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Abstract

Healthcare-associated infections (HAI) are an important public health threat with the
multidrug-resistant (MDR) gram-negative bacteria (GNB) being of particular concern. Here
we present the antimicrobial resistance profile of HAI-related GNB (HAIrB) isolated from
patients (PT), healthcare workers (HCW) and hospital environment (HE) in a six-month
screening program. From the 180 sampling points distributed in six hospital units, a total of

1,080 swabs were collected allowing the isolation of 390 HAIrB: 50.5% from HE, 42.6%
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from PT and 6.9% from HCW. Among the HAIrB, 32.6% were characterized as MDR and
38.7% as extended-spectrum cephalosporins resistant (ESC-R), showing no differences in the
distribution between PT, HE and HCW. Carbapenem resistance (CARB-R) was detected for
17.7% of all HAIrB, being higher among Acinetobacter spp. isolates (36.5%), followed by
Enterobacteriaceae (14.5%) and Pseudomonas spp. (11.8%). Except for the ICU, that
revealed higher MDR, CARB-R and ESC-R rates, HAIrB-resistant profiles were similarly
detected within the hospital units. Prevalence of blakpc.ike and blacrx-m-1 P-lactamases-
resistance genes was higher in K. pneumoniae and E. cloacae complex, while blapgxa-23-iike
and blaspm.iike Were higher in A. baumannii and P. aeruginosa, respectively. This study
reveals that the spreading of HAIrB within a hospital environment is higher than predicted,
indicating that healthcare workers, hospital areas and equipment are key players on
dissemination of MDR gram-negative bacteria and shows that an active surveillance program

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

Introduction

Healthcare-associated infections (HAI) are important public health threats requiring
continuous monitoring and efficient surveillance programs (1). HAI caused by multidrug-
resistant (MDR) gram-negative bacteria (GNB) are of particular concern, with high-risk
global alerts (2-4). HAI can seriously affect patient health, promoting long-term hospital
stays and increasing the mortality, in addition to impose high costs for the healthcare system
(5-7). There are many evidences that the hospital environment and the healthcare workers are
key players on large-scale dissemination of MDR bacteria (8-11). Also, the combination of
fast human mobility around the world with selective pressure by overuse and misuse of
antibiotics in human and food-producing animals along with the difficulties in adopting

simple control measures, form the perfect system to ensure the spread of MDR bacteria (12-
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14). In this scenario, adoption of surveillance programs based on new technologies associated
with the rational management of antimicrobials and the continuous training for healthcare
workers can allow an effective control of HAI transmission, ensuring the patient safety and a
consequent reduction of direct and indirect healthcare costs (5, 15-16).

To better understand the antimicrobial resistance profile and the dissemination of HAI-related
GNB in the healthcare setting we carried out a six-month surveillance program targeting

patients, hospital environment and healthcare workers.

Material and Methods

Study design

The Healthcare-associated Infections Microbiome Project (HAIMP) was carried out at the
Professor Polydoro Ernani de S&o Thiago University Hospital of Federal University of Santa
Catarina (UFSC, Florianopolis/SC, Brazil). The UFSC Human Research Ethics Committee
approved this project (number 32930514.0.0000.0121). Between April and September of
2015, a total of 1,080 samples were collected from patients (PT: rectal, nasal and hands
swabs; n=198), hospital environment and equipment (HE: high-touch surfaces; n=666) and
healthcare workers (HCW: hands, cell phone and protective clothing; n=216). These samples
were collected monthly from 180 points (Table S1) distributed in six hospital units:
emergency ward (EMG), internal medicine ward (IMW), surgical ward (SUW), general
surgery unit (GSU) and intensive care unit A and B (ICU-A and ICU-B). All participants
were initially informed about the study aims and sampling was carried out upon a signature
of an informed consent. Only long-term hospitalized patients were included in the present
study. The samples were collected using Amies agar gel-containing swabs (Copan Inc., Italy)
and stored at 4 °C until processing (within 48 hours).

Phenotypic analyses
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76  Collected swabs were inoculated in Brain Heart Infusion (BHI) broth (BD, USA), incubated
77  for 12-18 hours at 36 °C (x1 °C) prior to plating on selective MacConkey agar (BD, USA),
78  following incubation (18-24 hours) at 36 °C (x1 °C). Different morphotypes of Colony-
79  Forming Units (CFU) were isolated and transferred onto new MacConkey agar plates.
80 Identification and antimicrobial susceptibility test (AST) of each isolate were performed
81 using Vitek®2 (BioMérieux Inc., USA) GN ID and AST-N239 cards according to the
82  manufacturer's instructions. Based on the AST results, the isolates were then classified as
83  “not multidrug-resistant” (Not MDR) or “multidrug-resistant” (MDR), according to the
84  acquired resistance classification (17).

85  Genotypic analyses

86 DNA from all GNB isolates was obtained using a magnetic beads protocol (Neoprospecta
87  Microbiome Technologies, Brazil) and quantified using Qubit dsDNA BR Assay Kit
88  (Invitrogen, USA). A panel of the most important B-lactamases genes in the Brazilian
89  scenario (Table S2) was tested by qPCR using specific primers and hydrolysis probes in a
90  duplex or triplex configuration. The qPCR reactions were carried out in a 10 uL final volume,
91  containing 0.5 ng of DNA and 1X Master Mix (Cy5®, HEX™ and FAM™ labeled probes;
92  ROX™ as passive reference; specific forward and reverse primers) (Neoprospecta
93  Microbiome Technologies, Brazil). A negative reaction control and a positive control of each
94  resistance gene (characterized strains containing the gene of interest) were included and the
95  assays were carried out in triplicate. The gqPCR amplifications were performed on an ABI
96 7500 Fast Real-Time PCR System (Applied Biosystems, Foster City, CA, USA), using the
97  following thermal conditions: 95 °C for 10 min, 35 cycles of 95 °C for 15 s, 60 °C for 30 s
98 and72°Cfor30s.

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

100  region (Neoprospecta Microbiome Technologies, Brazil) for species confirmation purposes.
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101  The 16S rRNA libraries were sequenced using the MiSeq Sequencing System (lllumina Inc.
102  San Diego, CA, USA) with the V2 kit, 300 Cycles, single-end sequencing.

103  Qui-square or Fisher’s exact test were used for pairwise or proportions comparisons, with
104  significance level set at P < 0.05. All statistical analyses were performed using MedCalc
105  Statistical Software version 14.8.1 (Ostend, Belgium).

106

107  Results

108 Gram-negative bacteria (GNB) identification

109  Among the 1,080 samples collected during the six-month hospital screening, 25.5% (275)
110  were positive for the presence of HAI-related GNB, with statically significant differences
111 between the samples sources (p<0.0001): 53.1% (146) were from hospital environment (HE),
112 37.5% (103) were from patients (PT) and 9.5% (26) were from healthcare workers (HCW).
113 The highest incidence of positive samples for HAI-related GNB was found in the EMG
114 (32.9%; 77/234), followed by SUW (30.1%; 47/156), ICU-B (25.8%; 51/198), IMW (24.1%;
115  39/162), ICU-A (23.7%; 44/186) and GSU (11.8%; 17/144); only GSU was statistically
116  different from the other units (p<0.05).

117  We obtained 390 isolates from the HAI-related GNB positive samples: 197 were from HE
118  (50.5%), 166 from PT (42.6%) and 27 from HCW (6.9%). The phenotypic identification by
119  Vitek®2 (GN ID card) allowed the identification of 40 distinct species from 380 isolates
120  (Figure 1, Table S3). Among these, Escherichia coli, Klebsiella pneumoniae, Pantoea spp.,
121 Acinetobacter baumannii complex and Enterobacter cloacae complex species were the most
122 abundant, being found at similar frequencies. Identification by Vitek®2 GN 1D card failed for
123 10 (2.6%) of the isolates.

124 Antimicrobial Susceptibility Test (AST)

125  Out of the 390 HAl-related GNB, 310 isolates could be analyzed (Vitek®2 AST card failed
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126  for 70 and GN ID card failed for 10 of the isolates). The AST analyses allowed us to classify
127  32.6% (101/310) of the HAI-related GNB as multidrug -resistant (MDR), with no statistically
128  significant difference between the three sources: PT 42.0% (66/157), HE 23.9% (32/134) and
129 HCW 15.8% (3/19). Resistance of GNB to carbapenems (meropenem, ertapenem or
130  imipenem) was identified in 17.7% of the isolates, being significantly higher in PT (24.2%,
131  p=0.036), followed by HCW (15.8%) and HE (10.4%). Resistance of GNB to extended-
132 spectrum cephalosporins (cefepime, ceftazidime or ceftriaxone) was 38.7%, with no
133  statistically significant differences between the sources: 35.0% for PT, 41.0% for HE and
134  52.6% for HCW (Figure 2). The distribution of MDR HAI-related GNB by each hospital
135 unit, revealed that ICU-B and SUW had the highest proportion, 57.1% (32/56) and 36.5%
136  (19/52), respectively, followed by ICU-A with 30.9% (17/55), IMW with 29.3% (17/58) and
137 EMG with 21.9% (16/73) (in GSU the MDR profile was not identified) (p=0.0001). The
138 ICU-B also showed the highest prevalence of HAI-related GNB resistant to carbapenems,
139  44.6% (statistically different from the other units), followed by IMW with 20.7%, ICU-A
140  with 16.4%, SUW with 7.7% and EMG with 6.8% (p<0.0001). Resistance to carbapenems
141  was not detected in GNB isolated from GSU. Once again, resistance to extended-spectrum
142 cephalosporins was higher in ICU-B with 60.7% and in IMW with 44.8%, followed by ICU-
143 A with 36.4%, EMG with 31.5%, SUW with 26.9% and GSU with 18.8% (p=0.0014) (Figure
144 3, Table S4).

145  We separated the collected samples into groups (representing the areas of the hospital or the
146  isolation sites) with the distribution of GNB and their resistance profile (Figure 4, Table S5).
147  Analysis of this data allowed us to identify the critical points of contamination within the
148  studied areas.

149  Characterization of the patient-related samples

150 During the sampling period, a total of 66 patients had their samples collected, including
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151  samples from their respective beds (HE samples) in all hospital units, except GSU. The
152  average age of the patients was 63.2 years, being 47.0% female and 53.0% male. The average
153  length of hospital stay was 15.3 days and, unexpectedly, the longer hospitalization was seen
154  for SUW patients, with 24.3 days, followed by IMW (23.4 days), ICU-B (15.0 days), ICU-A
155  (10.4 days) and EMG (6.8 days). More than half of these patients (54.5%) were admitted to
156  more than one unit of the hospital and 65.2% undergone at least one invasive procedure.
157  Medical records also show that 50.0% of the patients did not present HAI during the current
158  hospitalization, 43.9% had a HAI during the current hospitalization and 6.1% were colonized
159 by HAI-related bacteria. The results of the present study showed that 62 patients (93.9%) had
160 at least one HAI-related GNB isolated from their samples and 63.6% of the patients had at
161  least one MDR GNB, 39.4% had an extended-spectrum cephalosporin GNB and 28.8% had a
162  carbapenem resistant GNB. From the patients with two or more sites colonized by HAI-
163  related GNB (28/66 - 46.7%) we identified MDR GNB of same species in 42.9% of the
164  cases, with 35.7% showing an AST very similar (equal MDR and carbapenem resistance
165  classification). Correspondence of HAI-related GNB isolated from patients and from their
166  beds was positive for 31 cases: 16.1% revealed to be the same GNB species with equal MDR
167  and carbanepem resistance profiles.

168  Enterobacteriaceae antimicrobial resistance profile

169 The most common Enterobacteriaceae (n=279) found were Escherichia coli (20.4%),
170  Klebsiella pneumoniae (19.7%) Pantoea spp. (19.4%), Enterobacter cloacae complex
171 (17.5%) and Serratia marcescens (5.4%).

172 A total of 220 of the 279 Enterobacteriaceae presented results for the AST. AST results for
173  the three most frequent species of HAI-related Enterobacteriaceae (Klebsiella pneumoniae,
174  Enterobacter cloaceae and Escherichia coli) in PT, HE and HCW are presented in Tables S6,

175 S7 and S8. Analysis of the antimicrobial resistance profiles did not show statistically
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176  significant differences among the different GNB sources (PT, HE and HCW) (Figure 5A).
177  MDR profile was found in 35.0% of the Enterobacteriaceae, carbapenem resistance was
178  present in 14.5% and extended-spectrum cephalosporins resistance was found in 30.9%. In
179  PT, HE and HCW, MDR was found in 40.3% (50/124), 29.4% (25/85) and 18.2% (2/11) of
180 the Enterobacteriaceae isolates, carbapenem resistance was identified in 17.7%, 9.4% and
181  18.2% and extended-spectrum cephalosporins resistance was present in 31.4%, 29.4% and
182  36.4%, respectively, with no statistically significant differences among the groups tested.

183  When the three most frequent species of Enterobacteriaceae were analyzed separately, in
184  patients (PT) we found that MDR, carbapenem resistance and extended-spectrum
185  cephalosporins resistance for these species were, respectively, 66.7%, 45.8% and 62.5% for
186  Klebsiella pneumoniae (n=24), 65.0%, 40.0% and 65.0% for Enterobacter cloacae complex
187  (n=20) and 32.1%, 1.9% and 17.0% for Escherichia coli (n=53). For hospital environment
188 (HE) samples, K. pneumoniae (n=29) and E. cloacae complex (n=25) were classified as
189 MDR in 41.4% and 28.0% of the cases, respectively, 13.8% and 12.0% were carbapenem
190 resistant and 48.3% and 32.0% presented resistance to extended-spectrum cephalosporins.
191  We found a case of a IMW patient colonized by MDR (carbapenem and extended-spectrum
192  cephalosporins resistant) K. pneumoniae in the three isolations sites (rectal swab, hands and
193  nasal). In healthcare workers (HCW) we found two K. pneumoniae, three E. cloacae complex
194 and one E. coli, being the two E. cloacae complex isolates MDR and resistant to
195  carbapenems.

196  Frequencies of resistance genes detected by qPCR in HAI-related Enterobacteriaceae from
197  PT, HE and HCW are presented in Figure 6 as a heat map, emphasizing the most important
198 GNB of the family (K. pneumoniae, E. cloacae complex and E. coli) (Table S9 shows
199 resistance genes frequencies with the respective Cgq mean). The blakpc.iike gene was found in

200  5.9% (13/220) of Enterobacteriaceae, all of them resistant to carbapenems and identified as
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201 K. pneumoniae, E. cloacae complex or Escherichia coli. In another Enterobacteriaceae
202  species resistant to carbapenems we did not found blakpciike Or any other tested
203  carbapenemase encoding gene. Klebsiella pneumoniae recovered from PT (n=24) presented
204  concern beta-lactamase genes frequencies: 91.7% for blasyy-iike, 37.5% for blactx-m-1 group,
205  33.3% for blakpc-iike, 25.0% for blactx-m-9 group and 16.7% for blacrx-m-s group (some of
206  these K. pneumoniae harboring three or more beta-lactamase genes).

207  Acinetobacter spp. antimicrobial resistance profile

208  Using the phenotypic identification, we found that 92.5% (49/53) were Acinetobacter
209  baumannii complex, 5.7% (3/53) were Acinetobacter Iwoffii and 1.9% (1/53) Acinetobacter
210  radioresistens.

211 Table S10 shows the phenotypic antimicrobial resistance profile of 52 HAI-related
212 Acinetobacter spp. in PT, HE and HCW (Table S11 shows AST results for Acinetobacter
213  baumannii complex separately). For Acinetobacter spp. the highest resistance to
214  antimicrobials was seen in PT (Figure 5B): 92.3% (12/13) were MDR and resistant to
215  carpapenems (imipenem or meropenem). The blaoxa-23-ike g€Ne, which confers resistance to
216  carbapenems, was identified at the same frequency (92.3%) (Figure 6). In HE and HCW
217  carbapenem resistance were lower, 18.2% (6/33) and 16.7% (1/6) respectively. When PT, HE
218 and HCW were analyzed together Acinetobacter spp. still showed the highest carbapenem
219  resistance of all HAl-related GNB: 36.5%. MDR profile was found in 34.6% of
220  Acinetobacter spp.: 92.3% (12/13) in PT, 15.2% (5/33) in HE and 16.7% (1/6) in HCW. The
221  carbapenems resistance and MDR profiles were statistically significant different when we
222  compare PT with HE or HCW (p<0.0001). Extended-spectrum cephalosporins resistance
223 (cefepine, ceftazidime or ceftriaxone) was found in 100%, 90.9% and 100% of PT, HE and
224 HCW respectively (Figure 5B).

225  Figure 6 shows the frequencies of beta-lactamase genes detected by qPCR in HAI-related
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226  Acinetobacter spp. from PT, HE and HCW, with A. baumannii complex analyzed separately
227  (Table S9). In A. baumannii complex (n=49) the blaoxa-2s-iike Was found in 40.8% of the
228 isolates and, interestingly, blaoxa-si-iike (intrinsic in A. baumannii) was found only in 53.1.
229  Because of this unexpected observation, all Acinetobacter spp. were identified by high-
230  throughput sequencing of V3/V4 region of the 16S rRNA for species confirmation. The
231 isolates identified as A. baumannii complex by Vitek®2, GN ID card, with no detection of
232  blaoxa-si-like gene (n=23), were identified by 16S rRNA sequencing as A. baumannii (one), A.
233  calcoaceticus (seven) and A. pittii, A. soli or A. nosocomialis (15), which explains the
234  absence of the gene in most of the cases.

235 Pseudomonas spp. antimicrobial resistance profile

236  For Pseudomonas spp. isolated in the survey (n=39), 64.1% were identified as Pseudomonas
237  aeruginosa, 15.4% were Pseudomonas putida, 15.4% were Pseudomonas stutzeri and 5.2%
238  were Pseudomonas luteola or Pseudomonas oryzihabitans.

239  AST profile of HAI-related Pseudomonas spp. from PT and HE can be verified in Table S12
240  (Table S13 shows AST results for Pseudomonas aeruginosa separately). This GNB group
241  presented the more susceptible antimicrobial profiles, with resistance to important classes,
242  like carbapenems and antipseudomonal cephalosporins (cefepine or ceftazidime), identified
243 only in PT Pseudomonas spp. (n=19): 21.1% and 15.8%, respectively. The acquired
244 resistance classification showed that 15.8% of Pseudomonas spp. in PT were MDR (Figure
245 5C) and presented the blaspm-iike gene, that classically confers resistance do carbapenems
246  (Figure 6, Table S9). All Pseudomonas spp. were 100% susceptible to Colistin.

247  Antimicrobial resistant profiles (MDR or carbapenem resistance) and blaspm-iike Were found
248 only in Pseudomonas aeruginosa and is important to point out that three of them were
249  isolated from the same ICU patient (one P. aeruginosa for each isolation site - hand, nasal

250  and rectal swabs).
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251

252  Discussion

253  There is a high risk of acquiring HAI in developing countries, reaching up to 27%. The fight
254  to improve patient safety is difficult because of the increasing antimicrobial resistance rates,
255  coupled to other serious health systems problems and to the fact that health authorities are not
256  sufficiently prepared to face the problem (18-19). Gram-negative bacteria (GNB) present a
257  good performance against the antibiotics, making them a leading cause of HAI and a matter
258  of great concern for the currently available therapies (20).

259  Here, we presented the first results for culture-dependent samples of the Healthcare-
260 associated Infections Microbiome Project (HAIMP) that has been carried out in a teaching
261  hospital in Southern Brazil. During six months, patients (PT), healthcare workers (HCW) and
262  hospital environment (HE) were monitored using swab samples for the screening of HAI-
263  related gram-negative bacteria (GNB).

264 A total of 390 GNB were isolated during the surveillance program. Seven species/genus (or
265  species complex) accounted for 80% (304/380) of the total GNB identified, almost all of
266  them classically identified in previous healthcare studies, like Klebsiella penumoniae,
267  Enterobacter cloacae complex and Acinetobacter baumannii complex (21).

268  From all the collected swabs, the samples from PT, HE and HCW had different frequencies
269  of GNB. There is a higher contamination rate of the patients and hospital environment
270  samples by HAIl-related GNB, when compared to the healthcare workers. Giving the
271  inclusion criteria applied in our study, more than 90% of the patients presented a HAI-related
272  GNB. We found several cases where the same GNB species (with similar or equal resistance
273  profile) was identified in samples from the patients and their room, suggesting a cross
274  contamination and demonstrating the importance of the hospital environment in the HAI

275  dissemination (11, 22-25). Patients rectal swabs were the site with the highest positivity,
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276  followed by nasal and hands swabs. However, GNB from nasal and hands swabs had
277  relatively higher resistance rates than GNB from rectal swabs, probably due to different
278  composition of bacterial populations (26), making them more likely to be colonized by MDR
279  GNB. Nasal colonization studies usually emphasize gram-positive bacteria (27, 28), however
280 it is important to highlight the high contamination rate by GNB identified in nasal swab
281  samples of this survey: 23 of 66 participating patients had at least one GNB isolated from this
282  collection site, some of them MDR and resistant to carbapenems.

283  We found that 32.6% of the HAI-related GNB were MDR and no statistically significant
284  differences were seen for PT (47.7%), HE (29.1%) and HCW (26.3%). Brazilian studies
285  found MDR profile for GNB isolated from patients ranging from 32% to 48% (29, 30).

286 In the present study, the resistance rate to carbapenems was 17.7%, being 24.2% when
287  considering only the PT samples. The average carbapenem resistance reported in the
288 literature for HAI diagnosed patients samples is 42.7% (31-37). The extended-spectrum
289  cephalosporins resitance were identified in 38.7% of the total GNB (35.0% for PT).
290  Additionally, the average extended-spectrum cephalosporins resistance or ESBL profile
291  reported from the literature for patient-related samples was 31.7% (21, 32, 38-40).

292  The results presented for hospital environment and equipment showed that the rest areas of
293  the healthcare workers, like the lunch and the sleeping rooms, were highly contaminated, also
294  including positive results for MDR bacteria. The number of isolated GNB found in these
295  areas were only smaller than those from the rectal swabs. Common work areas and hospital
296  medical equipment were also critical points of contamination, many many harbouring
297  carbapenems-resistant GNB. We identified five cases of healthcare workers contamination
298  with MDR GNB (four from hands e one from protective clothes), three of them resistant to

299  carbapenems.
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300 The only hospital unit that showed statistically different frequencies of HAI-related GNB was
301 GSU, with a low frequency of GNB. This result could be due to the fact that no patient
302 samples were collected in this unit and also because one of the surgical rooms was always
303  collected after its disinfection. Among the other hospital units we saw similar GNB rates,
304 indicating a systematic contamination in the hospital. Additionally, PT, HE and HCW
305 isolates did not show significant differences in the resistance profile, which suggests a
306  homogeneous spread of resistant GNB through the hospital.

307 ICU-B had the most concerning results for the antimicrobial profile of HAl-related GNB,
308  with the highest frequencies of MDR, carbapenem and extended-spectrum cephalosporins
309 resistance when compared to the others units. Rubio et al. (21) had also found a significant
310  difference between MDR GNB isolated from ICU patients and non-ICU patients. A possible
311  explanation for this results is that the ICU-B is an adult ICU that receives critically ill
312  patients, with longer length of stay, which exposes patients, healthcare workers and the
313  environment to an increased chance of contamination by multi-resistant bacteria. After the
314 ICU-B, IMW and ICU-A showed the highest carbapenems and extended-spectrum
315  cephalosporins resistance rates.

316  Enterobacteriaceae showed very similar resistance profiles among the three tested groups:
317 PT, HE and HCW. The profile identified reinforces the systematically spread of GNB
318  occurring in patients, healthcare workers and environment. Within the most important species
319 of the family, Escherichia coli presented a more susceptible antimicrobial profile and
320 Klebsiella pneumoniae and Enterobacter cloacae complex presented the the highest rates of
321 MDR and carbapenem resistance. The AST profile identified here for E. coli was very similar
322  to previous studies (32, 33). The AST for K. pneumoniae isolated from environment and
323 healthcare workers was very similar to the AST identified for Klebsiella spp. isolated from

324  patients in previous studies (32, 34). However, when we compare the AST results of K.
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325  pneumoniae isolated from patients in the present study we found higher resistance rates than
326  previous reports (32, 34). For E. cloacae complex we found a similar scenario: in the present
327  study the isolates from patients had higher resistance rates than reported in literature (32, 34).
328 It is important to emphasize that the study presented here includes GNB isolated from
329  patients with infection or colonization, as well as from the environment and healthcare
330  workers, which further draws attention to the higher resistance rates that were found.

331  The blasuv-iike Shows the highest frequencies of all resistance genes tested, reaching up 91.7%
332  for K. pneumoniae isolated from patients, and the frequencies found (in Enterobacteriaceae or
333  specific species) are in accordance with previous studies (41, 42, 43). The blacrx-m-1, blacTx-
334  wmgand blacrx-m-9 groups were the most frequents of the CTX-M family genes. These findings
335  were similar to several studies (42, 44). The blactx-m-2 was identified with lower frequencies
336 and only in E. coli, as previously reported (38, 45). However, other studies reported higher
337  blactx-m-2 frequencies in Enterobacteriaceae, with results ranging between 52.3% and 89.3%
338 (41, 42, 46). For the blakpc.iike We found a 6.4% frequency for Enterobacteriaceae and 33.3%
339  for K. pneumoniae isolated from patients, in accordance with previous studies (38, 47-50).
340 In Acinetobacter spp. we found an antimicrobial profile significantly more resistant in
341  patients than in hospital settings and healthcare workers.

342  The blapxa-23-ike detection in A. baumannii complex isolated from patients followed the rate
343  of carbapenem resistance, actually they were the same (92.3%), which shows the importance
344  of this carbapenemase gene for this species. The carbapenem resistance studies with
345  Acinetobacter spp. isolated from patients ranged between 30.0% and 91.2% (30, 31, 34-36),
346  while blapxa-2s-iike frequencies are reported from 41.7% to 100% (51, 52). The absence of
347  blaoxasiike In some A. baumannii complex isolates, that includes A. baumannii, A.
348 calcoaceticus, A. pittii and A. nosocomialis species (53), allowed us to show the correct

349  species identification of 22 non-baumannii isolates by V3/V4 16S rRNA sequencing. A study
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350 conducted by Vasconcelos et al. (54) reported the absence of blapxa-si-like IN NON-baumannii
351 isolates, while Teixeira et al. (55) reported a frequency of 41.7% for non-baumannii. We did
352 not find the blapxa-143-ike gene and the studies report absence (54), low (56) and high
353  frequencies for this carbapenemase gene (52). Some other studies show null or low
354  prevalences of blapxa-ss-iike (31, 57) and blapxa-72-iike (54, 58), while they were not identified
355 in the present study.

356 The AST profile for Pseudomonas aeruginosa isolated from patients identified here was
357  similar to previous reported by Jones et al. (32), while Gales et al. (34) found a higher
358  resistance rate for all the tested antibiotics. However, in both studies we see higher
359  carbapenems resistance rates, that ranged from 38.4% to 46.7%. In the present study we
360 identified the resistance to meropenem was found in 21.1% and to imipenem in 26.3% of the
361 P. aeruginosa isolated from patients.

362 In P. aeruginosa, we highlight the presence of blaspm-iike gene (15.8% for isolates from
363  patients) which highly accounted to define the phenotypic MDR profile. Previous studies
364  with P. aeruginosa reported blaspm-iike frequencies close to 6.0% (33, 36), while studies with
365 P. aeruginosa with a MDR or carbapenem resistant profile reported higher and more variable
366  frequencies, ranging from 17.8% to 64.1% (59, 60).

367  Despite the report of several cases of blanpm-iike In Brazil in different GNB species (31, 61),
368  the present study did not identify this carbapenemase gene, which can be explained by its low
369 incidence in the country, 0.97% in Enterobacteriaceae according to Rozales et al. (62). The
370  blajmp-iike and blayim-iike Mmetalo-beta-lactamases (MBL) genes and blages.iike Carbapenemase
371  gene were also not found in the present surveillance program, however others Brazilian
372  studies found low frequencies of these genes in P. aeruginosa and A. baumannii (33, 36, 43,
373  59).

374 It is important to point out that all studies cited were carried out with GNB isolated from


https://doi.org/10.1101/425330

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

16

375  patients and the identification of the resistance genes were restricted in most of the cases to
376  resistant GNB (ESBL, MBL or carbapenem resistant, for example), becoming an important
377  Dbias for the comparative analysis.

378  There were two interesting cases of patients showing contaminated by GNB in the three
379 isolation sites (hands, nasal and rectal swabs). One of them was a case involving P.
380 aeruginosa that occurred to an ICU patient and the other was a IMW patient, colonized by K.
381  pneumoniae. In both cases the GNB was present in the three isolation sites and had the same
382 MDR, carbapenem and extended-spectrum cephalosporins resistant profile. These findings
383 help to demonstrate the importance of hygiene practices and patients surveillance, with
384  special attention to the barrier-breaking events, since the contamination of isolation sites like
385  the hands, facilitates the contamination of bed equipments and healthcare workers with MDR
386  GNB, as well as could difficult the patient treatment, once a recolonization event can occur.
387  For our knowledge, this is the first extensive study for the screening and antimicrobial
388  resistance profile characterization of the HAIl-related GNB in a hospital that sought the
389  correlation among patients, environment and healthcare workers. This study helped to
390 understand more about resistant HAI-related GNB circulating in a hospital and reveals that
391 spread of HAI-related GNB within the hospital environment is higher than predicted,
392 indicating that healthcare workers, hospital areas and equipment are key factors on MDR
393  gram-negative bacteria dissemination. An active surveillance program can be a powerful tool
394  for the understanding and control of HAI, however, it is important to point out that the
395  biggest challenge to be faced with the implementation of an active surveillance program is
396 that it requires a formal leadership and a committed team to use well all their potential
397  results.
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Figures legends

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.

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

hospital environment/equipment (HE) and healthcare workers (HCW) (N = 310).
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618 A: Total abundance. B: Abundance of multidrug-resistant (MDR) bacteria. C: Abundance of
619 extended-spectrum cephalosporins resistant (ESC-R) bacteria. D: Abundance of carbapenem

620 resistant (CARB-R) bacteria. * p=0.036.
621

622 Figure 3. Abundance of Gram negative bacteria according to resistant profile in the six
623 hospital units - Surgical Ward (SUW), Internal Medicine Ward (IMW), General Surgery Unit

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

625 A: Total abundance. B: Abundance of multidrug-resistant (MDR) bacteria. C: Abundance of
626 extended-spectrum cephalosporins resistant (ESC-R) bacteria. D: Abundance of carbapenem

627 resistant (CARB-R) bacteria. * p<0.05.
628

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

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

631 A: Total abundance. B: Abundance of multidrug-resistant (MDR) bacteria. C: Abundance of
632 extended-spectrum cephalosporins resistant (ESC-R) bacteria. D: Abundance of carbapenem

633 resistant (CARB-R) bacteria.
634

635 Figure 5. Proportion of multidrug-resistant (MDR), extended-spectrum cephalosporins
636 resistant (ESC-R) and carbapenem resistant (CARB-R) bacteria in patients (PT), hospital

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

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

639 for Pseudomonas spp. *p<0,0001.
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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). Enterobacteriaceae with AST = 220. "Klebsiella pneumoniae with
AST = 55. “Enterobacter cloacae complex with AST = 49. “Escherichia coli with AST = 57.
®Acinetobacter spp. with AST = 52. 'Acinetobacter baumannii complex with AST = 49.

9pseudomonas spp. with AST = 34. "Pseudomonas aeruginosa with AST = 25.
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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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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). “Enterobacteriaceae with AST = 220. "Klebsiella
pneumoniae with AST = 55. “Enterobacter cloacae complex with AST = 49, dEscherichia coli with AST = 57. “Acinetobacter spp. with AST = 52. "dcinetobacter baumannii

complex with AST = 49. £Pseudomonas spp. with AST = 34. "Pseudomonas aeruginosa with AST = 25.
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