Case Report


Enterobacter hormaechei as an increasing cause of neonatal sepsis: a case series and literature review
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ABSTRACT 

	Aims: The aim of our paper is to present antenatal, perinatal and postnatal characteristics of neonates, as well as course of neonatal sepsis caused by Enterobacter hormaechei. The main goal is to consider options for improving the prevention of this infection.

Presentation of Cases: Five neonates with Enterobacter hormaechei sepsis were included. Three neonates were female. All the neonates were born prematurely, four of them were extremely preterm, with birth weight less than 1000 g. The mean gestational age was 27.4 weeks and mean birth weight was 1234 g. Two of these neonates were from multiple pregnancies. Four neonates had late-onset sepsis and one had early-onset sepsis caused by Enterobacter hormaechei. Ampicillin and aminoglycoside had been given to all neonates, before Enterobacter hormaechei sepsis. Enterobacter hormaechei sensitive to carbapenems was isolated in blood culture. The course of sepsis was favorable in all neonates.
Discussion: The main risk factors for neonatal sepsis are prematurity and low birth weigh. Gram-negative bacteria of the genus Enterobacter cause nosocomial infections in neonatal intensive care units. The reservoir of infection could be the intestine of neonates. The first report cases of sepsis caused by Enterobacter hormaechei was in Brazil, especially in preterm neonates with birth weight less than 2500 g. Enterobacter bloodstream infection has been related to previous use of anibiotics. 
Conclusion: There is a need hand hygiene of healthcare workers, disinfection of hospital rooms and equipment, as well as rational use of antibiotics in neonatal intensive care units. Carbapenems are the first-line antibiotics for treatment neonatal infections caused by Enterobacter hormaechei.
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1. INTRODUCTION 

Enterobacter hormaechei was first described as a distinct species of bacteria from the family Enterobacteriaceae in 1989. This bacterium is a gram-negative bacillus and a member of the Enterobacter cloacae complex. Infections caused by Enterobacter hormaechei were initially described in adult immunocompromised patients in intensive care units [O'Hara CM et al., 1989, Wenger PN et al., 1997]. The first descriptions of nosocomial infections of neonates caused by Enterobacter hormaechei were described in the USA and Brazil [Wenger PN et al., 1997, da Silva CL et al., 2002].
In recent years, Enterobacter hormaechei has increasingly emerged as a oportunistic microorganism causing infections in immunocompromised patients of all ages. This bacterium has the property of surviving for long periods on various surfaces and objects in the hospital environment. Also, genetic and enzymatic analyses have shown resistance of Enterobacter hormaechei to several different antibiotics [Perez-Palacios P et al., 2023, Yeh TK et al., 2022].
Infections are thought to be responsible for more than a third of neonatal deaths [Lawn JE et al., 2010]. Preterm neonates as well as low birth weight (LBW) neonates are at particular risk for neonatal sepsis. Neonatal sepsis can occur as early-onset sepsis (EOS), within 72 hours of life, and as late-onset sepsis (LOS), after 72 hours of life. The most common source of infection in EOS is microorganisms from the maternal genitourinary tract. However, if the neonate requires resuscitation after birth, infection can also be nosocomial. Late-onset sepsis is most commonly seen in preterm neonates, which is related to prolonged hospitalization in the neonatal intensive care unit (NICU) [Palić I, et al., 2024, Odabasi IO et al., 2020, Ranosiarisoa ZN et al., 2019].
The aim of our paper is to present antenatal, perinatal and postnatal characteristics of neonates as well as course of sepsis caused by Enterobacter hormaechei in neonates treated in our hospital. The main goal is to consider options for improving the prevention of this infection.

2. PRESENTATION OF CASES

Five neonates with neonatal sepsis caused by Enterobacter hormaechei (meropenem sensitive) were treated at our hospital during the past one year, and all of them had a favorable course of the disease.
Summarized presentation of all neonates are shown in three tables. Table 1. shows characteristics of pregnancies, including maternal risk factors for neonatal sepsis. The data from the Table 1. suggested that there are no chorioamnionitis and urinary tract infection during pregnancy, while one pregnant woman had premature rupture of membranes (PROM).
Table 2. presents demographic and delivery characteristics of included neonates. All neonates after birth were transported to our hospital and were admitted to the NICU, three from the tertiary and two neonates from the secondary Maternity Ward. All the neonates were born prematurely, four of them were extremely preterm, born before 28 weeks of gestation, with BW less than 1000 g. The mean gestational age was 27.4 weeks (range: 23 to 36 weeks). The mean BW was 1234 g (range: 640 to 3000 g).
A complete of clinical and cranial ultrasound (CUS) features of neonates are presented in Table 3. Four extremely preterm neonates had LOS and one late preterm neonate had EOS caused by Enterobacter hormaechei. Two neonates (patients 1 and 2) had EOS caused by Staphylococcus haemolyticus and one neonate (patient 5) had Staphylococcus epidermidis before Enterobacter hormaechei isolation in blood culture.
[bookmark: _Hlk189654449]One extremely preterm neonate (patient 1), born at 26 weeks of gestation with BW of 830 g had EOS caused by Staphylococcus haemolyticus, and two confirmed LOS caused by Enterobacter hormaechei. The neonate had three proven neonatal sepsis, LOS caused by unusual and rare bacterium and each of them had more severe clinical picture. There was positive family history for primary imunodeficiency. Pediatric immunologists were consulted. Serum immunoglobulin levels were appropriate with gestational age. Blood lymphocyte immunophenotyping by flow cytometry showed mild reduced number of CD3+ T-lymphocytes and CD4+/CD3+ T-lymphocytes. DNA isolation was also performed for future molecular-genetic testing. After immunological tests were performed, there were no criteria for the diagnosis of primary imunodeficiency. However, this neonate required further follow-up with a pediatric immunologist after discharge from our hospital.
Four extremely preterm neonates had a placed of peripherally inserted central catheter (PICC) line by the time we diagnosed the nosocomial infection. One late preterm neonate (patient 4) required endotracheal intubation and placed on mechanical ventilation (MV) after admission in our NICU. Ampicillin and aminoglycoside (gentamicin or amikacin) had been given to all included neonates, before Enterobacter hormaechei was isolated in blood culture. 
Multidrug-sensitive Enterobacter hormaechei was isolated in blood culture in all neonates. The treatment  was based on monotherapy of meropenem. The course of sepsis was favorable in all neonates. Also, one neonate (patient 5) had meningitis caused by Enterobacter hormaechei without complications.

3. discussion

We review maternal and perinatal factors, clinical features, as well as CUS findings in four neonates with neonatal sepsis caused by Enterobacter hormaechei. These were the first cases of sepsis caused by this bacterium in our NICU.
Several factors contribute to the development of neonatal sepsis. The main material risk factor for EOS is chorioamnionitis and neonatal risk factors are prematurity and LBW. The leading risk factor for neonatal LOS is prematurity, and factors associated with prematurity, such as immaturity of various components of the cellular and humoral immune system, need for endotracheal intubation and MV, presence of a CVK/PICC line, prolonged total parenteral nutrition, as well as extensive and prolonged use of different antibiotics. The incidence of neonatal sepsis is inversely proportional to gestational age and BW (Shane AL et al., 2017, Bethou A et al., 2022, Lee SA, 2018, Araújo BC, et al. 2020, Vora N, 2018).
Our data demonstrated that all neonates were born prematurely, and four of them were born before 28 week of gestation and had extremely LBW, which were major risk factors for neonatal sepsis. To date, there are few publications about sepsis caused by Enterobacter hormaechei in the NICU, especially in extremely preterm neonates. 
Gram-negative bacteria of the genus Enterobacter include several species that cause nosocomial infections, especially in the NICU. There are two the most common species, Enterobacter cloacae and Enterobacter aerogenes. The reservoir of infection could be the intestine, since bacteria of the genus Enterobacter appear early in microbiota of the neonates (Dyabi FZ et al, 2018, Chow JW et al., 1994, Hernandez-Alonso E et al, 2022, Ferry A et al, 2020). da Silva CL et al. (da Silva CL et al., 2002) were among the first to report cases of sepsis caused by Enterobacter hormaechei in three NICU located in Rio de Janeiro, Brazil. All six male neonates shown were born prematurely with a mean gestational age of 31.5 weeks and mean BW of 1277.5 g with favorable course of neonatal sepsis. Similarly, Dyabi FZ et al. (Dyabi FZ et al, 2018) reported the cases of five neonates with isolated Enterobacter hormaechei in blood culture in NICU situated in Morocco. Four of them were preterm neonates, and one neonate was full-term, born at 37 weeks of gestation. The mean BW of of the presented neonates was 2120 g. The course of sepsis was favorable in two cases, but death was recorded in three neonates. 
The association of Enterobacter hormaechei neonatal sepsis with PICC line has not been previously reported. Enterobacter bloodstream infection has been related to previous use of anibiotics (da Silva CL et al., 2002,16), which was also observed in all neonates in our cases. 
In our four extremely preterm neonates, sepsis caused by Enterobacter hormaechei was declared as nosocomial, associated with prematurity, extremely LBW, and long-term hospitalization in the NICU. Endotracheal intubation and use of invasive MV have also been identified as risk factors for the development of nosocomial infection, which was observed in one late preterm neonate with EOS. 
Table 1. Antenatal characteristics
	Characteristics
	Patient 1
	Patient 2
	Patient 3
	Patient 4
	Patient 5

	Gravidity
	second
	third
	first
	first
	first


	Pregnancy control
	controlled
	uncontrolled
	controlled
	controlled
	uncontrolled

	
Type of pregnancy
	
twin
	
singleton
	
singleton
	
singleton
	
singleton

	
Type of conception
	
in vitro fertilization
	
natural
	
natural
	
natural
	
natural

	
Urinary tract infection during pregnancy
	
no
	
no
	
no
	
no
	
no

	
Chorioamnionitis
	
no
	
no
	
no
	
no
	
no

	
PROM
	
no
	
no
	
yes
	
no
	
no






Table 2. Demographic and delivery characteristics
	Characteristics
	Patient 1
	Patient 2
	Patient 3
	Patient 4
	Patient 5

	Type of Maternity Ward
	tertiary
	tertiary
	secondary
	tertiary
	secondary

	
Sex
	
female
	
female
	
male
	
female
	
female

	
Gestational week at birth
	
26
	
23
	
36
	
25
	
27

	
Birth weight
	
830 g
	
640 g
	
3000 g
	
880 g
	
820 g

	
Apgar score at first minute of life
	
5
	
2
	
7
	
5
	
2

	Apgar score at fifth minute of life
	7
	3
	8
	6
	5

	
Mode of delivery
	
spontaneous vaginal delivery
	
spontaneous vaginal delivery

	
emergency caesarean section
	
spontaneous vaginal delivery

	
spontaneous vaginal delivery


	
Endotracheal intubation at birth
	
yes
	
yes
	
no
	
yes
	
yes

	
Resuscitation at birth
	
no
	
no
	
no
	
no
	
no



Table 3. Clinical and neurosonography characteristics
	Characteristics
	Patient 1
	Patient 2
	Patient 3
	Patient 4
	Patient 5

	Use of invasive MV

	yes
	yes
	yes
	yes
	yes

	Use of high frequency oscillatory ventilation

	no
	yes
	no
	no
	yes

	Use of inotropic support
	no
	yes
	no
	yes
	yes

	EOS

	yes
	yes
	yes
	no
	yes

	LOS
	yes
	yes
	no
	yes
	yes

	Meningitis
 
	no
	no
	no
	no
	yes

	Pulmonary hemorrhage

	no
	no
	no
	no
	yes

	Pneumothorax

	no
	no
	no
	no
	no

	Pneumonia

	yes
	yes
	yes
	no
	no

	Necrotizing enterocolitis 

	no
	no
	no
	no
	no

	Patent ductus arteriosus

	yes
	yes
	no
	no
	yes

	Anemia of prematurity

	yes
	yes
	no
	yes
	yes

	Thrombocytopenia

	yes
	no
	no
	no
	yes

	Neonatal seizures

	no
	yes
	no
	no
	no

	Intraventricular hemorrhage

	no
	no
	no
	no
	no

	PICC line placed
	yes
	yes
	no
	yes
	yes




4. Conclusion

Enterobacter hormaechei is becoming an increasingly common cause of nosocomial infections in NICU. There is a need for implementation of strategies for infections control in hospital environment, including hand hygiene of healthcare workers, applying standard disinfectant for equipment and hospital rooms in NICU, as well as rational use of antibiotics. Carbapenem antibiotics, including meropenem and imipenem, are the first-line antibiotics for treatment neonatal infections caused by Enterobacter hormaechei.
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