBC was detected in 17
(28.3%) neonates, with 13 (21.6%) having leukocytosis (WBC
> 20,000/mm?) and four (6.66%) having leukopenia (WBC
< 5,000/mm?). A positive CRPlevel (> 6 mg/L)was found in
27 (45%) cases. Moreover, in the imaging modalities (chest
X-ray, abdominal X-ray, sonography) of 17 neonates, abnor-
mal features were detected.

Among 60 cultures collected from body fluids and se-
cretions of the infection site, 35 (58.3%) showed the growth
of different microorganisms. The frequencies of the posi-
tive cultures obtained from different sites were as follows:
blood (21.7%; N =13), endotracheal tube (11.7%; N = 7), eye dis-
charge (10%; N = 6), urine (6.7%; N = 4), infectious wound
discharge (5%; N = 3), and cerebrospinal fluid (3.3%; N =
2). Coagulase-negative staphylococci and Staphylococcus
aureus were the most prevalent causes of NI in our study
(Figure 2).

4.3. Length of Hospital Stay and Mortality Rate

The mean length of hospital stay in the NI cases was
25.2 & 20.89 days. Furthermore, we assessed the effect of
demographic features, clinical data, and laboratory find-
ings on the mean length of hospitalization. The only fac-
tors that reached the level of significance were the use of
ventilation support and the results of cultures. The mean
length of hospital stay was 19.2 £ 9.24 days in neonates
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with ventilation support and 33.2 & 28.3 days in neonates
with no ventilation support (P value = 0.027). The duration
of hospitalization in cultures with negative and positive re-
sults was 34.1 & 27.59 and 18.8 = 12.23 days, respectively (P
value = 0.007).

The overall mortality rate due to NI in our study was
16.7% (N =10). Multivariable logistic analysis showed that
mortality was significantly higher among neonates with
LBW (adjusted OR = 6.8, 95% CI: 1.59-29.31), no ventilation
support (adjusted OR = 0.05, 95% CI: 0.01-0.49), and WBCs
in abnormal range (adjusted OR = 531, 95% CI: 1.27-22.25)
(Table 2).

5. Discussion

In recent years, developments in NICUs have increased
the survival of neonates with severe pathologic conditions.
However, the extensive use of invasive devices may in-
crease the risk of NI. The first step for reducing the NI fre-
quency is to determine the incidence, predisposing fac-
tors, and consequences of NI.

In our study, the incidence of NI in NICUs was 6.1 per
100 hospitalized patients. Previous studies in Iran have re-
ported a rate of 5.7% in Hamadan (8), 7.4% in Isfahan (13),
and 13.5% in Tehran (14). The reported incidence in some
of the developed countries with the advanced health-care
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Figure 2. Distribution of microorganisms related to nosocomial infection

systemis11% in the USA(15) and 14% in Canada(16). Contrar-
ily, developing countries have reported higher rates as fol-
lows: 8.3% in Turkey (17),19.2% in Saudi Arabia (18),and 21.4%
in Egypt(19). Some reasons can explain this variation in the
incidence rate of NIs. The first reason is the different meth-
ods for the detection of NI. Although the CDC definition
has been mostly used in these studies, some others only
have relied on positive cultures. The other reasons may be
the differences in underlying conditions, treatment strat-
egy, length of hospital stay, and different methods of study.
Thus, making a direct comparison among these studies
may be inaccurate. With a brief review, it seems that the
prevalence of NIs in the NICUs is lower in Iran than in other
parts of the world. However, with the provided data, it is
not possible to conclude that Iranian hospitals have a bet-
ter condition in terms of controlling NIs. Some possible
issues, including a lack of a comprehensive information
recording system, extensive use of antibiotics, and lack of
attention to mild signs and symptoms of infection may
contribute to the less diagnosis of NIs.

Bloodstream infections and pneumonia, in sequence,
were the most common NIs in our research. Likewise, the
most common NIs reported in the relative literature were
bloodstream infections with a rate of 26% to 81.7% and
pneumonia with a rate of 10.2% to 52% (8, 14, 19, 20). In
our study, the majority of the infected patients were on

TPN, which is not surprising as it was stated as a risk fac-
tor for NI in a recent meta-analysis (7). Thus, to reduce the
NI incidence, TPN should be applied only with appropri-
ate indications. Moreover, standard infection control prac-
tice should be reconsidered for staff and enteral nutrition
should be initiated as soon as possible. We observed that
approximately 70% of the neonates with NIs were younger
than seven-days-old, which suggests they might be more
vulnerable due to the immaturity of their immune sys-
tems. Most of the infected neonates were delivered via cae-
sarian sections, which might be related to its preference
among Iranian women. Thus, to be considered as arisk fac-
tor for NIs, caesarian sections should be evaluated in a con-
trolled study.

In the present study, the majority of the neonates
showed clinical signs and symptoms related to infection.
Although clinical manifestations were frequently subtle
and nonspecific, they can be helpful in the early detection
of NIs. Respiratory distress, poor feeding, and fever were
the most common presentations of NIs in neonates, which
was in line with other studies (21, 22). In our study, 58.3%
of the neonates had positive cultures. Moreover, positive
CRP levels and abnormalities in WBC were detected in 45%
and 28.3% of the neonates, respectively. This shows that cul-
tures are still the best laboratory test for a definite diagno-
sis of NI.

Arch Pediatr Infect Dis. 2021; 9(3):¢108840.
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Table 1. Patient’s Demographic and Clinical Data Before Developing Nosocomial In-
fection

Variable No. (%)
Gestational Age

< 37 weeks 32(533)

> 37 weeks 28(46.7)
Birth Weight

<2500¢g 15(25)

>2500¢g 45(75)
Gender

Male 35(58.3)

Female 25(41.7)
Type of Delivery

Vaginal 18(30)

Cesarean section 42(70)
Age at Admission

< 7days 44(73.3)

> 7days 16 (26.7)
Presence of Comorbidity

Yes 27(45)

No 33(55)
Ventilation Support

Yes 26(43.3)

No 34(56.7)
Total Parenteral Nutrition

Yes 39(65)

No 21(35)

In the current paper, the most frequently isolated
pathogens were Staphylococcus aureus, coagulase-negative
staphylococci, and Klebsiella spp. The detection of Staphy-
lococcus spp. as the most common pathogen, could be re-
lated to the handling of the neonates by their families and
health care providers. Therefore, the adherence of the staff
to hand hygiene procedures could interrupt the chain of
contamination (23). Moreover, it has been suggested that
this microorganism could also have aerosol transmission
(24).

The incidence of NI pathogens varies among different
regions and over time. In some of the previous studies,
Gram-positive cocci were mostly responsible for NIs (8, 12,
13, 20), and in some others, Gram-negative rods were the
most frequently detected pathogens (14, 18, 19). Due to
antimicrobial resistance increment among Gram-negative
rods, their incidence in NICUs is increasing, which has led

Arch Pediatr Infect Dis. 2021; 9(3):¢108840.

to several nosocomial outbreaks in NICUs over recent years
(25, 26). However, in our study, Gram-positive cocci were
still the most prevalent pathogens, as it was responsible for
60% of NI episodes.

The mean duration of hospitalization in our study was
25.2 days. It was revealed that the length of hospitalization
was shorter for patients with a positive result for cultures.
This suggests that a definite diagnosis would contribute to
more efficient treatment strategies and, thus, earlier hos-
pital discharge. The overall mortality rate of neonates due
to NI was 16.7% in this study. The reported death rates in
several previous studies were as follows: 45% in Greece (10),
40.3% in Saudi Arabia (18),12.8% in South Korea (20),13% in
Turkey (17), and 29.6% in Iran (14). The result of this study
revealed that neonates with low birth weight have a signif-
icantly higher risk of mortality, and abnormalities in WBC
were associated with a poorer outcome. Although the use
of ventilation supportis considered a risk factor for NIs, we
did not find any association with a poorer prognosis. Due
to our observations, the survival of patients with ventila-
tion support was better, and they had a shorter duration
of hospitalization, but according to the small sample size
and possible effect of confounding factors, it could not be
considered a protective factor.

Due to the retrospective design of this study, some pa-
tients with NI may not have been registered. Only neonates
with a definite diagnosis of NI and those with complete
and accurate records were included in the present study.
This issue should be considered in interpreting the results,
as the reported prevalence might be lower than the actual
rate. The selection of the subjects from one center is an-
other limitation of this study, which could restrict the gen-
eralization of the findings.

5.1. Conclusion

Nosocomial infection is an important complication of
hospitalized neonates with a high incidence at NICUs. The
early diagnosis is difficult and both clinical manifestations
and laboratory assessments should be considered. The cul-
tures collected from body fluids had a particular role in the
diagnosis and treatment of NIs. The distributions of the
related pathogens were similar to the reports of previous
studies. The mortality rate was relatively high and signifi-
cantly associated with low birth weight, abnormalities in
WBC counts, and lack of ventilation support.

Footnotes

Authors’ Contribution: Study concept and design: M.KY
and M.K. Acquisition of data: M.K, S.D., and N.K. Anal-
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Table 2. Multivariate Analysis of Potential Risk Factors for Mortality in Patients with Nosocomial Infection

Variables Mortality, No. (%) Adjusted OR (95% CI) PValue®

Gestational age 1.38(0.34-5.51) 0.644
< 37weeks 6(10)
> 37 weeks 4(6.6)

Birth weight 6.83 (1.59 - 29.31) 0.009
<2500¢g 6(10)
>2500g 4(6.6)

Gender 1.08(0.27-4.33) 0.906
Male 6(10)
Female 4(6.6)

Type of delivery 1.00 (0.22-4.40) 1.000
Vaginal 3(5)
Cesarean section 7(11.6)

Age at admission 1.55(0.29-8.24) 0.603
< 7days 8(133)
> 7days 2(33)

Presence of comorbidity 2.07(0.51-8.26) 302
Yes 6(10)
No 4(6.6)

No ventilation support 17.47(2.04-149.57) 0.009
Yes 1(1.6)
No 9(15)

Total parenteral nutrition 0.16 (0.01-1.41) 0.101
Yes 1(1.6)
No 9(15)

Fever 0.58(0.11-3.07) 0.525
Yes 2(33)

Rectal temperature >38°C
No 8(13.3)
WBC 5.31(1.27-22.25) 0.022
Abnormal 6(10)
> 20,000/mm’

< 5,000/mm’

Normal 4(6.6)

CRP 4.14(0.75 - 22.58) 0.103
Positive (> 6 mg|L) 6(10)
Negative 4(6.6)

Culture 0.66 (0.17-2.60) 0.559
Positive 5(8.3)
Negative 5(8.3)

Abbreviations: OR, odds ratio; CI, confidence interval.
*Pvalues < 0.05 were considered significant.
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