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Abstract 19 

Healthcare-associated infections (HAI) are an important public health threat with the 20 

multidrug-resistant (MDR) gram-negative bacteria (GNB) being of particular concern. Here 21 

we present the antimicrobial resistance profile of HAI-related GNB (HAIrB) isolated from 22 

patients (PT), healthcare workers (HCW) and hospital environment (HE) in a six-month 23 

screening program. From the 180 sampling points distributed in six hospital units, a total of 24 

1,080 swabs were collected allowing the isolation of 390 HAIrB: 50.5% from HE, 42.6% 25 
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from PT and 6.9% from HCW. Among the HAIrB, 32.6% were characterized as MDR and 26 

38.7% as extended-spectrum cephalosporins resistant (ESC-R), showing no differences in the 27 

distribution between PT, HE and HCW. Carbapenem resistance (CARB-R) was detected for 28 

17.7% of all HAIrB, being higher among Acinetobacter spp. isolates (36.5%), followed by 29 

Enterobacteriaceae (14.5%) and Pseudomonas spp. (11.8%). Except for the ICU, that 30 

revealed higher MDR, CARB-R and ESC-R rates, HAIrB-resistant profiles were similarly 31 

detected within the hospital units. Prevalence of blaKPC-like and blaCTX-M-1 β-lactamases-32 

resistance genes was higher in K. pneumoniae and E. cloacae complex, while blaOXA-23-like 33 

and blaSPM-like were higher in A. baumannii and P. aeruginosa, respectively. This study 34 

reveals that the spreading of HAIrB within a hospital environment is higher than predicted, 35 

indicating that healthcare workers, hospital areas and equipment are key players on 36 

dissemination of MDR gram-negative bacteria and shows that an active surveillance program 37 

can provide precise understanding and direct actions towards control of HAI. 38 

 39 

Introduction 40 

Healthcare-associated infections (HAI) are important public health threats requiring 41 

continuous monitoring and efficient surveillance programs (1). HAI caused by multidrug-42 

resistant (MDR) gram-negative bacteria (GNB) are of particular concern, with high-risk 43 

global alerts (2-4). HAI can seriously affect patient health, promoting long-term hospital 44 

stays and increasing the mortality, in addition to impose high costs for the healthcare system 45 

(5-7). There are many evidences that the hospital environment and the healthcare workers are 46 

key players on large-scale dissemination of MDR bacteria (8-11). Also, the combination of 47 

fast human mobility around the world with selective pressure by overuse and misuse
 
of 48 

antibiotics in human and food-producing animals along with the difficulties in adopting 49 

simple control measures, form the perfect system to ensure the spread of MDR bacteria (12-50 
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14). In this scenario, adoption of surveillance programs based on new technologies associated 51 

with the rational management of antimicrobials and the continuous training for healthcare 52 

workers can allow an effective control of HAI transmission, ensuring the patient safety and a 53 

consequent reduction of direct and indirect healthcare costs (5, 15-16).  54 

To better understand the antimicrobial resistance profile and the dissemination of HAI-related 55 

GNB in the healthcare setting we carried out a six-month surveillance program targeting 56 

patients, hospital environment and healthcare workers. 57 

 58 

Material and Methods 59 

Study design 60 

The Healthcare-associated Infections Microbiome Project (HAIMP) was carried out at the 61 

Professor Polydoro Ernani de São Thiago University Hospital of Federal University of Santa 62 

Catarina (UFSC, Florianópolis/SC, Brazil). The UFSC Human Research Ethics Committee 63 

approved this project (number 32930514.0.0000.0121). Between April and September of 64 

2015, a total of 1,080 samples were collected from patients (PT: rectal, nasal and hands 65 

swabs; n=198), hospital environment and equipment (HE: high-touch surfaces; n=666) and 66 

healthcare workers (HCW: hands, cell phone and protective clothing; n=216). These samples 67 

were collected monthly from 180 points (Table S1) distributed in six hospital units: 68 

emergency ward (EMG), internal medicine ward (IMW), surgical ward (SUW), general 69 

surgery unit (GSU) and intensive care unit A and B (ICU-A and ICU-B). All participants 70 

were initially informed about the study aims and sampling was carried out upon a signature 71 

of an informed consent. Only long-term hospitalized patients were included in the present 72 

study. The samples were collected using Amies agar gel-containing swabs (Copan Inc., Italy) 73 

and stored at 4 °C until processing (within 48 hours). 74 

Phenotypic analyses 75 
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Collected swabs were inoculated in Brain Heart Infusion (BHI) broth (BD, USA), incubated 76 

for 12-18 hours at 36 °C (±1 °C) prior to plating on selective MacConkey agar (BD, USA), 77 

following incubation (18-24 hours) at 36 °C (±1 °C). Different morphotypes of Colony-78 

Forming Units (CFU) were isolated and transferred onto new MacConkey agar plates. 79 

Identification and antimicrobial susceptibility test (AST) of each isolate were performed 80 

using Vitek
®

2 (BioMérieux Inc., USA) GN ID and AST-N239 cards according to the 81 

manufacturer's instructions. Based on the AST results, the isolates were then classified as 82 

“not multidrug-resistant” (Not MDR) or “multidrug-resistant” (MDR), according to the 83 

acquired resistance classification (17). 84 

Genotypic analyses 85 

DNA from all GNB isolates was obtained using a magnetic beads protocol (Neoprospecta 86 

Microbiome Technologies, Brazil) and quantified using Qubit dsDNA BR Assay Kit 87 

(Invitrogen, USA). A panel of the most important β-lactamases genes in the Brazilian 88 

scenario (Table S2) was tested by qPCR using specific primers and hydrolysis probes in a 89 

duplex or triplex configuration. The qPCR reactions were carried out in a 10 μL final volume, 90 

containing 0.5 ng of DNA and 1X Master Mix (Cy5
®
, HEX

TM
 and FAM

TM
 labeled probes; 91 

ROX
TM

 as passive reference; specific forward and reverse primers) (Neoprospecta 92 

Microbiome Technologies, Brazil). A negative reaction control and a positive control of each 93 

resistance gene (characterized strains containing the gene of interest) were included and the 94 

assays were carried out in triplicate. The qPCR amplifications were performed on an ABI 95 

7500 Fast Real-Time PCR System (Applied Biosystems, Foster City, CA, USA), using the 96 

following thermal conditions: 95 °C for 10 min, 35 cycles of 95 °C for 15 s, 60 °C for 30 s 97 

and 72 °C for 30 s. 98 

Some GNB samples were identified via high-throughput sequencing of 16S rRNA V3/V4 99 

region (Neoprospecta Microbiome Technologies, Brazil) for species confirmation purposes. 100 
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The 16S rRNA libraries were sequenced using the MiSeq Sequencing System (Illumina Inc. 101 

San Diego, CA, USA) with the V2 kit, 300 Cycles, single-end sequencing. 102 

Qui-square or Fisher’s exact test were used for pairwise or proportions comparisons, with 103 

significance level set at P < 0.05. All statistical analyses were performed using MedCalc 104 

Statistical Software version 14.8.1 (Ostend, Belgium).  105 

 106 

Results 107 

Gram-negative bacteria (GNB) identification 108 

Among the 1,080 samples collected during the six-month hospital screening, 25.5% (275) 109 

were positive for the presence of HAI-related GNB, with statically significant differences 110 

between the samples sources (p<0.0001): 53.1% (146) were from hospital environment (HE), 111 

37.5% (103) were from patients (PT) and 9.5% (26) were from healthcare workers (HCW). 112 

The highest incidence of positive samples for HAI-related GNB was found in the EMG 113 

(32.9%; 77/234), followed by SUW (30.1%; 47/156), ICU-B (25.8%; 51/198), IMW (24.1%; 114 

39/162), ICU-A (23.7%; 44/186) and GSU (11.8%; 17/144); only GSU was statistically 115 

different from the other units (p<0.05). 116 

We obtained 390 isolates from the HAI-related GNB positive samples: 197 were from HE 117 

(50.5%), 166 from PT (42.6%) and 27 from HCW (6.9%). The phenotypic identification by 118 

Vitek
®

2 (GN ID card) allowed the identification of 40 distinct species from 380 isolates 119 

(Figure 1, Table S3). Among these, Escherichia coli, Klebsiella pneumoniae, Pantoea spp., 120 

Acinetobacter baumannii complex and Enterobacter cloacae complex species were the most 121 

abundant, being found at similar frequencies. Identification by Vitek
®

2 GN ID card failed for 122 

10 (2.6%) of the isolates. 123 

Antimicrobial Susceptibility Test (AST) 124 

Out of the 390 HAI-related GNB, 310 isolates could be analyzed (Vitek
®

2 AST card failed 125 
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for 70 and GN ID card failed for 10 of the isolates). The AST analyses allowed us to classify 126 

32.6% (101/310) of the HAI-related GNB as multidrug -resistant (MDR), with no statistically 127 

significant difference between the three sources: PT 42.0% (66/157), HE 23.9% (32/134) and 128 

HCW 15.8% (3/19). Resistance of GNB to carbapenems (meropenem, ertapenem or 129 

imipenem) was identified in 17.7% of the isolates, being significantly higher in PT (24.2%, 130 

p=0.036), followed by HCW (15.8%) and HE (10.4%). Resistance of GNB to extended-131 

spectrum cephalosporins (cefepime, ceftazidime or ceftriaxone) was 38.7%, with no 132 

statistically significant differences between the sources: 35.0% for PT, 41.0% for HE and 133 

52.6% for HCW (Figure 2). The distribution of MDR HAI-related GNB by each hospital 134 

unit, revealed that ICU-B and SUW had the highest proportion, 57.1% (32/56) and 36.5% 135 

(19/52), respectively, followed by ICU-A with 30.9% (17/55), IMW with 29.3% (17/58) and 136 

EMG with 21.9% (16/73) (in GSU the MDR profile was not identified) (p=0.0001). The 137 

ICU-B also showed the highest prevalence of HAI-related GNB resistant to carbapenems, 138 

44.6% (statistically different from the other units), followed by IMW with 20.7%, ICU-A 139 

with 16.4%, SUW with 7.7% and EMG with 6.8% (p<0.0001). Resistance to carbapenems 140 

was not detected in GNB isolated from GSU. Once again, resistance to extended-spectrum 141 

cephalosporins was higher in ICU-B with 60.7% and in IMW with 44.8%, followed by ICU-142 

A with 36.4%, EMG with 31.5%, SUW with 26.9% and GSU with 18.8% (p=0.0014) (Figure 143 

3, Table S4). 144 

We separated the collected samples into groups (representing the areas of the hospital or the 145 

isolation sites) with the distribution of GNB and their resistance profile (Figure 4, Table S5). 146 

Analysis of this data allowed us to identify the critical points of contamination within the 147 

studied areas. 148 

Characterization of the patient-related samples  149 

During the sampling period, a total of 66 patients had their samples collected, including 150 
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samples from their respective beds (HE samples) in all hospital units, except GSU. The 151 

average age of the patients was 63.2 years, being 47.0% female and 53.0% male. The average 152 

length of hospital stay was 15.3 days and, unexpectedly, the longer hospitalization was seen 153 

for SUW patients, with 24.3 days, followed by IMW (23.4 days), ICU-B (15.0 days), ICU-A 154 

(10.4 days) and EMG (6.8 days). More than half of these patients (54.5%) were admitted to 155 

more than one unit of the hospital and 65.2% undergone at least one invasive procedure. 156 

Medical records also show that 50.0% of the patients did not present HAI during the current 157 

hospitalization, 43.9% had a HAI during the current hospitalization and 6.1% were colonized 158 

by HAI-related bacteria. The results of the present study showed that 62 patients (93.9%) had 159 

at least one HAI-related GNB isolated from their samples and 63.6% of the patients had at 160 

least one MDR GNB, 39.4% had an extended-spectrum cephalosporin GNB and 28.8% had a 161 

carbapenem resistant GNB. From the patients with two or more sites colonized by HAI-162 

related GNB (28/66 - 46.7%) we identified MDR GNB of same species in 42.9% of the 163 

cases, with 35.7% showing an AST very similar (equal MDR and carbapenem resistance 164 

classification). Correspondence of HAI-related GNB isolated from patients and from their 165 

beds was positive for 31 cases: 16.1% revealed to be the same GNB species with equal MDR 166 

and carbanepem resistance profiles. 167 

Enterobacteriaceae antimicrobial resistance profile 168 

The most common Enterobacteriaceae (n=279) found were Escherichia coli (20.4%), 169 

Klebsiella pneumoniae (19.7%) Pantoea spp. (19.4%), Enterobacter cloacae complex 170 

(17.5%) and Serratia marcescens (5.4%). 171 

A total of 220 of the 279 Enterobacteriaceae presented results for the AST. AST results for 172 

the three most frequent species of HAI-related Enterobacteriaceae (Klebsiella pneumoniae, 173 

Enterobacter cloaceae and Escherichia coli) in PT, HE and HCW are presented in Tables S6, 174 

S7 and S8. Analysis of the antimicrobial resistance profiles did not show statistically 175 
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significant differences among the different GNB sources (PT, HE and HCW) (Figure 5A). 176 

MDR profile was found in 35.0% of the Enterobacteriaceae, carbapenem resistance was 177 

present in 14.5% and extended-spectrum cephalosporins resistance was found in 30.9%. In 178 

PT, HE and HCW, MDR was found in 40.3% (50/124), 29.4% (25/85) and 18.2% (2/11) of 179 

the Enterobacteriaceae isolates, carbapenem resistance was identified in 17.7%, 9.4% and 180 

18.2% and extended-spectrum cephalosporins resistance was present in 31.4%, 29.4% and 181 

36.4%, respectively, with no statistically significant differences among the groups tested.  182 

When the three most frequent species of Enterobacteriaceae were analyzed separately, in 183 

patients (PT) we found that MDR, carbapenem resistance and extended-spectrum 184 

cephalosporins resistance for these species were, respectively, 66.7%, 45.8% and 62.5% for 185 

Klebsiella pneumoniae (n=24), 65.0%, 40.0% and 65.0% for Enterobacter cloacae complex 186 

(n=20) and 32.1%, 1.9% and 17.0% for Escherichia coli (n=53). For hospital environment 187 

(HE) samples, K. pneumoniae (n=29) and E. cloacae complex (n=25) were classified as 188 

MDR in 41.4% and 28.0% of the cases, respectively, 13.8% and 12.0% were carbapenem 189 

resistant and 48.3% and 32.0% presented resistance to extended-spectrum cephalosporins. 190 

We found a case of a IMW patient colonized by MDR (carbapenem and extended-spectrum 191 

cephalosporins resistant) K. pneumoniae in the three isolations sites (rectal swab, hands and 192 

nasal). In healthcare workers (HCW) we found two K. pneumoniae, three E. cloacae complex 193 

and one E. coli, being the two E. cloacae complex isolates MDR and resistant to 194 

carbapenems.  195 

Frequencies of resistance genes detected by qPCR in HAI-related Enterobacteriaceae from 196 

PT, HE and HCW are presented in Figure 6 as a heat map, emphasizing the most important 197 

GNB of the family (K. pneumoniae, E. cloacae complex and E. coli) (Table S9 shows 198 

resistance genes frequencies with the respective Cq mean). The blaKPC-like gene was found in 199 

5.9% (13/220) of Enterobacteriaceae, all of them resistant to carbapenems and identified as 200 
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K. pneumoniae, E. cloacae complex or Escherichia coli. In another Enterobacteriaceae 201 

species resistant to carbapenems we did not found blaKPC-like or any other tested 202 

carbapenemase encoding gene. Klebsiella pneumoniae recovered from PT (n=24) presented 203 

concern beta-lactamase genes frequencies: 91.7% for blaSHV-like, 37.5% for blaCTX-M-1 group, 204 

33.3% for blaKPC-like, 25.0% for blaCTX-M-9 group and 16.7% for blaCTX-M-8 group (some of 205 

these K. pneumoniae harboring three or more beta-lactamase genes).  206 

Acinetobacter spp. antimicrobial resistance profile 207 

Using the phenotypic identification, we found that 92.5% (49/53) were Acinetobacter 208 

baumannii complex, 5.7% (3/53) were Acinetobacter lwoffii and 1.9% (1/53) Acinetobacter 209 

radioresistens. 210 

Table S10 shows the phenotypic antimicrobial resistance profile of 52 HAI-related 211 

Acinetobacter spp. in PT, HE and HCW (Table S11 shows AST results for Acinetobacter 212 

baumannii complex separately). For Acinetobacter spp. the highest resistance to 213 

antimicrobials was seen in PT (Figure 5B): 92.3% (12/13) were MDR and resistant to 214 

carpapenems (imipenem or meropenem). The blaOXA-23-like gene, which confers resistance to 215 

carbapenems, was identified at the same frequency (92.3%) (Figure 6). In HE and HCW 216 

carbapenem resistance were lower, 18.2% (6/33) and 16.7% (1/6) respectively. When PT, HE 217 

and HCW were analyzed together Acinetobacter spp. still showed the highest carbapenem 218 

resistance of all HAI-related GNB: 36.5%. MDR profile was found in 34.6% of 219 

Acinetobacter spp.: 92.3% (12/13) in PT, 15.2% (5/33) in HE and 16.7% (1/6) in HCW. The 220 

carbapenems resistance and MDR profiles were statistically significant different when we 221 

compare PT with HE or HCW (p<0.0001). Extended-spectrum cephalosporins resistance 222 

(cefepine, ceftazidime or ceftriaxone) was found in 100%, 90.9% and 100% of PT, HE and 223 

HCW respectively (Figure 5B). 224 

Figure 6 shows the frequencies of beta-lactamase genes detected by qPCR in HAI-related 225 
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Acinetobacter spp. from PT, HE and HCW, with A. baumannii complex analyzed separately 226 

(Table S9). In A. baumannii complex (n=49) the blaOXA-23-like was found in 40.8% of the 227 

isolates and, interestingly, blaOXA-51-like (intrinsic in A. baumannii) was found only in 53.1. 228 

Because of this unexpected observation, all Acinetobacter spp. were identified by high-229 

throughput sequencing of V3/V4 region of the 16S rRNA for species confirmation. The 230 

isolates identified as A. baumannii complex by Vitek®2, GN ID card, with no detection of 231 

blaOXA-51-like gene (n=23), were identified by 16S rRNA sequencing as A. baumannii (one), A. 232 

calcoaceticus (seven) and A. pittii, A. soli or A. nosocomialis (15), which explains the 233 

absence of the gene in most of the cases.  234 

Pseudomonas spp. antimicrobial resistance profile 235 

For Pseudomonas spp. isolated in the survey (n=39), 64.1% were identified as Pseudomonas 236 

aeruginosa, 15.4% were Pseudomonas putida, 15.4% were Pseudomonas stutzeri and 5.2% 237 

were Pseudomonas luteola or Pseudomonas oryzihabitans. 238 

AST profile of HAI-related Pseudomonas spp. from PT and HE can be verified in Table S12 239 

(Table S13 shows AST results for Pseudomonas aeruginosa separately). This GNB group 240 

presented the more susceptible antimicrobial profiles, with resistance to important classes, 241 

like carbapenems and antipseudomonal cephalosporins (cefepine or ceftazidime), identified 242 

only in PT Pseudomonas spp. (n=19): 21.1% and 15.8%, respectively. The acquired 243 

resistance classification showed that 15.8% of Pseudomonas spp. in PT were MDR (Figure 244 

5C) and presented the blaSPM-like gene, that classically confers resistance do carbapenems 245 

(Figure 6, Table S9). All Pseudomonas spp. were 100% susceptible to Colistin. 246 

Antimicrobial resistant profiles (MDR or carbapenem resistance) and blaSPM-like were found 247 

only in Pseudomonas aeruginosa and is important to point out that three of them were 248 

isolated from the same ICU patient (one P. aeruginosa for each isolation site - hand, nasal 249 

and rectal swabs).  250 
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 251 

Discussion 252 

There is a high risk of acquiring HAI in developing countries, reaching up to 27%. The fight 253 

to improve patient safety is difficult because of the increasing antimicrobial resistance rates, 254 

coupled to other serious health systems problems and to the fact that health authorities are not 255 

sufficiently prepared to face the problem (18-19). Gram-negative bacteria (GNB) present a 256 

good performance against the antibiotics, making them a leading cause of HAI and a matter 257 

of great concern for the currently available therapies (20). 258 

Here, we presented the first results for culture-dependent samples of the Healthcare-259 

associated Infections Microbiome Project (HAIMP) that has been carried out in a teaching 260 

hospital in Southern Brazil. During six months, patients (PT), healthcare workers (HCW) and 261 

hospital environment (HE) were monitored using swab samples for the screening of HAI-262 

related gram-negative bacteria (GNB).  263 

A total of 390 GNB were isolated during the surveillance program. Seven species/genus (or 264 

species complex) accounted for 80% (304/380) of the total GNB identified, almost all of 265 

them classically identified in previous healthcare studies, like Klebsiella penumoniae, 266 

Enterobacter cloacae complex and Acinetobacter baumannii complex (21). 267 

From all the collected swabs, the samples from PT, HE and HCW had different frequencies 268 

of GNB. There is a higher contamination rate of the patients and hospital environment 269 

samples by HAI-related GNB, when compared to the healthcare workers. Giving the 270 

inclusion criteria applied in our study, more than 90% of the patients presented a HAI-related 271 

GNB. We found several cases where the same GNB species (with similar or equal resistance 272 

profile) was identified in samples from the patients and their room, suggesting a cross 273 

contamination and demonstrating the importance of the hospital environment in the HAI 274 

dissemination (11, 22-25). Patients rectal swabs were the site with the highest positivity, 275 
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followed by nasal and hands swabs. However, GNB from nasal and hands swabs had 276 

relatively higher resistance rates than GNB from rectal swabs, probably due to different 277 

composition of bacterial populations (26), making them more likely to be colonized by MDR 278 

GNB. Nasal colonization studies usually emphasize gram-positive bacteria (27, 28), however 279 

it is important to highlight the high contamination rate by GNB identified in nasal swab 280 

samples of this survey: 23 of 66 participating patients had at least one GNB isolated from this 281 

collection site, some of them MDR and resistant to carbapenems. 282 

We found that 32.6% of the HAI-related GNB were MDR and no statistically significant 283 

differences were seen for PT (47.7%), HE (29.1%) and HCW (26.3%). Brazilian studies 284 

found MDR profile for GNB isolated from patients ranging from 32% to 48% (29, 30). 285 

In the present study, the resistance rate to carbapenems was 17.7%, being 24.2% when 286 

considering only the PT samples. The average carbapenem resistance reported in the 287 

literature for HAI diagnosed patients samples is 42.7% (31-37). The extended-spectrum 288 

cephalosporins resitance were identified in 38.7% of the total GNB (35.0% for PT). 289 

Additionally, the average extended-spectrum cephalosporins resistance or ESBL profile 290 

reported from the literature for patient-related samples was 31.7% (21, 32, 38-40). 291 

The results presented for hospital environment and equipment showed that the rest areas of 292 

the healthcare workers, like the lunch and the sleeping rooms, were highly contaminated, also 293 

including positive results for MDR bacteria. The number of isolated GNB found in these 294 

areas were only smaller than those from the rectal swabs. Common work areas and hospital 295 

medical equipment were also critical points of contamination, many many harbouring 296 

carbapenems-resistant GNB. We identified five cases of healthcare workers contamination 297 

with MDR GNB (four from hands e one from protective clothes), three of them resistant to 298 

carbapenems.  299 
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The only hospital unit that showed statistically different frequencies of HAI-related GNB was 300 

GSU, with a low frequency of GNB. This result could be due to the fact that no patient 301 

samples were collected in this unit and also because one of the surgical rooms was always 302 

collected after its disinfection. Among the other hospital units we saw similar GNB rates, 303 

indicating a systematic contamination in the hospital. Additionally, PT, HE and HCW 304 

isolates did not show significant differences in the resistance profile, which suggests a 305 

homogeneous spread of resistant GNB through the hospital. 306 

ICU-B had the most concerning results for the antimicrobial profile of HAI-related GNB, 307 

with the highest frequencies of MDR, carbapenem and extended-spectrum cephalosporins 308 

resistance when compared to the others units. Rubio et al. (21) had also found a significant 309 

difference between MDR GNB isolated from ICU patients and non-ICU patients. A possible 310 

explanation for this results is that the ICU-B is an adult ICU that receives critically ill 311 

patients, with longer length of stay, which exposes patients, healthcare workers and the 312 

environment to an increased chance of contamination by multi-resistant bacteria. After the 313 

ICU-B, IMW and ICU-A showed the highest carbapenems and extended-spectrum 314 

cephalosporins resistance rates. 315 

Enterobacteriaceae showed very similar resistance profiles among the three tested groups: 316 

PT, HE and HCW. The profile identified reinforces the systematically spread of GNB 317 

occurring in patients, healthcare workers and environment. Within the most important species 318 

of the family, Escherichia coli presented a more susceptible antimicrobial profile and 319 

Klebsiella pneumoniae and Enterobacter cloacae complex presented the the highest rates of 320 

MDR and carbapenem resistance. The AST profile identified here for E. coli was very similar 321 

to previous studies (32, 33). The AST for K. pneumoniae isolated from environment and 322 

healthcare workers was very similar to the AST identified for Klebsiella spp. isolated from 323 

patients in previous studies (32, 34). However, when we compare the AST results of K. 324 
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pneumoniae isolated from patients in the present study we found higher resistance rates than 325 

previous reports (32, 34).  For E. cloacae complex we found a similar scenario: in the present 326 

study the isolates from patients had higher resistance rates than reported in literature (32, 34). 327 

It is important to emphasize that the study presented here includes GNB isolated from 328 

patients with infection or colonization, as well as from the environment and healthcare 329 

workers, which further draws attention to the higher resistance rates that were found.  330 

The blaSHV-like shows the highest frequencies of all resistance genes tested, reaching up 91.7% 331 

for K. pneumoniae isolated from patients, and the frequencies found (in Enterobacteriaceae or 332 

specific species) are in accordance with previous studies (41, 42, 43). The blaCTX-M-1, blaCTX-333 

M-8 and blaCTX-M-9 groups were the most frequents of the CTX-M family genes. These findings 334 

were similar to several studies (42, 44). The blaCTX-M-2 was identified with lower frequencies 335 

and only in E. coli, as previously reported (38, 45). However, other studies reported higher 336 

blaCTX-M-2 frequencies in Enterobacteriaceae, with results ranging between 52.3% and 89.3% 337 

(41, 42, 46). For the blaKPC-like we found a 6.4% frequency for Enterobacteriaceae and 33.3% 338 

for K. pneumoniae isolated from patients, in accordance with previous studies (38, 47-50).  339 

In Acinetobacter spp. we found an antimicrobial profile significantly more resistant in 340 

patients than in hospital settings and healthcare workers. 341 

The blaOXA-23-like detection in A. baumannii complex isolated from patients followed the rate 342 

of carbapenem resistance, actually they were the same (92.3%), which shows the importance 343 

of this carbapenemase gene for this species. The carbapenem resistance studies with 344 

Acinetobacter spp. isolated from patients ranged between 30.0% and 91.2% (30, 31, 34-36), 345 

while blaOXA-23-like frequencies are reported from 41.7% to 100% (51, 52). The absence of 346 

blaOXA-51-like in some A. baumannii complex isolates, that includes A. baumannii, A. 347 

calcoaceticus, A. pittii and A. nosocomialis species (53), allowed us to show the correct 348 

species identification of 22 non-baumannii isolates by V3/V4 16S rRNA sequencing. A study 349 
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conducted by Vasconcelos et al. (54) reported the absence of blaOXA-51-like in non-baumannii 350 

isolates, while Teixeira et al. (55) reported a frequency of 41.7% for non-baumannii. We did 351 

not find the blaOXA-143-like gene and the studies report absence (54), low (56) and high 352 

frequencies for this carbapenemase gene (52). Some other studies show null or low 353 

prevalences of blaOXA-58-like (31, 57) and blaOXA-72-like (54, 58), while they were not identified 354 

in the present study.  355 

The AST profile for Pseudomonas aeruginosa isolated from patients identified here was 356 

similar to previous reported by Jones et al. (32), while Gales et al. (34) found a higher 357 

resistance rate for all the tested antibiotics. However, in both studies we see higher 358 

carbapenems resistance rates, that ranged from 38.4% to 46.7%. In the present study we 359 

identified the resistance to meropenem was found in 21.1% and to imipenem in 26.3% of the 360 

P. aeruginosa isolated from patients.  361 

In P. aeruginosa, we highlight the presence of blaSPM-like gene (15.8% for isolates from 362 

patients) which highly accounted to define the phenotypic MDR profile. Previous studies 363 

with P. aeruginosa reported blaSPM-like frequencies close to 6.0% (33, 36), while studies with 364 

P. aeruginosa with a MDR or carbapenem resistant profile reported higher and more variable 365 

frequencies, ranging from 17.8% to 64.1% (59, 60).  366 

Despite the report of several cases of blaNDM-like in Brazil in different GNB species (31, 61), 367 

the present study did not identify this carbapenemase gene, which can be explained by its low 368 

incidence in the country, 0.97% in Enterobacteriaceae according to Rozales et al. (62). The 369 

blaIMP-like and blaVIM-like metalo-beta-lactamases (MBL) genes and blaGES-like carbapenemase 370 

gene were also not found in the present surveillance program, however others Brazilian 371 

studies found low frequencies of these genes in P. aeruginosa and A. baumannii (33, 36, 43, 372 

59). 373 

It is important to point out that all studies cited were carried out with GNB isolated from 374 
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patients and the identification of the resistance genes were restricted in most of the cases to 375 

resistant GNB (ESBL, MBL or carbapenem resistant, for example), becoming an important 376 

bias for the comparative analysis. 377 

There were two interesting cases of patients showing contaminated by GNB in the three 378 

isolation sites (hands, nasal and rectal swabs). One of them was a case involving P. 379 

aeruginosa that occurred to an ICU patient and the other was a IMW patient, colonized by K. 380 

pneumoniae. In both cases the GNB was present in the three isolation sites and had the same 381 

MDR, carbapenem and extended-spectrum cephalosporins resistant profile. These findings 382 

help to demonstrate the importance of hygiene practices and patients surveillance, with 383 

special attention to the barrier-breaking events, since the contamination of isolation sites like 384 

the hands, facilitates the contamination of bed equipments and healthcare workers with MDR 385 

GNB, as well as could difficult the patient treatment, once a recolonization event can occur. 386 

For our knowledge, this is the first extensive study for the screening and antimicrobial 387 

resistance profile characterization of the HAI-related GNB in a hospital that sought the 388 

correlation among patients, environment and healthcare workers. This study helped to 389 

understand more about resistant HAI-related GNB circulating in a hospital and reveals that 390 

spread of HAI-related GNB within the hospital environment is higher than predicted, 391 

indicating that healthcare workers, hospital areas and equipment are key factors on MDR 392 

gram-negative bacteria dissemination. An active surveillance program can be a powerful tool 393 

for the understanding and control of HAI, however, it is important to point out that the 394 

biggest challenge to be faced with the implementation of an active surveillance program is 395 

that it requires a formal leadership and a committed team to use well all their potential 396 

results. 397 

Acknowledgments   398 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted September 24, 2018. ; https://doi.org/10.1101/425330doi: bioRxiv preprint 

https://doi.org/10.1101/425330


 

 

 

17 

We thank Dr. Ana Cristina Gales (ALERTA Laboratory, Federal University of São Paulo) 399 

who kindly provided control strains for the study. 400 

 401 

References 402 

1. World Health Organization (WHO). 2011. Report on the burden of endemic health 403 

care-associated infection worldwide. Geneva. 404 

2. Hawkey PM. 2015. Multidrug-resistant Gram-negative bacteria: A product of 405 

globalization. J Hosp Infect 89:241–247. 406 

3. Centers for Disease Control and Prevention (CDC). 2013. Antibiotic Resistance 407 

Threats in the United States, 2013. Atlanta, GA. 408 

4. Laxminarayan R, Duse A, Wattal C, Zaidi AKM, Wertheim HFL, Sumpradit N, 409 

Vlieghe E, Hara GL, Gould IM, Goossens H, Greko C, So AD, Bigdeli M, Tomson G, 410 

Woodhouse W, Ombaka E, Peralta AQ, Qamar FN, Mir F, Kariuki S, Bhutta ZA, 411 

Coates A, Bergstrom R, Wright GD, Brown ED, Cars O. 2013. Antibiotic resistance-412 

the need for global solutions. Lancet Infect Dis 13:1057–1098. 413 

5. World Health Organization (WHO). 2015. Global action plan on antimicrobial 414 

resistance. Geneva. 415 

6. European Centre for Disease Prevention and Control (ECDC). 2013. Point prevalence 416 

survey of healthcare-associated infections and antimicrobial use in European acute care 417 

hospitals. Stockholm. 418 

7. Zimlichman E, Henderson D, Tamir O, Franz C, Song P, Yamin CK, Keohane C, 419 

Denham CR, Bates DW. 2013. Health Care–Associated Infections: A Meta-analysis of 420 

Costs and Financial Impact on the US Health Care System. JAMA Intern Med 173:2039. 421 

8. Munoz-Price LS, Arheart KL, Mills JP, Cleary T, Depascale D, Jimenez A, Fajardo-422 

Aquino Y, Coro G, Birnbach DJ, Lubarsky DA. 2012. Associations between bacterial 423 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted September 24, 2018. ; https://doi.org/10.1101/425330doi: bioRxiv preprint 

https://doi.org/10.1101/425330


 

 

 

18 

contamination of health care workers’ hands and contamination of white coats and scrubs. 424 

Am J Infect Control 40:e245–e248. 425 

9. Otter JA, Yezli S, Salkeld JAG, French GL. 2013. Evidence that contaminated surfaces 426 

contribute to the transmission of hospital pathogens and an overview of strategies to 427 

address contaminated surfaces in hospital settings. Am J Infect Control 41:S6–S11. 428 

10. Hota B. 2004. Contamination, disinfection, and cross-colonization: are hospital surfaces 429 

reservoirs for nosocomial infection? Clin Infect Dis 39:1182–1189. 430 

11. Gaudart J, Cloutman-Green E, Guillas S, D’Arcy N, Hartley JC, Gant V, Klein N. 431 

2013. Healthcare Environments and Spatial Variability of Healthcare Associated Infection 432 

Risk: Cross-Sectional Surveys. PLoS One 8:1–8. 433 

12. Hawkey PM, Jones AM. 2009. The changing epidemiology of resistance. J Antimicrob 434 

Chemother 64. 435 

13. Levy SB, Marshall B. 2004. Antibacterial resistance worldwide: causes, challenges and 436 

responses. NatMed 10:S122–S129. 437 

14. Davies J, Davies D. 2010. Origins and evolution of antibiotic resistance. Microbiol Mol 438 

Biol Rev 74:417–433. 439 

15. Tang P, Croxen MA, Hasan MR, Hsiao WWL, Hoang LM. 2017. Infection control in 440 

the new age of genomic epidemiology. Am J Infect Control 45:170–179. 441 

16. Fournier P-E, Drancourt M, Colson P, Rolain J-M, Scola B La, Raoult D. 2013. 442 

Modern clinical microbiology: new challenges and solutions. Nat Rev Microbiol 11:574–443 

585. 444 

17. Magiorakos AP, Srinivasan A, Carey RB, Carmeli Y, Falagas ME, Giske CG, 445 

Harbarth S, Hindler JF. Kahlmeter G, Olsson-Liljequist B, Paterson DL, Rice LB, 446 

Stelling J, Struelens MJ, Vatopoulos A, Weber JT, Monnet D. L.  2011. Multidrug-447 

resistent, extensively drug-resistant and pandrug-resistant bacteria: an international expert 448 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted September 24, 2018. ; https://doi.org/10.1101/425330doi: bioRxiv preprint 

https://doi.org/10.1101/425330


 

 

 

19 

proposal for interim standard definitions for acquired resistance. Microbiology 18:268–449 

281. 450 

18. Pittet D, Allegranzi B, Storr J, Nejad SB, Dziekan G, Leotsakos A, Donaldson L. 451 

2008. Infection control as a major World Health Organization priority for developing 452 

countries. J Hosp Infect 68:285–292. 453 

19. Raza MW, Kazi BM, Mustafa M, Gould FK. 2004. Developing countries have their 454 

own characteristic problems with infection control. J Hosp Infect 57:294–299. 455 

20. Peleg AY, Hooper, David C. 2010. Hospital-Acquired Infections Due to Gram-Negative 456 

Bacteria. N Engl J Med 362:1804–1813. 457 

21. Rubio FG, Oliveira VDC, Rangel RMC, Nogueira MCL, Almeida MTG. 2013. Trends 458 

in bacterial resistance in a tertiary university hospital over one decade. Brazilian J Infect 459 

Dis 17:480–482.  460 

22. Shimose LA, Masuda E, Sfeir M, Caban AB, Bueno MX, dePascale D, Spychala CN, 461 

Cleary T, Namias N, Kett DH, Doi Y, Munoz-price LS. 2016. Carbapenem-resistant 462 

Acinetobacter baumannii: Concomitant Contamination of Air and Environmental 463 

Surfaces. Infect Control Hosp Epidemiol 37:777-81. 464 

23. Munoz-Price LS, Namias N, Cleary T, Fajardo-Aquino Y, Depascale D, Arheart KL, 465 

Rivera JI, Doi Y. 2013. Acinetobacter baumannii: Association between Environmental 466 

Contamination of Patient Rooms and Occupant Status. Infect Control Hosp Epidemiol 467 

34:517–520. 468 

24. Levin AS, Gobara S, Mendes CMF, Cursino MR, Url S. 2013. Environmental 469 

Contamination by Multidrug ‐ Resistant Acinetobacter baumannii in an Intensive Care 470 

Unit. Infect Control Hosp Epidemiol 22:717-20. 471 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted September 24, 2018. ; https://doi.org/10.1101/425330doi: bioRxiv preprint 

https://doi.org/10.1101/425330


 

 

 

20 

25. Oliveira AC, Damasceno QS, Piscoya M, Nicoli JR. 2012. Epidemiologic characteristics 472 

of resistant microorganisms present in reserves from an intensive care unit. Am J Infect 473 

Control 40:186–187. 474 

26. Lozupone C, Stombaugh J, Gonzalez A, Ackermann G, Wendel D, Vasquez-Baeza Y. 475 

2013. Meta-analysis studies of the human microbiota. Genome Res 23:1704–1714. 476 

27. Bessesen MT, Kotter CV, Wagner BD, Adams JC, Kingery S, Benoit JB, Robertson 477 

CE, Janoff EN, Frank DN. MRSA colonization and the nasal microbiome in adults at 478 

high risk of colonization and infection. 2015. J Infect 71:649–657. 479 

28. Kaspar U, Kriegeskorte A, Schubert T, Peters G, Rudack C, Pieper DH, Wos-Oxley 480 

M, Becker K. 2016. The culturome of the human nose habitats reveals individual bacterial 481 

fingerprint patterns. Environ Microbiol 18:2130–2142. 482 

29. Arnoni M V, Berezin EN, Martino MD. 2007. Risk factors for nosocomial bloodstream 483 

infection caused by multidrug resistant gram-negative bacilli in pediatrics. Brazilian J 484 

Infect Dis 11:267–271. 485 

30. Toledo PVM, Arend LN, Pilonetto M, Costa Oliveira JC, Luhm KR. 2012. 486 

Surveillance programme for multidrug-resistant bacteria in healthcare-associated 487 

infections: An urban perspective in South Brazil. J Hosp Infect 80:351–353. 488 

31. Pagano M, Barin J, Martins AF, Zavascki AP. 2015. High endemic rates of OXA-23-489 

producing carbapenem-resistant Acinetobacter baumannii isolates caused by the 490 

persistence of major clones in hospitals in a Brazilian city 5 years after an outbreak. Infect 491 

Control Hosp Epidemiol 36:860–862. 492 

32. Jones RN, Guzman-Blanco M, Gales AC, Gallegos B, Castro ALL, Martino MDV, 493 

Vega S, Zurita J, Cepparulo M, Castanheira M. 2013. Susceptibility rates in Latin 494 

American nations: Report from a regional resistance surveillance program (2011). 495 

Brazilian J Infect Dis 17:672–681. 496 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted September 24, 2018. ; https://doi.org/10.1101/425330doi: bioRxiv preprint 

https://doi.org/10.1101/425330


 

 

 

21 

33. Fehlberg LCC, Xavier DE, Peraro PP, Marra AR, Edmond MB, Gales AC. 2012. 497 

Strains Causing Bloodstream Infections: Comparative Results Between Brazilian and 498 

American Isolates. Microb Drug Resist 18:402–407. 499 

34. Gales AC, Castanheira M, Jones RN, Sader HS. 2012. Antimicrobial resistance among 500 

Gram-negative bacilli isolated from Latin America: Results from SENTRY Antimicrobial 501 

Surveillance Program (Latin America, 2008-2010). Diagn Microbiol Infect Dis 73:354–502 

360. 503 

35. Werneck JS, Picao RC, Carvalhaes CG, Cardoso JP, Gales AC. 2011. OXA-72-504 

producing Acinetobacter baumannii in Brazil: a case report. J Antimicrob Chemother 505 

66:452–454. 506 

36. Franco MRG, Caiaffa-Filho HH, Burattini MN, Rossi F. 2010. Metallo-beta-507 

lactamases among imipenem-resistant Pseudomonas aeruginosa in a Brazilian university 508 

hospital. Clinics (São Paulo) 65:825–829. 509 

37. Furtado GH, Martins ST, Machado AM, Wey SB, Medeiros EA. 2006. Clinical culture 510 

surveillance of carbapenem-resistant Pseudomonas aeruginosa and Acinetobacter species 511 

in a teaching hospital in Sao Paulo, Brazil: a 7-year study. Infect Control Hosp Epidemiol 512 

27:1270–1273. 513 

38. Jaskulski MR, Medeiros BC, Borges J V., Zalewsky R, Fonseca MEC, Marinowic 514 

DR, Rocha MP, Nodari P, Machado DC. 2013. Assessment of extended-spectrum β-515 

lactamase, KPC carbapenemase and porin resistance mechanisms in clinical samples of 516 

Klebsiella pneumoniae and Enterobacter spp. Int J Antimicrob Agents 42:76–79. 517 

39. Nogueira K, Paganini MC, Conte A, Cogo LL, Taborda De Messias Reason I, Da 518 

Silva MJ, Dalla-Costa LM. 2014. Emergence of extended-spectrum β-lactamase 519 

producing Enterobacter spp. in patients with bacteremia in a tertiary hospital in southern 520 

Brazil. Enferm Infecc Microbiol Clin 32:87–92. 521 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted September 24, 2018. ; https://doi.org/10.1101/425330doi: bioRxiv preprint 

https://doi.org/10.1101/425330


 

 

 

22 

40. Wollheim C, Guerra IMF, Conte VD, Hoffman SP, Schreiner FJ, Delamare APL, 522 

Barth AL, Echeverrigaray S, da Costa SOP. 2011. Nosocomial and community 523 

infections due to class A extended-spectrum β -lactamase (ESBLA)-producing 524 

Escherichia coli and Klebsiella spp. in southern Brazil. Braz J Infect Dis 15:138-43. 525 

41. Nogueira KS, Conte D, Maia FV, Dalla-Costa LM. 2015. Distribution of extended-526 

spectrum β-lactamase types in a Brazilian tertiary hospital. Rev Soc Bras Med Trop 527 

48:162–169. 528 

42. Tollentino FM, Polotto M, Nogueira ML, Lincopan N, Mamizuka EM, Remeli GA, 529 

Almeida MTG De, Ru FG, Nogueira MCL. 2011. High Prevalence of blaCTX-M 530 

Extended Spectrum Beta-Lactamase Genes in Klebsiella pneumoniae Isolates from a 531 

Tertiary Care Hospital: First report of blaSHV-12. Microb Drug Resist 17:7–16. 532 

43. Marra AR, Camargo LFA, Pignatari ACC, Sukiennik T, Behar PRP, Medeiros EAS, 533 

Ribeiro J, Girão E, Correa L, Guerra C, Brites C, Pereira CAP, Carneiro I, Reis M, 534 

De Souza MA, Tranchesi R, Barata CU, Edmond MB, Brazilian SCOPE Study 535 

Group. 2011. Nosocomial bloodstream infections in Brazilian hospitals: Analysis of 2,563 536 

cases from a prospective nationwide surveillance study. J Clin Microbiol 49:1866–1871. 537 

44. Vasques MRG, Bello AR, Lamas CDC, Correa J, Pereira JAA. 2011. β-lactamase 538 

producing enterobacteria isolated from surveillance swabs of patients in a cardiac 539 

intensive care unit in Rio de Janeiro, Brazil. Braz J Infect Dis 15:28–33. 540 

45. Peirano G, Asensi MD, Pitondo-Silva A, Pitout JDD. 2011. Molecular characteristics of 541 

extended-spectrum  β-lactamase-producing Escherichia coli from Rio de Janeiro, Brazil. 542 

Clin Microbiol Infect 17:1039–1043. 543 

46. Dropa M, Balsalobre LC, Lincopan N, Matté GR, Matté MH. 2015. Complex class 1 544 

integrons harboring CTX-M-2-encoding genes in clinical Enterobacteriaceae from a 545 

hospital in Brazil. J Infect Dev Ctries 9:890–897. 546 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted September 24, 2018. ; https://doi.org/10.1101/425330doi: bioRxiv preprint 

https://doi.org/10.1101/425330


 

 

 

23 

47. Ribeiro VB, Andrade LN, Linhares AR, Barin J, Darini AL da C, Zavascki AP, 547 

Barth AL. 2013. Molecular characterization of Klebsiella pneumoniae carbapenemase-548 

producing isolates in southern Brazil. J Med Microbiol 62:1721–1727. 549 

48. Rieger A, Mohr G, Vargas da Silva L, Fernando de Oliveira C, Pereira da Rocha M. 550 

2016. Update on monitoring the spread of KPC carbapenemase-producing Klebsiella spp. 551 

in South Brazil. J Hosp Infect 92:107–111. 552 

49. Tuon FF, Rocha JL, Toledo P, Arend LN, Dias CH, Leite TM, Penteado-Filho SR, 553 

Pilonetto M, Zavascki AP. 2012. Risk factors for KPC-producing Klebsiella pneumoniae 554 

bacteremia. Brazilian J Infect Dis 16:416–419. 555 

50. Cabral AB, Melo RCA, Maciel MAV, Lopes ACS. 2012. Multidrug resistance genes, 556 

including blaKPC and blaCTX-M-2, among Klebsiella pneumoniae isolated in Recife, 557 

Brazil. Rev Soc Bras Med Trop 45:572–578. 558 

51. Bier KE, Luiz SO, Scheffer MC, Gales AC, Paganini MC, do Nascimento AJ, 559 

Carignano E, Dalla Costa LM. 2010. Temporal evolution of carbapenem-resistant 560 

Acinetobacter baumannii in Curitiba, southern Brazil. Am J Infect Control 38:308–314. 561 

52. Antonio CS, Neves PR, Medeiros M, Mamizuka EM, De Araújo MRE, Lincopan N. 562 

2011. High prevalence of carbapenem-resistant Acinetobacter baumannii carrying the 563 

blaOXA-143 gene in Brazilian hospitals. Antimicrob Agents Chemother 55:1322–1323. 564 

53. Nemec A, Krizova L, Maixnerova M, van der Reijden TJK, Deschaght P, Passet V, 565 

Vaneechoutte M, Brisse S, Dijkshoorn L. 2011. Genotypic and phenotypic 566 

characterization of the Acinetobacter calcoaceticus-Acinetobacter baumannii complex 567 

with the proposal of Acinetobacter pittii sp. nov. (formerly Acinetobacter genomic species 568 

3) and Acinetobacter nosocomialis sp. nov. (formerly Acinetobacter genomic species 569 

13TU). Res Microbiol 162:393–404. 570 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted September 24, 2018. ; https://doi.org/10.1101/425330doi: bioRxiv preprint 

https://doi.org/10.1101/425330


 

 

 

24 

54. Vasconcelos ATR, Barth AL, Zavascki AP, Gales AC, Levin AS, Lucarevschi BR, 571 

Cabral BG, Brasiliense DM, Rossi F, Furtado GHC, Carneiro ICRS, da Silva JO, 572 

Ribeiro J, Lima KVB, Correa L, Britto MH, Silva MT, da Conceição ML, Moreira 573 

M, Martino MD V, de Freitas MR, Oliveira MS, Dalben MF, Guzman RD, Cayô R, 574 

Morais R, Santos SA, Martins WMBS. 2015. The changing epidemiology of 575 

Acinetobacter spp. producing OXA carbapenemases causing bloodstream infections in 576 

Brazil: A BrasNet report. Diagn Microbiol Infect Dis 83:382–385. 577 

55. Teixeira AB, Martins AF, Barin J, Hermes DM, Pitt CP, Barth AL. 2013. First report 578 

of carbapenem-resistant Acinetobacter nosocomialis isolates harboring ISAba1-blaOXA-579 

23 genes in Latin America. J Clin Microbiol 51:2739–2741. 580 

56. Neves FC, Clemente WT, Lincopan N, Paião ID, Neves PR, Romanelli RM, Lima 581 

SSS, Paiva LF, Mourão PHO, Nobre-Junior VA. 2016. Clinical and microbiological 582 

characteristics of OXA-23- and OXA-143-producing Acinetobacter baumannii in ICU 583 

patients at a teaching hospital, Brazil. Brazilian J Infect Dis. doi: 584 

10.1016/j.bjid.2016.08.004. 585 

57. Clímaco EC, Oliveira ML de, Pitondo-Silva A, Oliveira MG, Medeiros M, Lincopan 586 

N, Da Costa Darini AL. 2013. Clonal complexes 104, 109 and 113 playing a major role 587 

in the dissemination of OXA-carbapenemase-producing Acinetobacter baumannii in 588 

Southeast Brazil. Infect Genet Evol 19:127–133. 589 

58. Camargo CH, Tiba MR, Saes MR, De Vasconcellos FM, Dos Santos LF, Romero EC, 590 

De Oliveira Garcia D. 2016. Population structure analysis of carbapenem-resistant 591 

Acinetobacter baumannii clinical isolates from Brazil reveals predominance of clonal 592 

complexes 1, 15 and 79. Antimicrob Agents Chemother 60:2545–2547. 593 

59. Polotto M, Casella T, de Lucca Oliveira MG, Rúbio FG, Nogueira ML, de Almeida 594 

MT, Nogueira MC. 2012. Detection of P. aeruginosa harboring blaCTX-M-2, blaGES-1 595 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted September 24, 2018. ; https://doi.org/10.1101/425330doi: bioRxiv preprint 

https://doi.org/10.1101/425330


 

 

 

25 

and blaGES-5, blaIMP-1 and blaSPM-1 causing infections in Brazilian tertiary-care 596 

hospital. BMC Infect Dis 12:176. 597 

60. Lucena A, Dalla Costa LM, Nogueira KS, Matos AP, Gales AC, Paganini MC, Castro 598 

MES, Raboni SM. 2014. Nosocomial infections with metallo-beta-lactamase-producing 599 

Pseudomonas aeruginosa: Molecular epidemiology, risk factors, clinical features and 600 

outcomes. J Hosp Infect 87:234–240. 601 

61.  Carvalho-Assef APDA, Pereira PS, Albano RM, Berião GC, Tavares CP, Chagas 602 

TPG, Marques EA, Timm LN, Da Silva RCF, Falci DR, Asensi MD. 2014. Detection 603 

of NDM-1-, CTX-M-15-, and qnrB4-producing Enterobacter hormaechei isolates in 604 

Brazil. Antimicrob Agents Chemother 58:2475–2476. 605 

62. Rozales P, Ribeiro VB, Magagnin CM, Pagano M, Barth AL, Zavascki AP, Lutz L, 606 

Falci DR. 2014. Emergence of NDM-1-producing Enterobacteriaceae in Porto Alegre, 607 

Brazil Int J of Infect Dis 25:79–81. 608 

 609 

Figures legends 610 

Figure 1. Relative abundance of gram-negative bacteria (GNB) related to healthcare 611 

associated infection (HAI) isolated from patients (PT), hospital environment and equipment 612 

(HE) and healthcare workers (HCW). 613 

NI: Not Identified.  614 

 615 

Figure 2. Abundance of Gram negative bacteria according to resistant profile in patients (PT), 616 

hospital environment/equipment (HE) and healthcare workers (HCW) (N = 310).  617 
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A: Total abundance. B: Abundance of multidrug-resistant (MDR) bacteria. C: Abundance of 618 

extended-spectrum cephalosporins resistant (ESC-R) bacteria. D: Abundance of carbapenem 619 

resistant (CARB-R) bacteria. * p=0.036. 620 

  621 

Figure 3. Abundance of Gram negative bacteria according to resistant profile in the six 622 

hospital units - Surgical Ward (SUW), Internal Medicine Ward (IMW), General Surgery Unit 623 

(GSU), Intensive Care Unit A and B (ICU-A and ICU-B) and Emergency (EMG) (N = 310). 624 

A: Total abundance. B: Abundance of multidrug-resistant (MDR) bacteria. C: Abundance of 625 

extended-spectrum cephalosporins resistant (ESC-R) bacteria. D: Abundance of carbapenem 626 

resistant (CARB-R) bacteria.  * p<0.05. 627 

 628 

Figure 4. Abundance of Gram negative bacteria according to resistant profile in the different 629 

areas of the hospital or the isolation sites (N = 310). 630 

A: Total abundance. B: Abundance of multidrug-resistant (MDR) bacteria. C: Abundance of 631 

extended-spectrum cephalosporins resistant (ESC-R) bacteria. D: Abundance of carbapenem 632 

resistant (CARB-R) bacteria. 633 

 634 

Figure 5. Proportion of multidrug-resistant (MDR), extended-spectrum cephalosporins 635 

resistant (ESC-R) and carbapenem resistant (CARB-R) bacteria in patients (PT), hospital 636 

environment/equipment (HE) and healthcare workers (HCW).  637 

A: Proportions for Enterobacteriaceae; B: Proportions for Acinetobacter spp.; C: Proportions 638 

for Pseudomonas spp.  *p<0,0001.  639 

 640 
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Figure 6. Heat map showing the frequencies of the beta-lactamases resistance genes identified 641 

in the total (TT) samples of each gram-negative bacteria (GNB) related to healthcare 642 

associated infection (HAI) group and for the most important GNB isolated from patients (PT), 643 

hospital environment and equipment (HE) and healthcare workers (HW).  644 

The red color indicates high beta-lactamases genes frequencies, while yellow and white colors 645 

indicates low and null frequencies, respectively. Cells with cross line represents untested 646 

genes. For comparison purposes, we considered only the GNB with Antimicrobial 647 

Susceptibility Test (AST). 
a
Enterobacteriaceae with AST = 220. 

b
Klebsiella pneumoniae with 648 

AST = 55. 
c
Enterobacter cloacae complex with AST = 49. 

d
Escherichia coli with AST = 57. 649 

e
Acinetobacter spp. with AST = 52. 

f
Acinetobacter baumannii complex with AST = 49. 650 

g
Pseudomonas spp. with AST = 34. 

h
Pseudomonas aeruginosa with AST = 25. 651 
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Figure 1. Relative abundance of gram-negative bacteria (GNB) related to healthcare associated 

infection (HAI) isolated from patients (PT), hospital environment and equipment (HE) and 

healthcare workers (HCW). 

NI: Not Identified.
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Figure 2. Abundance of Gram negative bacteria according to resistant profile in patients (PT), 

hospital environment/equipment (HE) and healthcare workers (HCW) (N = 310).  

A: Total abundance. B: Abundance of multidrug-resistant (MDR) bacteria. C: Abundance of extended-spectrum 

cephalosporins resistant (ESC-R) bacteria. D: Abundance of carbapenem resistant (CARB-R) bacteria. * p=0.036. 
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Figure 3. Abundance of Gram negative bacteria according to resistant profile in the six hospital 

units - Surgical Ward (SUW), Internal Medicine Ward (IMW), General Surgery Unit (GSU), 

Intensive Care Unit A and B (ICU-A and ICU-B) and Emergency (EMG) (N = 310). 

A: Total abundance. B: Abundance of multidrug-resistant (MDR) bacteria. C: Abundance of extended-spectrum 

cephalosporins resistant (ESC-R) bacteria. D: Abundance of carbapenem resistant (CARB-R) bacteria.  * p<0.05. 
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Figure 4. Abundance of Gram negative bacteria according to resistant profile in the different 

areas of the hospital or the isolation sites (N = 310).  

A: Total abundance. B: Abundance of multidrug-resistant (MDR) bacteria. C: Abundance of extended-spectrum 

cephalosporins resistant (ESC-R) bacteria. D: Abundance of carbapenem resistant (CARB-R) bacteria. 
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Figure 5. Proportion of multidrug-resistant (MDR), extended-spectrum cephalosporins resistant (ESC-R) and carbapenem resistant (CARB-R) 

bacteria in patients (PT), hospital environment/equipment (HE) and healthcare workers (HCW).  

A: Proportions for Enterobacteriaceae; B: Proportions for Acinetobacter spp.; C: Proportions for Pseudomonas spp.  *p<0,0001.
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Enterobacteriaceae
a
 Acinetobacter spp.

 e
 Pseudomonas spp.

 g
 

K. pneumoniae
b
 E. cloacae

c
 E. coli

d
  A. baumannii

f
  P. aeruginosa

h
  

PT HE HW TT PT HE HW TT PT HE HW TT PT HE HW TT PT HE HW TT PT HE HW TT PT HE HW TT PT HE HW TT 

blaCTX-M-1 

group 37.5 13.8 0 23.6 25.0 16.0 25.0 20.4 3.8 0 0 3.5 12.9 14.1 9.1 13.2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

blaCTX-M-2 

group 0 0 0 0 0 0 0 0 1.9 0 0 1.8 0.8 0 0 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

blaCTX-M-8 

group 16.7 24.1 0 20.0 0 12.0 0 6.1 7.5 33.3 0 8.8 6.5 18.8 0 10.9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

blaCTX-M-9 

group 25.0 3.4 0 12.7 25.0 4.0 0 12.2 0 0 0 0 8.9 2.4 0 5.9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

blaCTX-M-

25 group 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

blaKPC-like 33.3 10.3 0 20.0 0 4.0 0 2.0 1.9 0 0 1.8 7.3 4.7 0 5.9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

blaSHV-like 91.7 72.4 100 81.8 10.0 8.0 0 8.2 5.7 0 0 5.3 21.8 29.4 18.2 24.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

blaSPM-like                         15.8 0 0 12.0 15.8 0 0 8.8 

blaGES-like                         0 0 0 0 0 0 0 0 

blaNDM-

like 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

blaIMP-like 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

blaVIM-like 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

blaOXA-23-

like 
                92.3 23.3 16.7 40.8 92.3 27.3 16.7 42.3         

blaOXA-48-

like 
0 0 0 0         0 0 0 0 0 0 0 0 0 0 0 0         

blaOXA-51-

like 
                92.3 40.0 33.3 53.1 92.3 36.4 33.3 50.0         

blaOXA-58-

like 
                0 0 0 0 0 0 0 0         

blaOXA-72-

like 
                0 0 0 0 0 0 0 0         

blaOXA-

143-like 
                0 0 0 0 0 0 0 0         

 

100%                                                                                                         Resistance gene frequency                                                                                                0% 
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Figure 6. Heat map showing the frequencies of the beta-lactamases resistance genes identified in the total (TT) samples of each gram-negative 

bacteria (GNB) related to healthcare associated infection (HAI) group and for the most important GNB isolated from patients (PT), hospital 

environment and equipment (HE) and healthcare workers (HW).  

The red color indicates high beta-lactamases genes frequencies, while yellow and white colors indicates low and null frequencies, respectively. Cells with cross line represents 

untested genes. For comparison purposes, we considered only the GNB with Antimicrobial Susceptibility Test (AST). 
a
Enterobacteriaceae with AST = 220. 

b
Klebsiella 

pneumoniae with AST = 55. 
c
Enterobacter cloacae complex with AST = 49. 

d
Escherichia coli with AST = 57. 

e
Acinetobacter spp. with AST = 52. 

f
Acinetobacter baumannii 

complex with AST = 49. 
g
Pseudomonas spp. with AST = 34. 

h
Pseudomonas aeruginosa with AST = 25. 
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