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Introduction 

The genus Pantoea was derived from the 

Greek term "Pantoios," which means "of many sorts 

or sources," This demonstrates the variety of 

bacteria that can be extracted from different 

ecological and geographic contexts [1].  

Recently, the Pantoea genus has 20 

identified species, all of which are phenotypically 

similar and can only be distinguished from one 

another using multilocus sequence analysis (MLSA) 

of housekeeping genes [1]. 

Pantoea species( Pantoea spp.) is one of 

the pathogens responsible for newborn sepsis due to 

their immunodeficient state and prematurity, they 

are at a higher risk of developing hospital-acquired 

infections [2]. Since 1970, Pantoea infections have 

been linked to epidemics in healthcare facilities in 

the USA [3]. Pantoea infection was identified in 
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Background:  Neonatal sepsis is one of the important causes of morbidity and mortality 

in a neonate. Pantoea species (Pantoea spp) has attracted considerable attention as an 

emerging neonatal pathogen and has been associated with life-threatening septic arthritis, 

occupational respiratory infections, and bloodstream infections in neonates and infants 

globally. Methods: We aimed to determine the prevalence of Pantoea spp from neonatal 

sepsis cases, and the sources of its infection. Pantoea spp isolates were isolated and 

identificatied by conventional methods then, they were confirmed by VITEK 2 and 

conventional PCR. Furthermore, we evaluated the antimicrobial profile of Pantoea spp. 

Also we studied the antimicrobial effect of anise oil and peppermint oil by using the MIC 

method, and hibiscus and lactoferrin by using the cup diffusion method. Results: we 

reported three cases (6%) of neonatal sepsis caused by the emerging life-threatening 

pathogen Pantoea spp in the NICU of  Assuit University. The organism was also detected 

in contaminated powder infant formula (PIF) and parentral nutrition (PN) in 16% and 2%, 

respectively which may be sources of infection for neonates. Conclusion: PIF and PN 

may by source of Pantoea spp infection. Anise oil , peppermint oil , hibiscus and 

lactoferrin have antimicrobial effect against Pantoea spp. 
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125 patients (2%) without clustering in a survey of 

6,383 patients performed in the Netherlands 

between January 1994 and June 2005 [4]. Another 

case series reported that five out of 1,665 newborn 

children admitted to two different NICUs acquired 

nosocomial bloodstream infections caused by 

Pantoea in Kuwait from January 2005 to December 

2006 [5]. Likewise, Pantoea was isolated in 34.7% 

(8/23) in a pediatric unit from a single-center study 

in Turkey (2000-2015) [6]. 

Since it has been isolated from a variety of 

ecological niches and hosts, including plants, 

animals, insects, and humans, the Pantoea genus is 

a diverse group in the Enterobacteriaceae family 

[7]. Pantoea spp. were frequently found attached to 

plants as diseases or epiphytes. This organism is a 

newly emerging opportunistic pathogen. This 

bacteria typically infect immunodeficient hosts or 

newborns [8]. They may also be linked to secondary 

bacteremia or nosocomial infections that are 

connected to medical equipment like intravenous 

catheters or tainted intravenous fluids, as well as 

trauma brought on by plant material penetration 

when conducting agricultural tasks, gardening, or 

children's play [9]. 

Only newborns and young children are 

susceptible to diseases brought on by foodborne 

microorganisms. Neonatal illness development will 

be linked to Pantoea agglomerans contamination of 

powdered infant formula. Therefore, the 

microbiological safety of powdered infant formula 

milk (PIF) is of the most importance. PIF is a 

fantastic medium for bacterial growth because it is 

not a sterile substance. The primary components of 

PIF are bovine milk and plant matter, which are also 

potential sources of several microorganisms that are 

harmful to both children and adults [10]. 

Materials and methods   

Study design  

A cross-sectional, descriptive study from June 2019 

to June 2020 was done in the neonatal intensive care 

unit  (NICU) of Assiut University Children's 

Hospital in Egypt after being approved by the 

Medical Ethics Committee, Faculty of Medicine, 

Assiut University (IRB no. 17300296). 

Patients  

Neonates with suspected neonatal sepsis 

complaining of lethargy, seizures, fever or 

hypothermia, high C-reactive protein (CRP), 

changes in feeding patterns, and symptoms of 

respiratory distress such as tachypnea (respiratory 

rate, >60/min), significant chest indrawing, 

grunting, and cyanosis were included in this study 

[11]. Blood cultures were taken and examined. 

Patients with negative blood cultures were excluded. 

A thorough clinical examination including 

measurements of their temperature, breathing, color, 

presence of lethargy, neurological problems, and 

feeding patterns, a complete blood count, and C-

reactive protein assessment was performed. 

Sampling 

This study included 50 venous blood samples taken 

from neonates with sepsis for blood culture, 50 

powdered infant formula milk (PIF), and 50 

parenteral nutrition (PN) samples which previously 

opened to be consumed in NICU for isolation and 

identification of Pantoea spp. 

Blood culture 

Blood was aseptically collected from a peripheral 

vein and directly inoculated into BacT/ALERT 

blood culture bottles (bioMérieux, Marcy L'Etoile, 

France). The BacT/ALERT 3D equipment 

(bioMérieux, Marcy l'Etoile, France) was used to 

monitor the results. The bottles were incubated for 

seven days at 30 C°, after which positive specimens 

were inoculated onto the blood, MacConkey, and 

violet red bile glucose (VRBG) agars and incubated 

for 24 hours at 30 C° [12].  

Isolation and identification of Pantoea spp. from 

powdered infant formula milk (PIF) 

Isolation was performed basically according to the 

U.S. FDA isolation and enumeration method, 900 

ml of distilled water was combined with 100 g of 

PIF before being gently mixed and incubated for 24 

hours at 30 C°. 90 ml of Enterobacteriaceae 

Enrichment (EE) broth was mixed with 10 ml of the 

pre-enrichment mixture, and the mixture was then 

incubated at 30 C° for 24 hours. A loopful of the 

enrichment culture was streaked onto duplicate 

(VRBGA) plates after incubation, and the plates 

were then cultivated at 30 C ° for 18–24 hours [10]. 

Isolation and identification of Pantoea spp. from 

parenteral nutrition (PN) 

Regarding PN, trypticase soy broth (TSB) and brain 

heart infusion (BHI), respectively, were inoculated 

with one milliliter of PN solution. After 24 hours of 

incubation at 30 C, they underwent another 24 hours 

of incubation at 30 C with the addition of 10 ml of 

the enrichment mixture to 90 ml of 

Enterobacteriaceae Enrichment (EE) broth. A 
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loopful of the enrichment broth was smeared onto 

duplicate (VRBGA) plates and cultured at 30 C° for 

18-24h [13]. 

Confirmation of Pantoea spp. isolates by VITEK 

2 and conventional PCR  

Pantoea creates purple/pink colored colonies on 

VRBGA agar which was reported as a selective 

media for Pantoea spp. Also, it gives convex, 

smooth, punctuate, and umbilicated lactose 

fermenting glistening colonies on  MacConkey agar 

as described by Mardanh et al. [10]. The colonies 

suspected to be of Pantoes were further confirmed 

using VITEK 2 automated microbiology system 

(VITEK 2 GN ID card, bioMeriéux’s) at the 

department of Clinical Pathology, Faculty of 

Medicine, Assiut University. Also, the conventional 

PCR was used to confirm Pantoea spp. using the 

primers: 

PANsp_atpD_fwd:5’GAGGGTAACGACTTCTA

CCAC3’ and PANsp_atpD_rev: 

5’CTGTACGGAGGTGATTGAAC 3’ (Invitrogen, 

United States) [1]. 

PCRs were performed using the thermocycler model 

(simpliAmp, Applied Biosystems, USA). The 

amplification reactions were carried out at a defined 

total volume of 50 μL. The amplification procedure 

included initial denaturation for 3 min at 94 °C, then 

30 cycles were achieved, each consisting of 

denaturation for 30 s at 94 °C, annealing for 30 s at 

58 °C, and extension for 2 min at 72 °C and a final 

extension of 10 min at 72°C. PCR product was 

examined by electrophoresis in 2% (w/v) agarose 

gel as described by Kini et al. [1]. The gel was then 

examined under ultraviolet light, and the result in 

the PCR product was measured against a standard 

DNA ladder (50 base pair ladder) when appearing 

band 330 bp that indicated Pantoea spp [1]. 

Antibiotic sensitivity test 

Isolated colonies of Pantoea spp. were examined for 

their sensitivity against 16 antibiotics using the 

modified Kirby–Bauer disc diffusion method. 

comparing results with CLSI 2021 guidelines [14]. 

Studying the antimicrobial effect of anise oil, 

peppermint oil, hibiscus, and lactoferrin against 

isolated Pantoea spp.:  

Determination of minimum inhibitory 

concentrations (MIC) values of peppermint oil 

and anise oil  

The MIC of anise oil and peppermint oil was 

determined by microdilution according to  CLSI 

2021[14,15]. Serial twofold dilutions were 

performed ranging from 4 to 0.0125% (v/v) from 

essential oil (EO) prepared in trypticase agar with 

0.6 % yeast extract supplement (TSAYE). The 

greatest dilution of samples (anise oil and 

peppermint oil) without detectable growth after 24 

hours of incubation at 30 °C was regarded as the 

MIC. For this study the positive control agent was 

gentamicin 10  μg/mL. Resazurin dye was utilized 

for accurate MIC determination. MIC was defined 

as the lowest amount of EO that prevented the color 

change from blue to pink [16]. 

Agar well diffusion assay for evaluating the 

antimicrobial activity of hibiscus and lactoferrin 

against Pantoea spp.:   

Pantoea spp. colonies were directly suspended in 

0.85% sterile saline from (VRBGA) plates to 

achieve turbidity similar to that of the 0.5 

McFarland standards (about 10^8 CFU/ml). 

Aliquots (100µl) of the solution were applied to the 

surface of sterile (VRBGA) plates and left there for 

24 hours at 30 C. It employed the agar well diffusion 

technique bioassay [17]. 

Each (VRBGA) plate was previously swabbed with 

Pantoea spp. culture, and 0.5 cm wells with a 

diameter of that size were created using a sterile cork 

borer. The prepared solutions (hibiscus aqueous 

extract, lactoferrin, and positive controls gentamicin 

10 μg/mL) were then added to the cut wells in 100 

μl. Plates were kept for 30 minutes at room 

temperature to allow diffusion of substances and 

then were incubated at 30C° for 24 hours. 

antimicrobial activity was determined by measuring 

the diameter of the inhibition zone in mm and 

comparing results with CLSI 2021guidelines [14]. 

Statistical analysis  

Statistical analyses were performed using 

the statistical package for social sciences, version 

16.0 (SPSS Inc., Chicago, IL, United States). Data 

are represented as the mean ± SD for continuous 

variables and as percentages for categorical 

variables, Also the results of the conventional 

culture for Pantoea spp. identification were 

compared to the results from PCR of 16s rRNA 

gene. 

Results  

The clinical and demographic 

characteristics of neonates included in the study are 

summarized in table (1). Pantoea spp. was isolated 

from 3 out of 50 culture-proven sepsis, giving a 

prevalence rate of 6%.Pantoea spp. was detected in 

8/50 PIF samples and 1/50 of PN samples.  



Hassan GM et al. / Microbes and Infectious Diseases 2023; Article-In-Press, DOI: 10.21608/mid.2022.168260.1400                                                                                                                       

 

 

 

The results of the 16 antibiotics used in the 

sensitivity testing performed for the positive cases 

derived from PIF, intravenous solutions, and blood 

are shown in table (2). Pantoea spp. was highly 

resistant to imipenem, nalidixic acid, and ampicillin. 

On the contrary,  Pantoea spp. was sensitive to 

tetracycline, gentamycin, and chloramphenicol.  

The results of the antimicrobial effect of 

anise oil and peppermint oil on Pantoea spp. by 

determination of minimum inhibitory 

concentrations (MIC) values were summarized in 

table (3), which showed that anise oil and 

peppermint oil have an antimicrobial effect against 

Pantoea spp. 

Also, we studied the antimicrobial effect of 

lactoferrin and hibiscus on Pantoea spp. isolates by 

cup diffusion agar method. Results are shown in 

table (4)

 

Table 1. Demographic and clinical data of the study population. 

Variable Number of cases (%) 

Male gender 

Female gender 

Birth weight (g) 

Cesarean section 

Low Apgar score at 1 min 

Low Apgar score at 5 min 

Central line insertion 

Maternal risk factors 

Preeclampsia 

Premature rupture of membranes 

Fever 

Antepartum hemorrhage 

Clinical manifestations 

Enteral feeding 

By oral 

By Ryle 

Fever >37.8_C 

Hypothermia <36_C 

Jaundice 

Respiratory distress 

Apnea 

Pneumonia 

Diarrhea 

Elevated CRP 

Total leukocytic count (cells/ml) 

Mean _ SD 

Median (range) 

Absolute neutrophilic count (<1,000 cells/ml) 

Platelet count (<100 cells/ml) 

30(60%) 

20(40%) 

2,000 (1,000–3,000) 

42 (84%) 

33 (66%) 

12 (24%) 

30 (60%) 

 

4 (8%) 

3 (6%) 

3 (6%) 

1 (2%) 

 

 

 

7(14%) 

36 (72%) 

20 (40%) 

7 (14%) 

16 (32%) 

44 (88%) 

10 (20%) 

17 (34%) 

14 (28%) 

50 (100%) 

11.38_22.97 

23.85 (2.9–49.0) 

4 (8%) 

12 (24%) 

The Apgar score comprises five components: heart rate, respiratory effort, muscle tone, reflex irritability, and color, each of which is given a 

score of 0, 1, or 2. A low Apgar score means a score less than 7 at 1 and 5 min (American Academy of Pediatrics, 2006). Jaundice is a yellow 

discoloration of the sclera. Respiratory distress symptoms include tachypnea, grunting, nasal flaring, and intercostal retractions. Pneumonia 

is evident on a chest X-ray. 
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Table 2. Antimicrobial susceptibility pattern of Pantoea spp. isolates. 

Antimicrobial drug 
No. of resistant 

isolates% 

No.of 

intermediate  

isolates% 

No.of sensitive  isolates% 

Imipenem 12 (100%) 0 0 

Nalidixic acid 12 (100%) 0 0 

Ampicillin 12 (100%) 0 0 

Meropenem 0 2 (16.66%) 10(83.33%) 

Kanamycin 0 2 (16.66%) 10 (83.33%) 

Tetracycline 0 0 12 (100%) 

Gentamycin 0 0 12 (100%) 

Tazobactam/piperacillin 10 (83.33%) 2 (16.66%) 0 

Ceftriaxone 9 (75%) 3(25%) 0 

Cefixime 10 (83.33%) 2 (16.66%) 0 

Amikacin 0 2 (16.66%) 10 (83.33%) 

Trimethoprim/ 

sulfamethoxazole 
0 1 (8.33%) 11 (91.66%) 

Chloramphenicol 0 0 12 (100%) 

Streptomycin 0 1 (8.33%) 11 (91.66%) 

Aztreonam 0 0 12 (100%) 

Ciprofloxacin 10 (83.33%) 2 (16.66%) 0 

 

Table 3. Determination of minimum inhibitory concentration (MIC) of anise oil and peppermint oil against 

Pantoea spp. isolates.  

Strains Antimicrobial agents Final EO addition to TSAYE % (V/V) 

4 2 1 0.5 0.25 

Pantoea spp. Anise oil - - - + + 

Pantoea spp. Peppermint oil - - - - + 

-ve: No bacterial growth. 

+ve: Bacterial growth. 

EO: Essential oil. 

TSAYE: Trypticase soya agar with 0.6 %yeast extract supplement. 

 

Table 4. Inhibition zone (mm) of lactoferrin and hibiscus against Pantoea spp. isolates. 

Samples Inhibition zone in (mm) (Mean ± SD) 

Water extract of hibiscus (29±2) 

Lactoferrin (20mg/ml) (19± 2) 

Gentamycin (10μg/ml) (29±2) 
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Figure 1. Gel electrophoresis of the PCR amplified products for the detection of 16s rRNA of Pantoea spp. lane 

M is a DNA marker 50 base pair by a band, lanes 2 to7 are represented to positive isolates of 16s rRNA gene 

(330bp), lane 1 is positive control obtained from the Department of Clinical Pathology Assiut university and lane 

9 is negative control.  

 

Discussion 

Pantoea spp. is one of the bacteria 

responsible for the largest nosocomial outbreaks in 

the United States in 1970–1971, with 378 cases of 

septicemia. Noteworthy to mention that Pantoea 

agglomerans was the only organism identified 

in 152 out of 378 of these cases and complicated by 

about a 13.4% fatality rate. The contamination of 

threaded screwcaps on bottles of parenteral 

solutions for intravenous injections caused the 

Pantoea epidemic [3]. Additionally, a septicemic 

outbreak caused by Pantoea spp. infection of 

parenteral feeding resulted in Malaysia and involved 

neonates in intensive care with a high fatality rate 

(87.5%) [18]. 

In our investigation, Pantoea spp. was 

isolated from 3 out of 50 culture-proven sepsis (6%). 

After receiving multiple treatments, the clinical 

signs improved in two neonates out of the three 

Pantoea spp. cases. One case, though, had a 

markedly compromised mental and physical state 

and passed away two weeks after admission. 

On the other hand, Six cases of Pantoea 

spp. sepsis were reported by Focà et al. [19] in a 

Calabrian University Polyclinic in Italy in 2006, and 

six pediatric patients in Brazil were the victims of a 

nosocomial epidemic of the disease in 2007 that was 

brought on by contaminated intravenous hydration 

tubing, according to Bicudo et al. [20]. 

Blood is the most typical sample from 

which Pantoea is isolated in newborns. The 

respiratory tract and central venous catheters are the 

most common sources of Pantoea bacteremia. Skin 

infections, peritonitis, and urinary tract infections 

are additional causes of Pantoea bacteremia [21]. 

Another case study reported that between 

January 2005 and December 2006 in Kuwait, five 

out of 1,665 newborn children admitted to two 

distinct NICUs developed nosocomial bloodstream 

infections caused by Pantoea [5]. Additionally, in 

Brazil, Pantoea spp bacteremia was reported in 

seven patients receiving hemodialysis or 

plasmapheresis due to contamination of an 

anticoagulant solution made by the hospital 

pharmacy, according to Boszczowski et al. [22], 

Izzo et al.  [23] reported seven cases of septicemia 

Pantoea spp. in oncologic patients, caused by 

infected catheters at Iseo Hospital, Brescia (Italy).  

Neonatal infections made up 34.7% (8/23) 

of the Pantoea isolates in a single-center study from 

Turkey that examined the clinical and 

microbiological aspects of Pantoea infections in 

pediatric patients from 2000 to 2015 [6]. CDC 

reported that contaminated PN and intravenous fluid 

have been reported to cause sepsis outbreaks. The 

contamination may have been caused by mistakes 

DNA 

ladder (50 

base pair 

by band  

 

330bp 
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made when the pharmacy compounded the PN or the 

solutions [24]. 

In this study, Pantoea spp. were isolated in 

one sample of 50  previously opened and consumed 

PN samples at a percentage of 2%, While Van 

Rostenberghe et al. [18] and Habshah et al.  [13] 

reported the same epidemic of newborn sepsis 

among eight neonates caused by Pantoea spp. that 

was spread by tainted parenteral nutrition (PN) 

solutions from a tertiary care hospital in Malaysia. 

Infant formula made from powdered milk 

is not a sterile product and could be intrinsically or 

externally contaminated with different germs that 

can lead to serious illnesses in young children [10]. 

In this study, 16% (8/50) of the previously opened 

and consumed PIF in the NICU included Pantoea 

spp. This result was greater than the research 

conducted in Iran in 2013 by Mardaneh et al. [10], 

who isolated Pantoea spp. from 125 (PIF) samples 

fed in NICU at a rate of (6.4%). 

Numerous studies have shown that 

antibiotics can successfully eradicate Pantoea spp, 

although extended antibiotic use is not 

recommended as it may lead to the emergence of 

Pantoea antibiotic resistance [25]. 

Early-generation penicillin, early-

generation cephalosporins, broad-spectrum 

cephalosporins, antipseudomonal penicillins, 

fluoroquinolones, aminoglycosides, trimethoprim-

sulfamethoxazole (TMP-SMX), and tetracyclines 

are only a few of the drugs that Pantoea spp. has 

demonstrated resistance [2]. It is well recognized 

that using broad-spectrum antibiotics increases the 

danger of colonization in healthcare facilities and 

the evolution of antibiotic resistance. The 

colonization of the gastrointestinal tract may serve 

as an organism reservoir [26]. In our study, Pantoea 

spp. isolates showed high resistance (100%) to 

imipenem, nalidixic acid, and ampicillin. Variable 

resistance was shown to piperacillin with 

tazobactam, ceftriaxion, and ciprofloxacin at a 

percentage of (83.33%) and to cefixime at a 

percentage of (75%).   

According to Mardaneh et al. [10] 62.5% 

of the isolates were resistant to carbenicillin, 87.5% 

to ampicillin, piperacillin, and mezlocillin, while 

50% of the isolates were resistant to cefotaxime, 

moxifloxacin, co-trimoxazole, and ticarcillin. 

Although Pantoea spp. was discovered to be 

resistant to ampicillin and cefazoline in a 2009 study 

by Liberto et al. [27]. Over 15 years in pediatric 

patients, the antimicrobial susceptibility of Pantoea 

spp. revealed that 21.4% of isolates were resistant to 

carbapenem [6]. 

Adam and Darweesh [25] reported that 

Pantoea spp isolates were highly resistant to 

amoxicillin(90%), and gentamicin (87.5%). While 

the resistance to cephalothin (57.5%), cefotaxime 

(57.5%), and ciprofloxacin (52.5%) was different. In 

contrast, we observed in our study that Pantoea spp 

was highly sensitive (100%) to gentamycin, 

tetracycline, chloramphenicol, and aztreonam while 

it was sensitive to TMP-SMX and  streptomycin at 

a percentage of (91.66%)  and sensitive to amikacin, 

meropenem, and kanamycin at a percentage 

(83.33%). Liberto et al. [27] had similar 

observations for susceptibility to meropenem 

recorded by Tiwari et al. [28]  who treated 

successfully neonatal sepsis with intravenous 

Meropenem. 

Strong antifungal and antibacterial 

properties can be found in essential oils (EO), which 

are extracted from a variety of plants. Additionally, 

several studies noted that EOs have potent 

antibacterial effects on microorganisms [29]. In this 

study, we studied the antibacterial effect of anise oil 

and peppermint oil against Pantoea spp by using 

minimal inhibition concentration (MIC ) methods. 

The results showed that the MIC of Anise oil was 

1% (v/v) while the results obtained by Topuz et al.  

[30] were 0.75 %  (v/v). On the other hand, the MIC 

of Peppermint oil was 0.5 (v/v)%  This result is 

correlated well with those obtained by Liang et al. 

[31].  

The peppermint oil, which contains 

pulegone, menthone, menthol, carvone, 1, 8-cineole, 

limonene, and b-caryophyllene as well as phenolic 

chemicals like -pinene, citronellol, and methyl 

eugenol, is thought to be responsible for its 

antibacterial properties [32]. The lipophilic 

components of peppermint oil may easily flow 

through cell membranes, acting as an antibacterial 

agent by rupturing the membrane and killing germs 

[32]. 

The main compound of anise is anethole, 

which is characterized by amphiphilic properties, 

which permit the interaction with the cytoplasmic 

membrane, membrane fluids, proteins, lipids, and 

other molecules vital to microbes cells [33]. While 

Dorman and Deans [34] showed in their study that 

β-linalool and eugenol were responsible for the 

antibacterial activity which find in anise oil. 

Medicinal plants continue to play a central 

role in the healthcare systems, especially in 



Hassan GM et al. / Microbes and Infectious Diseases 2023; Article-In-Press, DOI: 10.21608/mid.2022.168260.1400                                                                                                                       

 

 

 

underdeveloped nations where the use of herbal 

medicine has a long and continuous tradition. The 

discovery of multidrug resistance in several reports 

on dangerous bacteria in humans and animals, 

together with an unfavorable antibiotic side effect, 

has sparked intense interest in the quest for new 

antimicrobial medications with plant origins [35]. 

Hibiscus surattensis L.calyces essential oil 

was found to have a stronger antibacterial impact 

against a variety of foodborne pathogens in the 

Akarca [36] investigation. It is estimated that the 

antibacterial effect is due to the composition of the 

calyces essential oil such as β-caryophyllene, 

menthol, methyl salicylate, camphor, and 

germacrene. In this study, we estimated the 

antibacterial effect of watery extract hibiscus against 

Pantoea spp. and recorded inhibition zones ranging 

from (27mm to 31mm). These results are consistent 

with that of Al -Alak et al. [37]  who found that 

watery extracts of hibiscus recorded inhibition zones 

ranging from 10mm to 32 mm in five bacterial 

species, including Enterobacter spp. 

The mucosal immune system and body 

have a key place for lactoferrin. The mucosal tissue 

is the first system to adhere to and respond to 

microbial pathogens due to lactoferrin production. It 

prevents the growth of fungi, viruses, and both 

Gram-positive and Gram-negative bacteria. It has 

the ability to bind to free iron, which is necessary for 

bacterial development and causes lactoferrin to have 

a bacteriostatic effect. Lactoferrin is an essential 

protein that can prevent the growth of harmful 

bacteria in the stomach and limit tissue or cell 

damage [38]. In this study, we studied the 

antibacterial effect of lactoferrin (20mg/ml) on 

Pantoea spp. in vitro, which gave an inhibition zone 

(19±2) mm. Hameed [39] indicated that lactoferrin 

at a concentration of 20mg/ml had a maximum 

inhibitory effect against Cronobactar sakazakii. and 

concluded that bovine lactoferrin may have potential 

usefulness for the prevention of infection by C. 

sakazakii in foods such as infant formula. Jahani et 

al. [40] reported that lactoferrin had an antimicrobial 

effect on Gram-positive and Gram-negative 

bacteria.  

Conclusion 

Pantoea spp. should be considered one of 

the pathogens responsible for neonatal sepsis, which 

necessitates implementing infection control 

strategies. Also, PIF and PN may be considered the 

source of Pantoea spp. infection at the 

NICU. Pantoea spp. showed high resistance against 

imipenem, nalidixic acid, and ampicillin, whereas it 

was sensitive to gentamycin, tetracycline, 

chloramphenicol, and aztreonam. Anise oil, 

peppermint oil, hibiscus, and lactoferrin had an 

antimicrobial effect against Pantoea spp. in vitro. A 

large epidemiologic study is required to reinforce 

these results. 
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