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Surveillance of multidrug-resistant gram-negative bacilli in a neonatal intensive care unit: prominent role of cross transmission Caterina Mammina, MD,a Paola Di Carlo, MD,b Domenico Cipolla, MD,c Mario Giuffre`, MD,c Alessandra Casuccio, BSc,d Vincenzo Di Gaetano, MD,a Maria Rosa Anna Plano, MD,a Emma D’Angelo, MD,a Lucina Titone, MD,b and Giovanni Corsello, MDc Palermo, Italy



Background: Multidrug-resistant gram-negative bacilli (MDRGN) are an important cause of nosocomial infections in neonatal intensive care units (NICUs). We conducted a 1-year prospective surveillance study in an NICU to assess the epidemiology of MDRGN among newborns and the relative importance of acquisition routes. Methods: Neonates admitted at the NICU of the Dipartimento Materno-Infantile, University Hospital, Palermo, Italy, from January 7, 2003, to January 6, 2004, were included in the study. Colonization of patients with MDRGN was assessed by cultures of rectal swabs sampled twice a week. Pulsed-field gel electrophoresis was used to determine relatedness among MDRGN isolates. Extendedspectrum b-lactamases (ESBL) and metallo-b-lactamases (MBL) production was investigated. The association between risk factors at admission and during the NICU stay was analyzed by multivariate logistic regression analysis. Results: During the 12-month period January 7, 2003, through January 6, 2004, 1021 rectal swabs were cultured from 210 infants. One hundred sixteen infants (55.2%) were colonized by MDRGN. The monthly incidence of acquisition of MDRGN ranged between 12 and 53 cases per 1000 patient-days. Eighty-four (72.4%) of the 116 patients were cross colonized. Exclusive feeding by formula was significantly associated with cross transmission (RR 5 1.8, P 5 .02). Fifty-seven (49.1%) of the 116 infants were colonized by ESBL-producing Enterobacteriaceae. Feeding by formula was significantly associated with colonization by ESBL-producing Enterobacteriaceae (RR 5 1.6, P 5 .007), whereas breastfeeding proved to be protective (RR 5 0.5, P 5 .001). Ninety-two (43.8%) of the 210 infants received antibiotics during the NICU stay, but exposure to those most frequently administered, ampicillin-sulbactam and gentamicin, was not significantly associated with MDRGN colonization. Conclusion: The emerging picture of this study is that spread of MDRGN in an NICU may be the result of diffuse cross transmission and, consequently, of poor infection control procedures. (Am J Infect Control 2007;35:222-30.)



Nosocomial infections are an important problem in neonatal intensive care units (NICUs), in which environmental and host factors often contribute to higher rates of infection than pediatric and adult ICUs.1-3 Since the 1980s, NICUs more and more frequently provide care for high-risk infants, including very-lowbirth-weight (VLBW) and chronically ill infants, and the need of prolonged stay along with large use of invasive life support measures increases the opportunity for acquisition of late-onset nosocomial infections.3
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Infections with gram-negative bacilli that are resistant to many commonly used antibacterial drugs are increasingly reported in NICUs.4-10 The major endogenous reservoir of multidrug-resistant gram-negative bacilli (MDRGN) is the intestinal tract of hospitalized infants.11 The large use of antimicrobial drugs and cross transmission via the hands of caregivers, contaminated equipment, or inanimate objects play a prominent role in selection and dissemination of MDRGN, and failures in infection control practices can be responsible for diffuse horizontal spread.4-8,10 The incidence of infections caused by organisms resistant to the b-lactam agents has also sharply increased in recent years and has often been associated to clonal outbreaks.5,8 There have been several attempts to characterize the epidemiology of nosocomial MDRGN by identifying risk factors for their acquisition and using molecular typing to trace horizontal transmission between newborns.4,6,8-10 However, in ‘‘endemic’’ contexts, dynamics of transmission of MDRGN are expected to be widely variable, depending on interaction between human and environmental ecology of NICUs. Indeed,
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surveillance studies have yielded quite different findings: drug-resistant bacilli clonally related on the basis of molecular analysis accounted for proportions varying between 12% and more than 50% of isolates from colonized patients.4,7-10 A prospective study was performed in the NICU of the Dipartimento Materno-Infantile, University Hospital, Palermo, Italy, to address the epidemiology of MDRGN among newborns and determine by using pulsed-field gel electrophoresis (PFGE) the frequency of cross transmission. Risk factors for acquiring MDRGN in the NICU were also identified.



METHODS Setting We conducted a 1-year prospective surveillance study in the NICU of the University Hospital of Palermo, Italy. The unit is part of the Dipartmento Materno-Infantile, which is a reference center for congenital malformation in Sicily. The department includes also units of infertility and assisted reproduction and materno-fetal medicine. In the NICU under study, approximately 200 patients are usually admitted annually, including approximately 15% of VLBW newborns (birthweight ,1500 g). The NICU is divided into 2 rooms connected by sliding doors. Sinks are available in each room. Gloves are used routinely in aseptic procedures. The average patient-to-nurse ratio is 3:1 and 2:1 in the intermediate care and intensive care section, respectively. Prematurity is the most common reason for admission to the NICU (approximately 70%). Other diagnoses for admission include respiratory distress, congenital malformation, surgical conditions, and infections. First-line therapy for suspected early-onset sepsis is a combination of ampicillin-sulbactam plus gentamicin.



Patients All patients admitted from January 7, 2003, to January 6, 2004, who remained hospitalized for at least 48 hours in the NICU and from whom at least 1 rectal swab culture could be obtained were enrolled in our study. Demographic, clinical, and microbiologic data were prospectively collected and entered into an Access Database (Microsoft Corp, Redmond, WA). The following parameters were recorded for all patients: demographic characteristics, gestational age, birth weight, inborn or outborn condition, delivery type, APGAR score, length of stay, comorbidity conditions. During the NICU stay, data regarding use and duration of the following devices and procedures that could be considered as possible risk factors were also collected: antimicrobial therapy, central venous and peripheral
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catheterization, nasogastric and endotracheal tube insertion, and type of feeding (ie, parenteral, breast milk, formula or mixed, breast milk plus formula). A rectal swab culture yielding gram-negative bacilli in absence of clinical symptoms and signs was considered evidence of colonization. Nosocomial infection was identified according to the recommendations of the Centers for Disease Control and Prevention, Atlanta, GA.12 Diagnosis of infection was based on the presence of clinical symptoms and signs, laboratory findings (blood C-reactive protein level, white cell formula), and culture results. Congenital anomalies were defined as conditions listed under the International Classification of Disease (ICD-9) codes 740 to 759.



Microbiologic surveillance Rectal swabs were collected twice a week every Tuesday and Friday from all infants throughout their NICU stay. These were inoculated onto 1 MacConkey agar plate per swab to obtain a continuous lawn after overnight incubation in ambient air at 378C. Four antibiotic disks, containing gentamicin (10 mg), amoxicillin-clavulanic acid (20-10 mg), imipenem (30 mg), ceftazidime (30 mg), were placed on each plate before incubation, as previously described.13 Selective media were not used so that colonization by gram-negative bacteria susceptible to antimicrobial drugs could be detected. After incubation, plates were examined and, colonies growing into each antibiotic inhibition halo were Gram’s stained and subcultured for purity. Next, after biochemical identification by API20E or API20NE (BioMerieux, Marcy-l’Etoile, France), susceptibility to a panel of 10 antimicrobial substances was assessed by disk diffusion on Mueller-Hinton agar plates, according to the National Committee for Clinical Laboratory Standards guidelines.14 The following antimicrobials were tested: ampicillin (30 mg), amoxicillin-clavulanic acid (30 mg), carbenicillin (10 mg), cefotaxime (30 mg), ceftazidime 30 mg), ceftriaxone (30 mg), cefepime (30 mg), imipenem (30 mg), aztreonam (30 mg), and gentamicin (10 mg). For the purpose of our study, a gram-negative organism resistant to at least 3 different groups of antimicrobial agents (penicillins, cephalosporins, aminoglycosides, carbapenems) was defined as MDRGN, and a gram-negative organism resistant to 2 or less groups of antimicrobial agents was defined as susceptible. Extended-spectrum b-lactamase (ESBL) production was detected by decreased susceptibility or resistance to third-generation cephalosporins and the synergy between disks containing cefotaxime, ceftazidime, cefepime, and aztreonam and a disk containing amoxicillin-clavulanic acid.15 Metallo-b-lactamases (MBL) production by imipenem-resistant strains of Pseudomonas
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aeruginosa was detected by the EDTA-imipenem disk synergy test.16



Molecular methods To evaluate the frequency of cross transmission, PFGE was performed on all available isolates associated with colonization, except for multiple isolates of the same species obtained from the same infant that did not exhibit differences in $1 biochemical reaction and/or in susceptibility to $1 antimicrobial agent. Chromosomal DNA was digested using XbaI endonuclease and resolved by PFGE in a CHEF-Mapper apparatus (Bio-Rad, Hercules, CA). Restriction fragment bands were compared and analyzed using the Diversity Database software (Bio-Rad). Strains were interpreted as undistinguishable, closely related, possibly related, or unrelated strains according to the criteria of Tenover et al.17 Polymerase chain reaction (PCR) amplification of CTX-M and SHV-5 type ESBLs and VIM type MBL sequences were performed as previously described.18,19



Statistical analysis The association between potential risk factors and MDRGN colonization was analyzed for variables present at admission and during the NICU stay. Time-dependent variables, ie, length of stay, nutrition, invasive procedures, and antimicrobial use, were also measured as days between admission and discharge or cumulative days of exposure because patients were assumed to be at risk of further colonization by a different species or strain of MDRGN after the first isolation of a similar organism. The association was tested by the Pearson x2 test and the Fisher exact test for frequency analysis. The relative risk (RR) and the 95% confidence intervals (CI) for the risk factors were also calculated. One-way analysis of variance (ANOVA) and the Mann-Whitney U statistic test were used for parametric and nonparametric analysis, respectively, to evaluate differences between the variables considered. A multivariate model was analyzed by stepwise logistic regression. All P values were 2-sided, and P values less than .05 were considered statistically significant. Data were analyzed by the Epi Info software (version 6.0, Centers for Disease Control and Prevention) and the Systat Software 8.0 version (SPSS, Inc., Chicago, IL).



RESULTS General During the 12-month period January 7, 2003, through January 6, 2004, a total of 221 neonates were admitted to the NICU for at least 48 hours. Among these, only 11 missed rectal swab cultures and were excluded from further analysis.



A total of 1021 rectal swab cultures were sequentially obtained from 210 infants. The characteristics of the study population are summarized in Table 1. The average length of stay was 22.3 days (median, 13 days; range, 3-140). Ninety-two (43.8%) infants received antibiotics during the NICU stay. Criteria for infection were met by 25 (11.9%) patients, of whom 2 died. Association between infection and potential risk factors at admission and during the NICU stay were evaluated. No significant differences were noted between infected and noninfected patients, except for a higher frequency of malformation within the infection cases (20.8% vs 8.1%, P 5 .04), for the following variables: gestational age, gender, outborn/inborn condition, birth weight, twin birth, type of delivery, and APGAR score.



Culture results On average, patients were monitored for a mean of 14.5 days (median, 7 days; range, 1-87). One hundred sixteen (55.2%) of 210 subjects were colonized with MDRGN at some point over the study period. Thirtynine (18.6%) subjects were colonized by susceptible bacteria, whereas 55 (26.2%) had no positive culture for gram-negative bacilli (GN). Twenty-eight subjects were colonized with MDRGN at the time of entry into the study (ie, when their first rectal swab was taken at the start of the study). Patients colonized by MDRGN were monitored for a mean of 20.5 days (median, 11 days; range, 1-87), whereas patients colonized by drug susceptible GN were monitored for a mean of 8.4 days (median, 7 days; range 1-28) and those not colonized at any point over the study period for a mean of 4.8 days (median, 1 days; range, 1-85, P , .0005; MDRGN vs not colonized, P , .0005; MDRGN vs susceptible GN, P 5 .001; not colonized vs susceptible GN, P 5 .61) The time interval between admission and first rectal swab for the patients colonized by MDRGN (mean, 5.7 days; median, 3 days, range, 1-107) was higher but not significantly (P 5 .12) than that of the infants colonized by susceptible GN (mean, 2.9 days; median, 2 days; range, 1-18) and not colonized at all (mean, 2.3 days; median, 2 days, range, 1-6). The interval between admission and first rectal swab for the 28 patients colonized with MDRGN at the time of entry into the study was significantly higher (mean, 10.7 days; median, 4 days; range, 1-107) than that of the infants whose first rectal samples were culture negative (mean, 4.1 days; median, 2 days; range, 1-81; P 5 .032). Eighty-two (70.7%) colonized patients were still positive when their last rectal swab was taken before the discharge. Of the 116 colonized patients, 56 (48.3%) had 1 culture-positive rectal swab, 15 (12.9%) had 2,



Mammina et al



May 2007



225



Table 1. Characteristics of patients at the time of admission to the neonatal intensive care unit Population Sex (male) Birth weight, g #500 501-1000 1001-1500 1501-2000 2001-2500 .2500 Gestational age, wk 24-29 30-36 .36 Inborn Age at admission .24 h Twin birth Cesarean delivery* APGAR score at 5 min ,5y Malformation



No. infants (%) 106 (50.5) 2 11 17 45 36 99



(0.9) (5.2) (8.1) (21.4) (17.1) (47.3)



13 (6.2) 99 (47.1) 98 (46.7) 109 (51.9) 16 (7.6) 25 (11.9) 153 (75.4) 2 (1.1) 20 (9.5)



Fig 1. Incidence density of colonization by all bacterial species and the most frequently identified bacterial clones.



*Information about delivery type was available for 203 of the 210 infants. y Information about APGAR score was available for 189 of the 210 infants.



13 (11.2%) had 3, 11 (9.5%) had 4, and 20 (17.2%) had 5 or more. Thirty-nine patients (33.6 %) were colonized simultaneously or subsequently with .1 MDRGN during follow-up. For patients not found to be colonized at the first rectal sampling, colonization was first detected on average 15.7 days after admission (median, 12 days; range 4-84). Fourteen (12.1%), 3 (7.7%), and 8 (14.5%) infection cases were included among the patients colonized by MDRGN, colonized by susceptible GN, and culture negative, respectively (P 5 .35) The monthly incidence of acquisition of MDRGN varied over the 12-month period, with a minimum of 12 cases per 1000 patient-days and 3 clusters in March, May, and September (Fig 1). This last month was associated with an overcrowding of the NICU because of the contemporary admission of 5 groups of preterm multiple-birth neonates.



Risk factors for colonization with MDRGN Selected clinical parameters at admission and during the NICU stay were tested by univariate analysis for their association with no growth of GN, with colonization with drug susceptible GN, and with at least 1 strain of MDRGN (Tables 2 and 3). Statistical analysis indicated that the characteristics at admission most strongly associated with resistant colonization were inborn status, twin birth, early gestational age, and low birth weight (Table 2). Ampicillin-sulbactam and gentamicin were the most frequently used antimicrobials, being administered to more than 10% of patients. The mean time of use after admission was 9.2 days (median, 7.5 days; range, 1-35)



for ampicillin-sulbactam and 6.8 days (median, 6.0 days; range 1-23) for gentamicin. However, when their use was assessed as a risk factor, no significant association with MDRGN acquisition was found (Table 3). On the other hand, prolonged length of NICU stay and total exposure to antimicrobial drugs were strongly associated with MDRGN colonization (Table 3) In the 21 infants who were treated with third-generation cephalosporins, colonization by MDRGN (81.0%) was significantly (P 5 .04) more frequent than colonization by GN (4.8%) or negative culture for GN (14.3%). Within the procedures used during the NICU stay, insertion of endotracheal tubes and nasogastric tubes proved to be significantly associated with MDRGN colonization by frequency analysis, although no significant differences were detected in terms of days of the device use (Table 3). On the contrary, insertion of central venous catheters was significantly associated with MDRGN colonization by the number of device-days (Table 3). More days of breast milk feeding were significantly associated with colonization by susceptible GN (Table 3). When these risk factors were assessed in multivariate analysis, 3 major risk factors—early gestational age, low birth weight, and length of NICU stay—remained significantly associated with MDRGN colonization (P , .005). Colonization by multiple MDRGN species or genetically discordant strains, simultaneously or in subsequent rectal swabs, was significantly associated (P , .001) with the length of stay; for the multicolonized patients, the average length was 47.0 days (median, 35.0 days; range 18-158) in comparison with that of the monocolonized patients, 21.8 days (median, 14.0 days; range 3-74). The use of central venous catheters (RR 5 1.6;
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Table 2. Risk factors for colonization with MDRGN at admission



Gender (male)* Inborn* Caesarean delivery* Twin birth* Malformation* Gestational age (wk)y Birth weight (g)y



Colonized with MDRGN n 5 116



Colonized with susceptible GN n 5 39



Not colonized n 5 55



P value



57 (49.1) 69 (59.5) 86 (74.1) 21 (18.1) 11 (9.5) 34.2 (4.9) 2135.2 (851.4)



24 (61.5) 13 (33.3) 26 (66.6) 4 (10.3) 5 (12.8) 36.9 (2.6) 2558.5 (757.5)



25 (45.5) 27 (49.1) 46 (83.6) 0 4 (7.3) 37.1 (2.6) 2788.5 (657.3)



NS ,.05z NS ,.01z NS ,.001§ ,.001§



MDRGN, multidrug-resistant gram-negative bacilli; GN, gram-negative bacilli; NS, not significant. *Expressed as yes frequency (%). y Expressed as mean (SD). z 2 x test. § ANOVA test.



95% CI: 1.2-2.3; P , .001) and nasogastric tubes (RR 5 1.8; 95% CI: 1.2-2.7; P , .001) was also significantly associated with multiple colonization. By contrast, the use of endotracheal tubes (RR 5 1.3; 95% CI: 0.9-1.8; P 5 .40), peripheral catheters (RR 5 1.0; 95% CI: 0.81.4; P 5 .36), parenteral nutrition (RR 5 1.1; 95% CI: 0.8-1.4; P 5 .26), feeding by formula only (RR 5 1.2; 95% CI: 0.9-1.6; P 5 .07), and administration of ampicillin-sulbactam (RR 5 1.2; 95% CI: 0.9-1.6; P 5 .07) or gentamicin (RR 5 1.1; 95% CI: 0.9-1.5; P 5 .16) at admission was not associated with multiple MDRGN colonization. When these risk factors were assessed in multivariate analysis, early gestational age, low birth weight, and length of NICU stay were significantly associated with colonization by multiple species or strains (P , .0005). Eighty-four (72.4%) of the 116 infants positive for MDRGN were colonized with genetically indistinguishable organisms. These patients were not significantly different from those colonized by unique strains by length of stay (mean, 32.2 days; median, 22 days; range 4-158 vs mean, 25.3 days, median, 14 days; range 3-90, P 5 .25), even though a positive trend was evident. Exclusive feeding by formula was the only individual factor significantly associated with cross transmission (RR 5 1.8; 95% CI: 1.1-3.5; P 5 .02). The use of central venous catheters (RR 5 0.9; 95% CI: 0.4-2.0; P 5 .36), nasogastric tubes (RR 5 1.4; 95% CI: 0.7-3.0; P 5 .17), endotracheal tubes (RR 5 0.7; 95% CI: 0.41.4; P 5 .20), peripheral catheters (RR 5 0.9; 95% CI: 0.5-1.7; P 5 .38), parenteral nutrition (RR 5 0.5; 95% CI: 0.2-1.2; P 5 .06), and administration of ampicillinsulbactam (RR 5 1.1; 95% CI: 0.6-2.0; P 5 .40) or gentamicin (RR 5 1.0; 95% CI: 0.6-1.8; P 5 .49) at admission were not associated with cross transmission. Fifty-seven (49.1%) of the 116 MDRGN-positive infants were colonized by ESBL-producing Enterobacteriaceae. These patients significantly differed from those who were colonized by non-ESBL-producing strains by birth weight (mean, 1964.9 g; median, 1850



g; range, 600-3450 vs mean, 2299.7 g; median, 2340 g; range, 330-4500; P 5 .02) and length of stay (mean, 38.7 days; median, 30 days; range, 5-158 vs mean, 22.1 days; median, 13.0 days; range 3-74; P 5 .002). By univariate analysis, feeding by formula was the only factor significantly associated with colonization by ESBL-producing Enterobacteriaceae (RR 5 1.6, 95% CI, 1.1-2.3, P 5 .007). On the contrary, feeding by breast milk proved to be protective (RR 5 0.5; 95% CI: 0.4-0.8; P 5 .001). Administration of gentamicin (RR 5 1.1; 95% CI: 0.8-1.6; P 5 .30) and ampicillinsulbactam (RR 5 1.1; 95% CI: 0.7-1.5; P 5 .43) did not increase significantly the risk of colonization by ESBLproducing strains.



Colonizing strains, PFGE results, and characteristics of the clusters The species identified were as follows: Enterobacter cloacae, 41 patients (35.3%); Pseudomonas aeruginosa, 36 patients (31.0%); Klebsiella oxytoca, 25 patients (21.6%), Escherichia coli, 22 patients (19%); K pneumoniae, 21 patients (18.1%); Serratia marcescens, 9 patients (7.8%); and others (Citrobacter freundii, Morganella morganii, E hermanni, Acinetobacter lwoffi, Stenotrophomonas maltophilia), 15 patients (12.9%). The 6 most frequent MDRGN species associated with neonatal colonization during the study period were E cloacae, P aeruginosa, K oxytoca, E coli, K pneumoniae, and S marcescens (Table 4). Among the other species, strains of S maltophilia, C freundii, and A lwoffi were isolated from 3, 2, and 2 infants, respectively, but they were genetically unrelated. Of the 153 strains that were biochemically attributed to the 6 most frequently identified species and submitted to PFGE analysis, 101 (66.0%) were isolated from at least 2 patients. In 11 instances, the cluster included 2 or 3 patients. The remaining 7 clusters involved from 4 to 21 patients, the largest being caused by P aeruginosa (21 patients) and K oxytoca (21 patients) (Table 4). The
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Table 3. Risk factors for colonization with MDRGN during NICU stay



Endotracheal tube* Central venous catheter* Intravenous catheter* Nasogastric tube* Parenteral nutrition* Breast milk feeding* Formula only* Endotracheal tube, daysy Central venous catheter, daysy Intravenous catheter, daysy Nasogastric tube, daysy Parenteral nutrition, daysy Breast milk feeding, daysy Formula only, daysy Length of stay, daysy Total exposure to antibiotics, daysy Ampicillin-sulbactam, daysy Gentamicin, daysy



Colonized with MDRGN n 5 116



Colonized with susceptible GN n 5 39



Not colonized n 5 55



P value



33 (28.4) 44 (37.9) 77 (66.4) 33 (28.4) 81 (69.8) 56 (48.3) 61 (52.6) 7.6 (9.0) 12.1 (10.8) 6.2 (6.9) 12.7 (12.6) 9.6 (10.2) 6.6 (5.2) 12.1 (14.4) 29.7 (27.5) 8.0 (13.5) 4.7 (7.0) 3.2 (4.3)



2 (5.1) 8 (20.5) 19 (48.7) 8 (20.5) 23 (59.0) 22 (56.4) 20 (51.3) 2.0 (1.4) 6.0 (3.9) 5.6 (2.7) 14.7 (11.7) 7.3 (11.1) 10.4 (9.8) 15.5 (9.6) 15.9 (10.8) 2.3 (6.2) 1.7 (3.3) 1.6 (3.4)



9 (16.4) 15 (27.3) 34 (61.8) 3 (5.5) 37 (67.3) 35 (63.6) 22 (40.0) 13.2 (28.5) 5.2 (2.2) 7.7 (14.5) 16.7 (13.0) 8.3 (16.7) 5.9 (4.7) 9.4 (9.9) 11.0 (14.7) 5.5 (13.8) 3.2 (4.5) 2.3 (3.2)



,.01z NS NS ,.01z NS NS NS NS ,.05§ NS NS NS ,.05§ NS ,.001§ ,.01§ NS NS



MDRGN, multidrug-resistant gram-negative; GN, gram-negative; NS, not significant. *Expressed as yes frequency (%). y Expressed as mean (SD). z 2 x test. § ANOVA test



mean number of days that a cluster- related MDR organism could be cultured was 60.4 days. In most instances, genetically indistinguishable organisms were isolated from infants whose NICU stay overlapped in time. However, in 3 clusters involving E cloacae (pulsotype C), P aeruginosa (pulsotype A), and S marcescens (pulsotype A), indistinguishable organisms were identified several weeks after the previous positive cases had been discharged.



Pattern of spread The monthly incidence of acquisition of MDRGN and the 6 most frequently identified strains over the 12-month study period are illustrated in Fig 1. The peaks of the overall incidence density of colonization appear to be largely attributable to the cumulative effect of the epidemic cross-transmission phases of the 6 most frequent bacterial clones. Eighteen patients out of 28, which were colonized with MDRGN at the time of entry into the study, proved to be colonized by strains with a PFGE profile previously detected in the NICU, whereas 9 were positive for unique P aeruginosa strains genetically unrelated to each other and to the prevalent one (pulsotype A).



DISCUSSION MDRGN organisms are becoming the prevalent causal agents of infection in NICUs.20 Epidemiologic features of circulation of these organisms have been



described by several authors, who have identified risk factors for colonization and infection and applied molecular tracing as a tool for assessing transmission pathways and cross-transmission burden and addressing drug-resistance control strategies.4,6,8-10 Our study showed a colonization rate higher than that reported by some previous studies9; indeed, more than 50% of patients proved to be colonized by MDRGN, and approximately one fourth of these were precociously colonized, probably as a consequence of a high prevalence of already colonized patients, a variable previously defined as ‘‘colonization pressure.’’21 Moreover, in our study, most patients were colonized by the same strain for prolonged intervals of time and often up to their hospital discharge. Multiple colonization was also more frequent than previous findings.9 Of particular interest, a very high crosstransmission rate was detected in our study by the application of molecular typing, with several clusters of small size including 2 to 3 patients but also larger size clusters involving up to 21 patients. Moreover, some large size clusters were traced over a long period, suggesting the probable role of a common environmental reservoir interacting with inadequate hygienic practices by the health care providers.4,10,22 This finding seems to be in sharp contrast with those reported by some previous studies, which suggest that short duration and low incidence of cross transmission are the prominent features of colonization in nonepidemic periods in NICUs.9 Different hygienic practices and
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Table 4. Characteristics of clusters of MDRGN strains* Species Enterobacter cloacae Pseudomonas aeruginosa Klebsiella oxytoca Escherichia coli Klebsiella pneumoniae Serratia marcescens



No. of cross-colonizing isolates/total



No. of patients/cluster (duration of cluster, days)y



31/43 25/34 24/28 19/24 6/17 6/7



12 (293), 8 (68), 3 (26), 2 (26), 2 (1), 2 (1), 2 (1) 21 (280), 2 (36), 2 (4) 21 (121), 3 (18) 15 (60), 2 (18), 2 (4) 4 (28), 2 (15) 6 (88)



Resistance mechanism of the predominant strains ESBL (SHV-5) MBL (VIM-11)z ESBL (SHV-5) ESBL (CTX-M)



MDRGN, multidrug-resistant gram-negative. *Only isolates available for PFGE analysis are considered. y Each number indicates the number of colonized infants in each cluster. The duration of clusters is calculated on the basis of the isolation dates. z GenBank accession number AY635904.



predominant circulation of gram-negative bacilli with an enteric ecology could have significantly influenced the peculiar behavior of MDRGN in our study.10,11 Furthermore, overcrowding and consequent relative understaffing, by amplifying the chances of cross contamination via hands of health care workers, have likely unleashed the incidence peak of colonization we observed in September. As outlined by Harbarth et al,7 understaffing, overcrowding, and poor hygiene practices are issues of major concern in NICUs and may switch on epidemic chains of transmission, especially in our age of cost containment in health care.10,23 However, the concurrent role in promoting epidemic cross transmission of some microorganism properties, like the tenacious resistance to hostile environmental conditions of P aeruginosa or the attitude toward explosive spread of some ‘‘particularly fit’’ ESBL-producing strains, should not be overlooked.6,22 Furthermore, our study identified a high percentage of ESBL- and MBL-producing isolates. Noteworthy, a carbapenem-resistant strain of Pseudomonas aeruginosa proved to produce a new metallo-b-lactamase identified as VIM11. Such a finding appears alarming because of the increased mortality and cost of hospitalization associated with infections because of these organisms and the poor sensitivity of routine laboratory testing in their detection. However, in contrast with the very high frequency of MDRGN colonization, infection occurred in only 12% of patients, accordingly with other studies.9 In our setting, the relatively low proportion of VLBW infants, in whom health care-associated infections are most probable to occur after colonization, likely contributed to minimize the risk of infection. Infected and uninfected infants did not significantly differ in their characteristics at admission, except for more frequent malformation in the infected ones. However, it is known that congenital malformation, especially the major ones that often require surgery and very prolonged hospital stay, may play a significant role in neonatal infections.1,3



Both MDRGN colonization and multicolonization proved to be associated with early gestational age, low birth weight, and length of stay, whereas the role of invasive life support procedures as independent risk factors was not confirmed by multivariate analysis. This is consistent with previous observations that, in some cases, have actually described a negative association between the use of invasive equipment and acquisition of MDRGN as a result of more accurate handling and manipulations reserved to more susceptible newborns.8 Alternatively, it is probable that, in the NICU under study, the widespread colonization amplified by cross transmission has negatively influenced the strength of association. Although prematurity and low birth weight are not modifiable risk factors, it is imperative to promote among caregivers awareness of risk of acquiring MDRGN isolates among intensive care infants. Newborn nutrition has been recently emphasized as a critical issue.24-27 In the analysis of risk factors, we found that feeding by formula was consistently associated with cross transmission and colonization by ESBLproducing strains, whereas breast-feeding proved to be protective against acquisition of ESBL-producing bacilli. Milk formulas are a well-known vehicle of nosocomial infection in NICUs, and their contamination may be also responsible for cross transmission as a result of inadequate manipulation procedures and handwashing.24,27 On the other hand, the absolute protective role of breast-feeding, because of its peculiar nutritional and immunologic properties, is confirmed by several authors.25,26 As expected, MDRGN colonization was associated with total exposure to antimicrobial drugs, but the use as empiric therapy of early onset infections of ampicillin-sulbactam and gentamicin did not result in increased colonization. Indeed, many newborns in our study acquired MDRGN colonization in an early phase of their NICU stay, before induction or selection of resistance mechanisms would likely occur after antibiotic exposure. In other studies, previous antibiotic
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exposure has been variably associated with colonization by MDRGN.4,8,9 However, epidemiologic features of these organisms may be peculiar of a given unit, and, in our setting, the strength of association with antecedent antibiotic exposure might be weakened by the extensive cross transmission. Our study has some potential limitations. The limited data on the organisms responsible for clinical infection cases did not allow for a reliable assessment of the ratio of colonized to infected patients and the cause-effect relationship between risk factors and infection. The NICU patient is a unique host ecosystem because the intestinal microflora develops after admission to the unit and colonization by MDR organisms from the nosocomial environment could be considered unavoidable.9 However, most experts agree in believing that colonization is a prerequisite for infection by gram-negative bacilli and that knowledge of their transmission routes in nonepidemic situations may be the key to identify the prevalent mode of transmission in an NICU.28 Moreover, rectal samples were not obtained at admission and discharge, so time of acquisition and clearing of MDRGN isolates was not thoroughly available. Examination of the formula and environmental flora was not performed during the period under study. Finally, it should be noted that some peculiarities of our setting, such as the high rate of caesarean section and the low frequency of VLBW infants, make problematic a generalization of the results to other NICUs. The antibiotic usage pattern in ICUs largely contributes to emergence of drug resistance, especially in an NICU in which the spectrum of available antibiotics is more restricted. Variable effects of antibiotic control policies in decreasing the reservoir of resistant gramnegative bacilli have been reported by some authors.29,30 In our study, the large proportion of MDRGN colonization acquired through cross transmission identifies infection control instead of antibiotic control as the key issue and urges the identification and application of targeted infection control policies. Assuming that MDRGN are transmitted to the infants mainly via the hands of the caregivers, the importance of limiting overcrowding-understaffing and implementing stringent hand cleansing procedures must be emphasized, along with the adoption of compliance-enhancing strategies and measuring tools.7,23,31 The frequent association between ESBL/MBL production and epidemic clones demands that adequate measures be implemented to control spread of these resistant organisms in NICUs. At present, adoption of targeted infection control strategies and antibiotic stewardship are the approaches most supported by sound scientific evidence to discourage the emergence and diffusion of multidrug-resistant organisms.30,31 A greater
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