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Background: Multidrug resistant (MDR) bacteria inside hospitals are a major health 

problem which prolongs the hospital stay, increases the treatment costs and worsen the 

prognosis of patients. Vancomycin resistant enterococci (VRE) represent a group of 

MDR bacteria which came into the spotlight in the last decades. In Egypt, the problem is 

not well estimated especially in pediatric settings. Objectives: The objective of this work 

was to estimate the rate of VRE colonization inside Pediatric intensive care units (PICU) 

of Zagazig University Hospitals. Methodology: A total of 168 children admitted to PICU 

were surveyed for nasal and perirectal colonization by VRE. Phenotypic identification of 

the genus was performed and further species identification was done using PCR 

technique. VanA and VanB resistance genes were screened using specific primers for 

each. Results: Among the 168 children investigated, 47 (27.98%) were colonized by 

enterococci; 41 rectal and 6 nasal colonization. Only 7 isolates (14.9%) were identified 

as vancomycin resistant. The overall VRE colonization rate was 4.17% among the PICU 

children investigated. The colonization rate was significantly higher among children 

exceeded 7 days of hospital stay inside PICU. Thirty one (65.96%) isolates were 

identified as E. fecalis and 10 (21.28%) were identified as E. faecium. Six isolates 

(12.76%) were not identified by PCR reaction. VanA gene was detected in 4 of the VRE 

isolates while none of the isolates revealed VanB gene product. Conclusion: Generally 

the incidence of VRE colonization in the current study is considered low in comparison 

to other groups of MDR bacteria and to other geographic distribution. 

 

INTRODUCTION 
 

Enterococci are known to be a normal inhabitant of 

GIT in Human and other mammals 
1
. They have 

emerged recently to be a leading cause of multidrug 

resistance inside hospitals and different medical 

settings. The enterococci taxonomy has expanded in the 

last decade to include more than forty different species 

with variable habitats and distinct clinical and 

microbiologic characters 
2
.  

Among the different species of enterococci, E. 

faecalis and E. faecium are responsible for more than 80 

% of human enterococcal infections
3
.  

The GI tract of human, the skin, the upper 

respiratory tract, the vagina and the oral cavity are 

colonized by different microbial communities which 

collectively constitute the normal human microbiota
4
. 

The enterococcal colonization inside the intestinal tract 

is hindered by many barriers including other intestinal 

microbiota, low pH in the stomach, duodenum, and 

jejunum, which limit the presence of Enterococcus 

species to the ileum and the colon. The intestinal 

epithelial cells produce a protein termed lectin REGIIIγ 

which blocks Gram-positive bacteria in response to the 

abundant gram negative bacteria in the lumen. Heavy 

exposure to antibiotic treatment inside hospitals lessens 

the load of Gram-negative bacteria and, consequently, 

decreases the production of REGIIIγ. This supports the 

massive colonization of the gut with Gram positive 

bacteria such as enterococci and Clostridium difficile 

especially drug-resistant strains such as vancomycin-

resistant enterococci (VRE)
5
. The unusual sticking 

between the enterococci and the epithelial cells may 

prime the translocation of the bacteria to the blood or 

the lymphatic system leading to human infections 
6
. 

Currently, enterococci rank among chief causes of 

bloodstream, urinary tract and surgical wound 

nosocomial infections 
7
. They are also commonly 

isolated from mixed infections in association with 

obligate anaerobes from deep seated infections 
8
. In the 

US, among 84,050 isolates of enterococci from different 

infection sites in different hospitals, 20.6% were 

vancomycin-resistant. However, 75% of the resistant 

isolates were E. faecium
6
. In another US study, an 

overall VRE prevalence of 30.4% were reported, with 

also significant difference between species where 76% 

of E. faecium isolates were resistant and only 4.5% for 

Enterococcus faecalis showed vancomycin resistance 
9
. 
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Similar trends have been also reported for the European 

Union
6
. 

In pediatric settings, colonization and infection by 

VRE is not an uncommon event. In a Turkish study, 

9.5% of the children admitted to PICU were found to be 

colonized with VRE over the study period. Systemic 

infections by VRE developed later in 10.2% of the 

colonized patients
10

. 

Enterococci have an intrinsically resistance to 

numerous antibiotics. In addition, it can acquire gene 

mutations and extra-genes via conjugation plasmids and 

high-frequency recombination or conjugative 

transposons that increase its ability to resist 

antimicrobials
11

. 

The mechanism of Glycopeptide resistance is often 

caused by either replacement of the terminal D-Ala of 

peptidoglycan precursors with D-lactate (D-Lac), or 

with D-Ser. The genetic basis involves VanA, VanB, 

VanC, VanD, VanE, VanG and VanM genes
12

, however 

VanA and VanB are the most likely encountered 

globally
13

.  

Although many studies in Arab countries 

investigated VRE from different nosocomial 

infections
14,15,16

, to our knowledge no published study 

investigated the colonization of VRE in pediatric age. 

The objectives of this work were to determine the 

prevalence of colonization with VRE in children 

admitted to PICU inside Zagazig University Hospitals 

and to identify the genetic basis of resistance in these 

children. 

 

METHODOLOGY 
 

This study included (168) children 99 males and 

69 females, their ages ranged from 1 month to 12 years. 

Patients with duplicate admissions during the study 

period were excluded. 

Collection of Samples and Enterococcal isolation: 

After taking written consent from parents, nasal and 

perirectal swab samples were collected from each 

patient under complete aseptic conditions and directly 

transferred to the Microbiology laboratory. Samples 

were cultivated on Azide Dextrose Broth (Oxoid, 

England) over night at 37
o
C. Subculture on Bile esculin 

agar (BEA) (Oxoid, England) was later performed and 

incubated at 44
o
 C for 24 hours. Sodium azide inhibits 

growth of gram-negative bacteria, allowing enterococci 

to grow. Characteristic pinpoint colonies on BEA with 

black zone around were subcultured on Mueller Hinton 

Agar (MHA) with 6% NaCl (Oxoid, UK) at 45°C for 

confirmation. 

Antibiotic susceptibility tests: 

All Enterococcal isolates were tested for antibiotic 

susceptibility on Muller-Hinton Blood agar by disk 

diffusion method using the following antibiotic discs 

(Oxoid, England): Vancomycin 30µg, Ampicillin 10µg, 

Tetracycline 30µg, Ciprofloxacin 5µg, Imipenem 10µg, 

Cefoxitin 30µg, Cephalexin 30 μg, Erythromycin 15 μg, 

Oxacillin 1 μg, Penicillin G 10 IU and  amoxacillin 30 

μg. Diameters of inhibition zones were measured and 

isolates were identified as sensitive, intermediate or 

resistant according to CLSI standards (2014)
17

. 

Strains revealed to be resistant or intermediate to 

vancomycin by disc diffusion method were further 

tested by E test (BioMerieux, France) technique for 

determining the MIC (in µg/mL). The vancomycin MIC 

value was read from the graduated scale in terms of 

µg/mL where the ellipse edge intersects the strip. The 

cutoff MIC used for detection of VRE was ≥ 32 µg/mL 
18

. 

Molecular identification 

Since more than 80-90% of medically important 

enterococci are either E. faecalis or E. faecium, a 

separate PCR reaction targeting D-ala:D-ala ligase (ddl) 

genes of E. faecalis and E. faecium was done to identify 

the enterococci species. The vancomycin-resistance 

genes were investigated using specific primers for vanA 

and vanB genes. All the primer sequences used have 

been described previously 
19

 and were obtained from 

Biolegio (Netherlands) (Table 1). 

 

 

 

 

Table 1: Oligonucleotides primers used for identification of enterococcal species and mechanism of resistance 

Primer designation Sequences (5 →3) Product size (bp) 

E. faecium ddl F TTGAGGCAGACCAGATTGACG 
658 

E. faecium ddl R TATGACAGCGACTCCGATTCC 

E.faecalis ddl F ATCAAGTACAGTTAGTCT 
941 

E.faecalis ddl R ACGATTCAAAGCTAACTG 

vanA F GGGAAAACGACAATTGC  
732 

vanA R GTACAATGCGGCCGTTA  

vanB F GTGCTGCGAGATACCACAGA 
635 

vanB R CGAACACCATGCAACATTTC 
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DNA extraction from isolated colonies was done 

using I-genomic BYF DNA Extraction Mini Kit 

(iNTRON Biotechnology, Inc) following manufacturer's 

instructions.  

DNA amplification was done using 2x Taq PCR 

Master Mix (Qiagen). For each reaction, a total volume 

of 20 µl was obtained using 10 µl of 2x Taq PCR 

Master Mix, 1 µl (10 pmole) of each of forward and 

reverse gene specific primers, 4 µl of template DNA and 

4 µl of RNAse free water into PCR tubes. Thermal 

cycler (Applied Biosystems, Veriti
TM

 96-Well) was 

programmed to perform a one-step initial denaturation 

at 94
o
C for 5 min, followed by 35 cycles of (94

o
C for 45 

sec, 50ºC for VanA and E. faecalis ddl or 55ºC for VanB 

and E. faecium ddl for 1 min, and 72ºC for 1 min), with a 

final elongation step of 7 min at 72ºC. 

10 µl of the negative control and 10 µl of each PCR 

product were loaded on agarose gel after addition of 

loading dye and electrophoresis was performed. For 

each gene a separate PCR reaction was performed. All 

isolates phenotypically identified as enterococci were 

subjected to molecular identification. Only isolates 

which revealed to be resistant or intermediate to 

vancomycin was further investigated for VanA and 

VanB detection by PCR. The amplified DNA products 

were identified by appearance of a sharp band at the 

corresponding molecular weight size as shown in table 

1. 

 

RESULTS 
 

A total of 336 nasal and perirectal samples were 

obtained from 168 pediatric ICU admitted patients. 

Only 47 samples (13.99%) (39 perirectal and 8 nasal 

samples) showed growth of enterococci on BEA. The 

antibiotic sensitivity testing of the isolated enterococcal 

strains (Table 2) revealed that the highest incidence of 

resistance was towards Oxacillin 97.9% and 

Erythromycin 97.9% followed by Cefoxitin 93.6%. 

Fortunately, the least incidence was against vancomycin 

14.9%. This points that vancomycin is still an effective 

choice for treatment of Enterococcal infection in our 

hospitals. The resistance to Ciprofloxacin and to 

Cephalexin was also high 87.2% and 89.4% 

respectively. Penicillin G, ampicillin, amoxicillin, 

tetracycline and imipenem resistance rates were 70.2, 

63.8, 55.3, 61.7% respectively. 

 

 

 

Table 2: Disc diffusion results of the 47 enterococcal strains in the studied group: 

Antibiotic 

Antimicrobial Susceptibility Patterns Of HAI Cases 

Susceptible Resistant 

No % No % 

Ciprofloxacin  6 12.8 41 87.2 

Cephalexin 5 10.6 42 89.4 

Oxacillin 1 2.1 46 97.9 

Cefoxitin 3 6.4 44 93.6 

Ampicillin 17 36.2 30 63.8 

Amoxacillin 21 44.7 26 55.3 

Tetracycline 18 38.3 29 61.7 

Erythromycin  1 2.1 46 97.9 

Penicillin G  14 29.8 33 70.2 

Vancomycin  40 85.1 7 14.9 

Imipenem  17 36.2 30 63.8 

 

 

 

Many socio-epidemiologic, clinical and laboratory 

criteria were investigated in all patients including age, 

sex, residence, breast or artificially feeding, total 

parenteral nutrition (TPN), length of stay in PICU, 

vancomycin intake and other antibiotics intake in 

addition to laboratory investigations "CBC and CRP". 

Except for a statistically significant difference regarding 

length of PICU stay between VRE and VSE (Table 3), 

there was no significant correlation between 

enterococcal colonization and enterococcal vancomycin 

resistance with any of the clinical or laboratory criteria 

investigated in the studied subjects. 
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Table 3: Comparison of the clinical data between VRE and VSE enterococci in the studied group: 

 

Variable 

 

VRE (7) VSE (40)  

χ² 

 

P Perirectal (6) 

No (%) 

Nasal (1)  

No (%) 

Perirectal (35) 

No (%) 

Nasal (5) 

No (%) 

PICU stay 

<1 week 

>1 week 

 

1 (16.77%) 

5 (83.33%) 

 

0 (0.0%) 

1 (100.0%) 

 

30 (85.7%) 

5 (14.28%) 

 

5 (100%) 

0 (00.0%) 

26 0.001** 

Ventilation 

No 

Yes 

 

2 (33.33%) 

4 (66.67%) 

 

1 (100.0%) 

00 (00.0%) 

 

18 (51.42%) 

17 (48.57%) 

 

2 (40.00%) 

3 (60.00%) 

2.6 0.8 

Vomiting 

No 

Yes 

 

1 (16.67%) 

5 (83.33) 

 

00 (00.0%) 

1 (100.0%) 

 

18 (51.42%) 

17 (48.57%) 

 

1 (20.00%) 

4 (80.00%) 

6.1 0.4 

Diarrhea 

No 

Yes 

 

5 (83.33%) 

1 (16.67%) 

 

1 (100.0%) 

0 (00.0%) 

 

30 (85.7%) 

5 (14.28%) 

 

4 (80.00%) 

1 (20.00%) 

2.5 0.8 

Vancomycin intake 

No 

Yes 

 

2 (33.33%) 

4 (66.67%) 

 

1 (100.0%) 

0 (00.0%) 

 

22 (62.86%) 

13 (37.14%) 

 

3 (60.00%) 

2 (40.00%) 

10.3 0.08 

** Statistically significant difference (P ≤ 0.05) 

 

 

Regarding molecular identification of the 

enterococcal species using specific gene primers for E. 

fecalis ddl and E. faecium ddl, a specific band at sizes 941 

bp, 658 bp was identified as E. fecalis and E. faecium 

respectively (Fig. 1-A, 1-B). Among the 47 isolates of 

enterococci isolated, 31 (65.96%) were identified as E. 

fecalis and 10 (21.28%) were identified as E. faecium 

using PCR reaction (Table 4). Six isolates (12.76%) 

were not identified by PCR reaction. Four isolates of the 

E. faecium were VRE, where 3 of E. fecalis were 

resistant to vancomycin (Table 4).  

Investigating the genes specific for vancomycin 

resistance was done using VanA and VanB genes 

specific primers. Among the 7 VRE isolates, only 4 

were identified to harbor VanA gene while none of the 

isolates revealed VanB gene product. Three isolates 

were negative for both genes. 

 

 

a   b  
Fig. 1-A: Lane 1 contains the negative control (no template). Lane 2 contains a 100 bp DNA size marker (Thermo 

Fisher Scientific), Lanes 3, 4 and 6-7 contain E. faecium ddl gene product at approximately 658 bp. Lane 4 contains a 

negative PCR sample for the gene. Fig. 1-B: Lane 1 contains a 100 bp DNA size marker (iNTRON Biotechnology, Inc). 

Lane 2 contains the negative control (no template). Lanes 3, 6-15 contain E. fecalis ddl gene product at approximately 

941 bp. Lanes 4 and 5 contain a negative PCR for the gene. 
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Table 4: Frequency of VRE and VSE and non-enterococci in nasal and perirectal samples 

 

VRE 

faecium 

No (%) 

VRE 

faecalis 

No (%) 

VSE 

faecium 

No (%) 

VSE 

faecalis 

No (%) 

Non-

typable 

No (%) 

No enterococci 

No (%) 

Nasal (n= 168) 1 (0.59) 1(0.59) 1(0.59) 3(1.78) 2(1.19) 160(95.24) 

Perirectal (n=168) 3(1.48) 2(1.19) 5(2.98) 25(14.88) 4(2.38) 129(76.78) 

Total (n=336) 4(1.61) 3(0.89) 6(1.79) 28(8.33) 6(1.79) 288(85.71) 

 

 

 

Table 4 shows the distribution of isolates whether 

VRE or VSE among the nasal and rectal samples in 

addition to the species type according to the molecular 

identification performed. Most of enterococci isolates 

were obtained from rectal swab samples (39 out of 47). 

E. fecalis were the predominant species, however VRE 

faecium isolates (4) were more than VRE fecalis (3). 

  

DISCUSSION 
 

VRE is responsible for resistant infections in 

susceptible populations, including children especially 

hospitalized groups. This is usually preceded by 

colonization either in GIT or in the URT. In the current 

study, we investigated a PICU admitted children for 

VRE colonization and possible associated factors. Out 

of 168 children investigated, 47 were recognized to 

have enterococcal colonization with an overall 

incidence of 27.98%. However, only 7 isolates (14.9%) 

were identified as vancomycin resistant. The overall 

VRE rate of colonization among the pediatric 

population of our study was 4.17%. The VRE rate was 

significantly higher among children exceeded 7 days of 

hospital stay inside PICU (Table 3). This rate is less 

than that described in different adult population 

previously reported rates which ranged from 10 to 

40%
20,21,22

. These higher rates in the other groups may 

be attributed to the different age group investigated, and 

the different co-morbidities such as neutropenia, 

immune-compromisation, disturbance of the GIT 

mucosal lining by intake of chemotherapeutic agents, 

use of different invasive devices and frequent 

hospitalization.  

In a British children Hospital study, GIT 

colonization with VRE was identified in 38.3% of 

Hematology/Oncology and 11.1% of Hepatology and 

Gastroenterology patients. However, in the Pediatric 

Intensive Care and Renal Units, VRE gastrointestinal 

colonization was found in only 2.3% and 1.5% of 

children respectively. Six children only were colonized 

at extra-intestinal sites
23

. In a Turkish study, Flokas et 

al. (2017) reported an overall VRE colonization in a 

paediatric intensive care unit (PICU) of 5% but the rate 

in the hematology and oncology units was 23% 
24

. The 

low incidence of the VRE colonization in PICU in our 

study (Table 4) and in these studies in comparison to 

other units suggested a possible role of the type of 

patients and the disease involved since patients in 

Hematology, oncology and hepato-gastroentrology units 

are expected to stay for longer time and to have more 

frequent hospitalization. 

The geographic distribution of the study also could 

have its role. Different rates from different geographic 

localities were reported. In another Turkish study, 9.8% 

of the PICU patients were found to be colonized with 

vancomycin resistant enterococci.
10

 

In an Iranian study, out of 180 E. faecalis isolates 

obtained from children with different types of infection, 

only 8 cases were isolated from PICU. In their study 

16% of the isolates were resistant to vancomycin
1
. 

The only risk factor revealed to be associated with 

vancomycin resistance in our study was the prolonged 

stay more than 7 days (Table 3). The same factor was 

almost prevalent in similar studies
1,10,24

. 

Generally, the frequency of resistance to different 

groups of antibiotics such as Methicillin Resistant 

Staphylococcus aureus -

lactamases (ESBL), and multidrug resistant organisms 

is high in Egyptian Hospitals and in many developing 

countries due to non-rationalized use of antibiotics
25

. 

However, it seems that the situation is different 

regarding the prevalence of VRE. This may be 

attributed to the high cost, low availability of the drug in 

pharmacies and the absence of oral or intramuscular 

forms of the drug. This makes it only available in 

infusion form and restricts its use to hospitals. 

Fortunately, all these factors may be involved in a 

relative low incidence of enterococcal resistance to 

vancomycin in Egypt. 

Although previous intake of vancomycin has been 

linked with development of VRE colonization in adult 

and pediatric populations
24,26–28

 However, in this study 

this correlation was not proved. The low number of 

VRE detected could be a reason. Further studies with 

larger number of the patients are needed to accurately 

evaluate the association of intake of vancomycin or 

other anti-bacterial drugs on the prevalence of VRE 

colonization and infection in pediatric population in our 

hospitals. 

Enterococci generally and VRE strains frequently 

show resistance to other antimicrobials
29

. In our study, 

almost all strains were resistant to at least 3 antibiotics. 

However, the least incidence of resistance was against 

vancomycin (Table 2). This points that vancomycin is 
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still an effective choice for treatment of Enterococcal 

infection in our hospitals. Apart from low vancomycin 

resistance, these rates of resistance against most of the 

other antibiotics are higher than levels of enterococcal 

resistance observed in many other studies
30,31

. 

The Respiratory diseases were the commonest cause 

of PICU admission in our study. Similar finding was 

reported previously
32

. However neither of the clinical 

conditions predisposed to admission nor the invasive 

techniques investigated were associated with increased 

risk of VRE colonization. 

Molecular identification to species level and 

determination of Glycopeptide resistance of enterococci 

was used before and revealed to be an efficient 

method
33

. In this study, using PCR revealed that most of 

isolates were E. fecalis (65.96%) and 21.28% were 

identified as E. faecium. However six isolates (12.76%) 

were non-typable by PCR reaction. The non typable 

strains by PCR are most probably other species of 

enterococci since the primers used were specific for E. 

fecalis and E. faecium ddl genes. The other possibility is 

that one or more of these isolates were incorrectly 

identified as enterococci using phenotypic methods. The 

species distribution is similar to that reported in another 

Egyptian study
34

. However, the prevalence of E. 

faecium was higher in a comparable PICU study in 

Pakistan
35

. Four out of 10 E. faecium isolates were VRE 

(40%), while only 3 out of 31 E. fecalis showed 

resistance to vancomycin (9.68%) (Table 4). This is 

consistent with many reports from different 

geographical locations and in different studies which 

confirmed that the frequency of vancomycin resistance 

among E. faecium isolates are much higher than its 

presence in E. fecalis
9,36

. 

In conclusion, we can say that unlike the high 

frequency of resistance to different antimicrobials which 

could be met in our hospitals, it seems that colonization 

with vancomycin resistant enterococci is not much high 

as expected, at least in pediatric ICU settings.  However, 

similar or more comprehensive studies are needed to 

cover other units especially oncology and hematology 

units. As a last resort in many severe infections by gram 

positive bacteria, the use of vancomycin should be 

restricted to hospitals and to only those with resistant 

infection by Staphylococcus aureus and enterococci not 

responding to other treatment. Strengthening infection 

control measures should be taken into consideration to 

stop the spread of these resistant microbes among 

pediatric populations in our ICUs. 
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