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Background: Recent studies reported seasonality in healthcare-associated infections
(HCAI). The association of this phenomenon with other risk factors for HCAI is not clear.
Aim: To analyse the interplay of season, weather and usual predictors of healthcare-
associated bloodstream infections caused by Gram-negative bacilli (GNB-BSI).
Methods: A case-only study was conducted in a teaching hospital in Brazil. The study
enrolled 446 subjects with GNB-BSI diagnosed from July 2012 to June 2016. Demographic
data, comorbidities, invasive procedures and use of antimicrobials were reviewed in
medical charts. The season in which GNB-BSI occurred, and weather parameters on the
day of diagnosis were recorded. Factors associated with occurrence of GNB-BSI in different
seasons (reference category: winter) and caused by different GNB (reference category:
Escherichia coli) were analysed. Uni- and multi-variable models of multi-nomial logistic
regression were used for analysis.
Findings: GNB-BSI diagnosed in summer was more likely to be caused by Klebsiella spp.
[odds ratio (OR) 5.33; 95% confidence interval (CI) 2.04e13.96] or Acinetobacter bau-
mannii (OR 2.69; 95% CI 1.04e6.96), and there was an association between Klebsiella spp.
and spring (OR 2.86; 95% CI 1.14e7.18). Average temperature on the day of diagnosis was
associated with Klebsiella spp. (OR 1.19; 95% CI 1.07e1.33) and A. baumannii (OR 1.20;
95% CI 1.07e1.34).
Conclusion: Warm seasons and daily temperature impact on the aetiology of GNB-BSI,
even in models adjusted for usual risk factors. One possible explanation for these find-
ings is that seasonality of healthcare-associated pathogens is intrinsic to micro-organisms,
and not associated with comorbidities, procedures or use of antimicrobials.
ª 2018 The Healthcare Infection Society. Published by Elsevier Ltd. All rights reserved.
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Introduction

Seasonality of healthcare-associated infections (HCAI)
caused by Gram-negative bacilli (GNB) has been reported
recently [1]. It is usually characterized by ‘summer peaks’ in
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Table I

Meteorological data from the days of diagnosis of Gram-negative
healthcare-associated bloodstream infections

Parameter/pathogen Average SD P-value

Temperature (�C)
Overall parameter 20.73 3.43
Total GNB 21.23 3.28 0.01

Escherichia coli 20.24 3.43 0.22
Enterobacter spp. 20.77 3.08 0.94
Klebsiella spp. 21.50 3.37 0.04

Pseudomonas aeruginosa 21.11 3.11 0.40
Acinetobacter baumannii 21.92 3.12 <0.001

Relative humidity (%)
Overall parameter 73.87 14.00
Total GNB 73.91 13.77 0.96
Escherichia coli 73.74 12.48 0.94
Enterobacter spp. 72.99 14.72 0.62
Klebsiella spp. 75.89 14.61 0.10
Pseudomonas aeruginosa 74.35 13.70 0.79
Acinetobacter baumannii 72.13 13.03 0.20

Rainfall (mm)
Overall parameter 4.12 11.03
Total GNB 4.49 11.44 0.54
Escherichia coli 3.79 10.75 0.80
Enterobacter spp. 3.30 7.81 0.55
Klebsiella spp. 5.44 14.27 0.21
Pseudomonas aeruginosa 6.26 13.01 0.13
Acinetobacter baumannii 4.54 10.63 0.69

GNB, Gram-negative bacilli; SD, standard deviation.
Note: groups were compared with the overall parameter (average
values for all days in the whole study period) using Student’s t-test.
Significant results (P < 0.05) are presented in bold type.
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incidence [2e5] or association with environmental tempera-
ture [6,7]. Coincidentally, a multi-centre study reported
increased incidence of GNB bloodstream infections (GNB-BSI)
in hospitals located closer to the Equator [8].

Factors underlying this phenomenon have not been eluci-
dated. Increased environmental reservoirs (inside or outside
healthcare settings), understaffing associated with summer
holidays, and expression of virulence factors in GNB have been
suggested as contributing causes [1,9]. Ecological studies
[3,6,7], although valuable for identifying seasonality, have not
contributed to reinforcing either of these hypotheses.

Seasonality in the incidence of healthcare-associated
pathogens could reflect seasonal variations in their epidemio-
logical determinants. For some years, traditional risk factors
for healthcare-associated GNB (especially those that are multi-
drug-resistant) have been described repeatedly [10]. They
include severity of illness, comorbidities, time of exposure to
health care (‘time at risk’), invasive procedures and use of
antimicrobials [11,12]. It is therefore worth investigating if
those factors vary between seasons, thus contributing to
seasonality.

This was the rationale of this study. Briefly, an observa-
tional, individual-based study was conducted to identify the
interplay of season, weather and usual predictors of
healthcare-associated GNB-BSI.

Methods

Setting

This study was conducted in a 450-bed teaching hospital in
Botucatu, São Paulo State, Brazil. The hospital is a centre for
tertiary care for several cities in an area comprising one million
inhabitants [7].

Study design

A case-only study was conducted, enrolling subjects with
healthcare-associated GNB-BSI diagnosed from July 2012 to
June 2016.

Inclusion criteria

All adult patients (aged �18 years) admitted to the hospital
who acquired healthcare-associated GNB-BSI caused by
Escherichia coli, Enterobacter spp., Klebsiella spp., Pseudo-
monas aeruginosa or Acinetobacter baumannii during the study
period were included in this study. The diagnosis of healthcare-
associated GNB-BSI required that positive blood cultures were
collected after three days of admission (‘three-midnight rule’),
according to the recommendations of the Society for Health-
care Epidemiology of America [13]. All patients who presented
with infection upon admission were excluded. Finally, for
subjects who presented more than one GNB in successive blood
cultures, only the first culture result was recorded.

Data collection

Data were collected in medical charts and laboratory files.
Demographic data and comorbidities, including the Charlson
Comorbidity Index, were recorded [14]. Other data were
collected for ‘time at risk’, counted from admission until the
day of diagnosis of GNB-BSI (i.e. the day of collection of the
first blood culture positive for the GNB of interest). These data
included admission to an intensive care unit (ICU); invasive
procedures and devices; use of steroids, antineoplastic and
other immunosuppressing drugs; and use of antimicrobials.

Data were complemented by: (a) season in which cases were
diagnosed; and (b) average temperature (in degrees Celsius),
average relative humidity and rainfall on the day of diagnosis of
each GNB-BSI. These data were collected at a nearby meteo-
rological station (Faculty of Agronomical Sciences, Botucatu,
Brazil).

Statistical analysis

Two analyses were performed. The first analysis compared
GNB-BSI diagnosed in different seasons. Cases diagnosed in
winter were used as the reference category. Models of polyt-
omous (multi-nomial) logistic regression were used for both
uni- and multi-variable analysis [15]. In the multi-variable step,
a stepwise forward strategy was used, using criteria of P< 0.05
and P > 0.1 for insertion and removal of variables [16]. How-
ever, according to recommendations from the Infectious Dis-
eases Society of America [17], ‘time at risk’ and the Charlson
Comorbidity Index were included in all models.

The second analysis compared GNB-BSI caused by different
GNB, using E. coli as the reference category. The analysis was



Table II

Descriptive results and univariate analysis (multi-nomial logistic regression) of factors associated with acquisition of healthcare-associated
Gram-negative bloodstream infections in different seasons

Factors Winter (87)

N (%)

Spring (129)

N (%)

Summer (122)

N (%)

Autumn (108)

N (%)

Micro-organisms
Escherichia coli (reference) 20 (23.0) 20 (15.5) 14 (11.5) 21 (19.4)
Enterobacter spp. 15 (23.1) 20 (15.5) 16 (13.1) 14 (13.0)
Klebsiella spp. 16 (18.4) 34 (26.4) 44 (36.1)b 32 (29.6)
Pseudomonas aeruginosa 15 (17.2) 24 (18.6) 16 (13.1) 9 (8.3)
Acinetobacter baumannii 21 (24.1) 31 (24.0) 32 (26.2) 32 (29.6)

Demographic data
Female sex 38 (43.7) 59 (45.7) 54 (44.3) 40 (37.0)
Age, years, median (quartiles)* 60 (50e74) 57 (50e71) 64 (51e74) 63 (53e73)

Comorbidities
Heart disease 20 (23.0) 46 (35.7)a 33 (27.0) 30 (30.6)
Lung disease 12 (13.8) 18 (14.0) 18 (14.8) 13 (12.0)
Renal disease 18 (20.7) 32 (24.8) 26 (21.3) 32 (29.6)
Liver disease 10 (11.5) 15 (11.6) 13 (10.7) 8 (7.4)
Diabetes mellitus 22 (25.3) 37 (28.7) 33 (27.0) 32 (29.6)
Central nervous system disease 22 (25.3) 28 (21.7) 36 (29.5) 25 (23.1)
Solid malignancy 18 (20.7) 20 (15.5) 21 (17.2) 21 (19.4)
Lymphoma/leukaemia 2 (2.3) 10 (7.8) 11 (9.0) 5 (4.6)
AIDS 0 (0.0) 5 (3.8) 6 (4.9) 3 (2.8)
Trauma 6 (6.9) 10 (7.8) 11 (9.0) 5 (4.6)
Charlson Comorbidity Index, median (quartiles)* 2 (1e4) 3 (1e4) 2 (1e4) 3 (1e5)

Admission data
Time at risk, days, median (quartiles)* 13 (8e85) 12 (7e22) 13 (8e23) 16 (9e23)
Admission to ICU 42 (51.2) 66 (51.6) 48 (40.7) 53 (51.5)
Surgery 57 (65.5) 62 (48.1)a 62 (50.8)a 56 (51.9)
Placement of drains 33 (37.9) 36 (27.9) 33 (27.0) 30 (27.8)
Haemodialysis 12 (13.8) 22 (17.1) 16 (13.1) 18 (16.7)
Urinary catheter 69 (79.3) 88 (68.2) 84 (68.9) 79 (73.1)
Mechanical ventilation 42 (48.3) 56 (43.4) 49 (40.2) 52 (48.1)
Central venous catheter 64 (73.6) 91 (70.5) 83 (68.0) 69 (63.9)
Parenteral nutrition 8 (9.2) 11 (8.5) 8 (6.6) 7 (6.5)
Nasoenteral tube 59 (67.8) 72 (55.8) 64 (52.5)a 67 (62.0)
Use of steroids 21 (24.5) 39 (30.2) 37 (30.3) 34 (31.5)
Use of antineoplastic drugs 3 (3.4) 9 (7.0) 14 (11.4)a 16 (14.8)a

Use of other immunosuppressing drugs 8 (9.2) 10 (7.8) 8 (6.6) 5 (4.6)
Neutropenia 2 (2.3) 12 (9.3) 12 (9.8)a 8 (7.4)
Pressure ulcer 20 (23.0) 24 (18.6) 31 (25.4) 42 (38.9)a

Use of antimicrobials
Penicillins 2 (2.3) 7 (5.4) 3 (3.3) 4 (3.7)
Penicillins plus beta-lactamase inhibitors 25 (28.7) 40 (31.0) 37 (30.3) 35 (32.4)
Cephalosporins, first/second generation 31 (35.6) 24 (18.6)b 29 (23.8) 14 (13.0)b

Cephalosporins, third/fourth generation 20 (23.0) 28 (21.7) 31 (25.4) 35 (32.4)
Carbapenems 25 (28.7) 32 (24.8) 32 (26.2) 36 (33.3)
Polymyxins 12 (13.8) 8 (6.2) 8 (6.6) 11 (10.2)
Quinolones 15 (17.2) 22 (17.1) 27 (22.1) 26 (24.1)
Vancomycin 24 (27.6) 32 (24.8) 28 (23.0) 34 (31.5)
Linezolid 6 (6.9) 1 (0.8)a 1 (0.8)a 2 (1.9)
Macrolides 11 (12.6) 12 (9.3) 11 (9.0) 9 (8.3)
Anti-anaerobic drugs 16 (18.4) 23 (17.8) 22 (18.0) 23 (21.3)
Trimethoprim/sulfamethoxazole 4 (4.6) 8 (6.2) 8 (7.4) 10 (8.2)
Number of antimicrobials used, median (quartiles)* 2 (1e4) 1 (0e3) 2 (1e3) 2 (1e4)

Healthcare-associated infections
Central-line-associated bloodstream infection 64 (73.6) 91 (70.5) 83 (68.0) 69 (63.9)
Catheter-associated urinary tract infection 27 (31.0) 33 (25.8) 37 (30.3) 32 (39.8)
Pneumonia (non-ventilator-associated) 11 (12.6) 21 (16.3) 16 (13.1) 12 (11.1)
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Table II (continued )

Factors Winter (87)

N (%)

Spring (129)

N (%)

Summer (122)

N (%)

Autumn (108)

N (%)

Pneumonia (ventilator-associated) 19 (21.8) 18 (14.0) 27 (22.1) 22 (21.3)
Surgical site infection 9 (10.3) 13 (10.1) 12 (9.8) 11 (10.2)
Infection of skin/soft tissues 8 (9.2) 5 (3.9) 7 (5.7) 6 (5.6)
Other healthcare-associated infections 6 (6.9) 9 (7.0) 11 (9.0) 6 (5.6)
Two or more healthcare-associated infections 38 (43.7) 50 (38.8) 44 (36.1) 44 (49.7)

Data from the reference category are presented in italics.
AIDS, acquired immunodeficiency syndrome (defined as a positive test for human immunodeficiency virus plus an opportunistic infection and/or a
CD4þ lymphocyte count below 200); ICU, intensive care unit; anti-anaerobic drugs, clindamycin and metronidazole.
Note: results are presented as N (%) except for variables marked with * (presented as median [quartiles]). Winter is the reference category for
comparisons. Significant differences are presented in bold type. aP < 0.05; bP < 0.01.
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generally similar, except that weather parameters (tempera-
ture, humidity and rainfall) were included among the study
variables in this phase. Both analyses were performed using
SPSS Version 20 (IBM Corp., Armonk, NY, USA).

Ethical issues

This study was approved by the local committee for ethics in
research.

Results

This study enrolled 446 subjects with GNB-BSI caused by the
following micro-organisms: E. coli, 75; Enterobacter spp., 65;
Klebsiella spp., 126; P. aeruginosa, 64; and A. baumannii, 116.
Central-line-associated BSI (CLABSI) accounted for 68.8% of
cases. Overall, cases were more frequent in summer (27.4%)
and spring (28.9%) than in winter (19.5%) and autumn (24.2%)
(P ¼ 0.01). Table I presents a description of meteorological
data from the days of collection of positive blood cultures, with
reference to overall parameters.

Uni- and multi-variable analyses of factors associated with
diagnosis of GNB-BSI in different seasons are presented in
Tables II and III. In multi-variable analysis, Klebsiella spp. and
A. baumanniiwere found to be more likely to be involved in the
aetiology of GNB-BSI during summer. There was also an asso-
ciation between Klebsiella spp. and spring. Finally, minor as-
sociations of seasons with other variables were identified, such
as neutropenia (less likely to occur in winter) and the use of
linezolid or first-/second-generation cephalosporins (greater
during winter).

When, in turn, uni- and multi-variable models were used to
analyse predictors of different pathogens (Tables IV, V and VI),
higher average temperature on the day of diagnosis was found
to be associated with Klebsiella spp. and A. baumannii. Other
relevant associations with statistical significance (P < 0.05)
included: greater relative humidity and Klebsiella spp.;
admission to ICU and all pathogens (in comparison with E. coli);
and use of carbapenems and A. baumannii.

Discussion

Seasonality of infectious diseases is a complex phenomenon,
the determinants of which are not fully understood [18]. The
impact of season and climate on parasiteehost systems is
relatively easy to understand for vector-borne diseases, but
not as clear for human-to-human transmission, or for
acquisition of pathogens from endogenous or environmental
sources (such as occurs in HCAI) [19]. Even so, understanding
the mechanisms and pattern of seasonality may provide clues
regarding how and when control measures should be applied.
An example is the promotion of yearly influenza vaccine cam-
paigns during autumn [20]. Seasonality of HCAI should not be
interpreted as a mere curiosity, but should point to opportu-
nities for prevention and control. This is particularly relevant
considering that working processes (e.g. surgical activity,
admission of new trainees in teaching hospitals) in healthcare
settings may present seasonal variations.

Given previous evidence of seasonality of GNB-BSI, this
study focused on identifying variations of risk factors and
aetiologic agents between seasons. Risk factors presented a
rather stable pattern of occurrence through the year. Minor
differences, such as greater use of cephalosporins in winter,
might reflect seasonal variation in the intensity of surgical
activities in the hospital, as these antimicrobials are often used
for surgical prophylaxis. Others (e.g. neutropenia is more
common in warm months) are puzzling, although greater use of
linezolid during winter might be an indirect marker of sea-
sonality of infections caused by vancomycin-resistant entero-
cocci. This finding requires further investigation.

The ‘summer peaks’ of Klebsiella spp. and A. baumannii
were consistent. This is consistent with previous reports [4,7].
These micro-organisms were also associated with greater
environmental temperature, a finding that has been reported
previously [21]. Interestingly, these associations persisted even
after adjustment for specific risk factors for these micro-
organisms, such as admission to ICU and use of carbapenems.
In this respect, it is worth noting that even when the analysis
was restricted to patients admitted to ICUs (which were units
with climate control), the association of the outside temper-
ature with Klebsiella spp. [odds ratio (OR) 1.31; 95% confidence
interval (CI) 1.09e1.57; P ¼ 0.004] and A. baumannii (OR 1.36;
95% CI 1.13e1.63; P ¼ .001) persisted. Similar results were
found when CLABSI cases alone were included in the multi-
variable models.

This phenomenon also impacted on overall antimicrobial
resistance in GNB-BSI. Using imipenem as a marker of overall
resistance, the proportion of resistant isolates for different
pathogens in this studywas:A. baumannii, 81.9%; P. aeruginosa,
23.4%; Klebsiella spp., 13.6%; Enterobacter spp., 3.1%; and
E. coli, 1.4%. Thus, for instance, the predominance of
A. baumannii in summer and/or on warmer days was associated
with an increase in imipenem resistance, with implications for
therapy and outcome of affected patients [22]. It is worth noting



Table III

Final multi-variable model of multi-nomial logistic regression for acquisition of healthcare-associated Gram-negative bloodstream in-
fections in different seasons

Factors OR (95% CI)

Spring Summer Autumn

Micro-organisms
Escherichia coli (reference)
Enterobacter spp. 1.78 (0.68e4.71) 2.09 (0.73e5.89) 0.89 (0.31e2.54)
Klebsiella spp. 2.86 (1.14e7.18)a 5.33 (2.04e13.96)b 2.17 (0.85e5.52)
Pseudomonas aeruginosa 2.35 (0.88e6.26) 2.22 (0.77e6.43) 0.63 (0.20e1.94)
Acinetobacter baumannii 1.89 (0.77e4.62) 2.69 (1.04e6.96)a 1.32 (0.53e3.30)

Other factors
Charlson Comorbidity Index 1.05 (0.92e1.19) 1.03 (0.91e1.18) 1.07 (0.94e1.22)
Time at risk 0.99 (0.97e1.01) 0.99 (0.97e1.01) 0.99 (0.97e1.01)
Neutropenia 6.40 (1.12e36.55)a 7.93 (1.34e45.63)a 4.39 (0.74e25.97)
Pressure ulcer 0.95 (0.43e2.13) 1.49 (0.68e3.28) 2.81 (1.28e6.16)a

Use of cephalosporins, first/second generation 0.43 (0.22e0.83)a 0.66 (0.34e1.25) 0.29 (0.13e0.62)b

Use of linezolid 0.06 (0.01e0.66)a 0.06 (0.01e0.61)a 0.13 (0.02e0.85)a

OR, odds ratio; CI, confidence interval.
Note: winter is the reference category. Significant results are presented in bold type. aP < 0.05; bP < 0.01.
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that temperature on the day of diagnosis was significantly
associated with overall imipenem resistance on logistic regres-
sion (Table VII).

Two aspects from this study must be emphasized. First, it
was conducted in a hospital located in a tropical area. This is
interesting as most studies on seasonality of HCAI and GNB have
been conducted in countries with temperate climates [1]. In
the tropics, variations in weather (temperature, humidity)
between different seasons are tenuous compared with those
observed in temperate areas. Summer is warm and rainy, while
a moderate decrease in temperature and humidity occurs
during winter. While climate has been shown to be a relevant
factor in the incidence of GNB-BSI [8], the association of
warmer seasons and higher temperatures with specific GNB
seems to be valid for most latitudes.

A second aspect concerns the overall patterns of
demography, comorbidities and procedures among study
subjects. They were fairly old (median age 62 years), with
several comorbidities (median Charlson Comorbidity Index
3). Almost half of the patients (48.6%) were admitted to an
ICU, 39.5% acquired HCAI in two or more sites, and most had
invasive devices placed. Finally, 49.8% of patients died
during admission. These are common characteristics of GNB-
BSI [23]. Traditional risk factors for GNB-BSI were present at
Table IV

Results of univariate analysis of meteorological factors associated with
infections caused by different micro-organisms

Meteorological factors Escherichia

coli (75)

Enterobacter

spp. (65)

Temperature, �C,
median (quartiles)

20.7 (17.6e22.4) 20.7 (19.1e22.9)

Humidity, %,
median (quartiles)

75.2 (65.3e81.8) 75.3 (63.7e82.7)

Rainfall, mm,
median (quartiles)

0.0 (0.0e0.0) 0.0 (0.0e1.4)

Data from the reference category are presented in italics.
Note: significant results are presented in bold type. aP < 0.01.
similar rates during different seasons. One hypothesis to
explain seasonality in the absence of variations in risk fac-
tors is that intrinsic properties of micro-organisms (either
invasiveness or the ability to survive in environmental res-
ervoirs), rather than changes in healthcare processes, un-
derlie seasonality.

This study had a few limitations. First, it was undertaken at
a single centre, and subjects were selected over a relatively
small time period. The impact of ‘summer understaffing’ on
the incidence of GNB-BSI was not assessed [1,9]. Seasonal
changes in patient or staff behaviour were also not assessed.
The study design did not allow the possibility of ecological
competition between different micro-organisms in the hospital
setting to be taken into accounte a phenomenon that has been
reported [24]. Finally, the temperature and humidity on the
day of diagnosis were used, while the impact of weather on the
acquisition of GNB-BSI might have occurred on previous days.
While conducting this study, the authors faced the dilemma of
using the temperature on the day of diagnosis, or a moving
average of temperature over three or seven previous days.
However, the incubation period for HCAI is not clear. There-
fore, and based on the fact that temperature on the day of
diagnosis is likely to be similar to that on previous days, the
latter was chosen. Of note, a recent study found similar results
acquisition of healthcare-associated Gram-negative bloodstream

Klebsiella spp.

(126)

Pseudomonas

aeruginosa (64)

Acinetobacter

baumannii (116)

21.5 (19.3e23.8)a 21.6 (19.1e23.3) 22.0 (20.0e24.0)a

76.9 (68.3e87.4) 74.8 (65.9e82.5) 75.0 (66.5e80.9)

0.0 (0.0e4.73) 0.0 (0.0e8.97) 0.0 (0.0e4.9)



Table V

Descriptive results and univariate analysis (multi-nomial logistic regression) of factors associated with acquisition of healthcare-associated
Gram-negative bloodstream infections caused by different micro-organisms

Factors Escherichia coli

(75)

N (%)

Enterobacter

spp. (65)

N (%)

Klebsiella spp.

(126)

N (%)

Pseudomonas

aeruginosa (64)

N (%)

Acinetobacter

baumannii (116)

N (%)

Season
Winter (reference) 20 (26.7) 15 (23.1) 16 (12.7) 15 (23.4) 21 (18.1)
Spring 20 (256.7) 20 (30.8) 34 (27.0) 24 (37.5) 31 (26.7)
Summer 14 (18.7) 16 (24.6) 44 (34.9)b 16 (25.0) 32 (27.6)
Autumn 21 (28.0) 14 (21.5) 32 (25.4) 9 (14.1) 32 (27.6)

Demographic data
Female sex 32 (42.7) 27 (41.5) 54 (42.9) 27 (42.2) 51 (44.0)
Age, years, median (quartiles) 64 (54e74) 62 (52e74) 63 (50e74) 59 (47e74) 62 (47e72)

Comorbidities
Heart disease 22 (29.3) 21 (32.3) 36 (28.6) 19 (29.7) 34 (29.3)
Lung disease 10 (13.3) 8 (12.3) 21 (16.7) 9 (14.1) 13 (11.2)
Renal disease 9 (12.0) 19 (29.2)a 37 (29.4)b 11 (17.2) 32 (27.6)a

Liver disease 14 (18.7) 5 (7.7) 14 (11.1) 5 (7.8) 8 (6.9)a

Diabetes mellitus 22 (29.3) 15 (23.1) 34 (27.0) 14 (2.19) 39 (33.6)
Central nervous system disease 16 (21.3) 17 (26.2) 25 (19.8) 21 (23.8) 32 (27.6)
Solid malignancy 22 (29.3) 12 (18.5) 25 (19.8) 8 (12.5) 13 (11.2)
Lymphoma/leukaemia 3 (4.0) 2 (3.1) 7 (5.6) 4 (6.2) 12 (10.3)
AIDS 4 (5.3) 1 (1.5) 2 (1.6) 4 (6.2) 3 (2.6)
Trauma 4 (5.3) 5 (7.7) 4 (3.2) 4 (6.2) 16 (13.8)
Charlson Comorbidity Index, median
(quartiles)

3 (1e6) 2 (1e4)a 3 (1e4) 2 (1e4) 3 (1e4)

Admission data
Time at risk, days, median (quartiles) 10 (6e16) 13 (8e27)b 15 (8e25)b 16 (8e29)c 14 (9e23)b

Admission to ICU 19 (26.4) 26 (41.3) 54 (44.6)a 42 (66.7)c 68 (60.7)c

Surgery 36 (48.0) 41 (63.1) 59 (46.8) 40 (62.5) 61 (52.7)
Placement of drains 20 (60.7) 21 (32.3) 37 (29.4) 22 (34.4) 32 (26.7)
Haemodialysis 4 (5.3) 8 (12.3) 28 (22.2)b 7 (10.9) 21 (18.5)a

Urinary catheter 47 (62.7) 39 (60.0) 84 (66.7) 48 (75.0) 102 (87.9)c

Mechanical ventilation 21 (28.0) 23 (35.4) 45 (35.7) 38 (59.4)c 72 (62.1)c

Central venous cateter 39 (52.0) 50 (76.9)b 85 (67.5) 48 (75.0)b 85 (73.3)b

Parenteral nutrition 5 (6.7) 7 (10.8) 11 (8.7) 4 (6.3) 7 (6.0)
Nasoenteral tube 31 (41.3) 32 (49.2) 67 (53.2) 48 (75.0)c 84 (72.4)c

Use of steroids 12 (16.0) 14 (21.8) 44 (34.9)b 25 (39.1)b 36 (31.0)a

Use of antineoplastic drugs 9 (12.0) 5 (7.7) 15 (11.9) 4 (6.2) 9 (7.8)
Use of other immunosuppressing drugs 1 (1.3) 3 (4.6) 17 (13.5)a 6 (9.4) 4 (3.4)
Neutropenia 8 (10.7) 2 (3.1) 8 (6.3) 4 (6.2) 12 (10.3)
Pressure ulcer 8 (10.7) 15 (23.1) 27 (21.4) 23 (35.9)b 44 (37.9)c

Use of antimicrobials
Penicillins 2 (2.7) 0 (0.0) 6 (4.8) 2 (3.1) 7 (6.0)
Penicillins plus beta-lactamase
inhibitors

12 (16.0) 19 (29.2) 33 (26.2) 26 (40.6)b 47 (40.5)b

Cephalosporins, first/second
generation

16 (21.3) 20 (30.8) 24 (19.0) 19 (29.7) 19 (16.4)

Cephalosporins, third/fourth
generation

12 (16.0) 10 (8.8) 31 (24.6) 15 (23.4) 46 (39.7)b

Carbapenems 4 (5.3) 12 (18.5)a 31 (24.6)b 21 (32.8)c 57 (49.1)c

Polymyxins 2 (2.7) 7 (10.8) 7 (5.6) 10 (15.6)a 13 (11.8)a

Quinolones 18 (24.0) 6 (9.2)a 227 (21.4) 9 (14.1) 30 (25.9)
Vancomycin 7 (9.3) 11 (16.9) 26 (20.6)a 21 (32.8)b 53 (45.7)c

Linezolid 0 (0.0) 0 (0.0) 1 (0.8) 4 (6.2) 5 (4.3)
Macrolides 5 (6.7) 6 (9.2) 8 (6.3) 6 (9.4) 18 (15.5)
Anti-anaerobic drugs 15 (20.0) 8 (12.3) 17 (13.5) 9 (14.1) 35 (30.2)
Trimethoprim/sulfamethoxazole 6 (8.0) 1 (1.1) 9 (7.1) 4 (6.2) 10 (8.6)
Number of antimicrobials used, median
(quartiles)*

1 (0e2) 1 (0e2) 2 (0e3) 2 (1e4)b 3 (2e5)c

(continued on next page)
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Table V (continued )

Factors Escherichia coli

(75)

N (%)

Enterobacter

spp. (65)

N (%)

Klebsiella spp.

(126)

N (%)

Pseudomonas

aeruginosa (64)

N (%)

Acinetobacter

baumannii (116)

N (%)

Healthcare-associated infections
Central-line-associated bloodstream
infection

39 (52.0) 50 (76.9)b 85 (67.5)a 48 (75.0)b 85 (73.3)b

Catheter-associated urinary tract
infection

23 (30.7) 17 (26.2) 45 (35.7) 25 (39.1) 30 (25.9)

Pneumonia (non-ventilator-
associated)

9 (12.0) 6 (9.2) 13 (10.3) 11 (17.2) 21 (18.1)

Pneumonia (ventilator-associated) 5 (6.7) 13 (20.0)a 21 (16.7)a 16 (25.0)b 32 (27.6)b

Surgical site infection 5 (6.7) 8 (12.3) 11 (8.7) 9 (14.1) 12 (10.3)
Infection of skin/soft tissues 2 (2.7) 6 (9.2) 5 (4.0) 3 (4.7) 10 (8.6)
Other healthcare-associated infections 13 (17.3) 2 (3.1)a 11 (8.7) 0 (0.0)b 6 (5.2)b

Two or more healthcare-associated
infections

16 (21.3) 26 (40.0)a 42 (33.3) 33 (51.6)b 59 (50.9)b

Data from the reference category are presented in italics.
AIDS, acquired immunodeficiency syndrome (defined as a positive test for human immunodeficiency virus plus an opportunistic infection and/or a
CD4þ lymphocyte count below 200); ICU, intensive care unit; anti-anaerobic drugs, clindamycin and metronidazole.
Note: results are presented as N (%) except for variables marked with * (presented as median [quartiles]). Winter is the reference category for
comparisons. Significant differences are presented in bold type. aP < 0.05; bP < 0.01; c P < 0.001.

Table VI

Final multi-variable model of multi-nomial logistic regression for acquisition of healthcare-associated Gram-negative bloodstream in-
fections caused by different micro-organisms

Factors OR (95% CI)

Enterobacter spp. Klebsiella spp. Pseudomonas aeruginosa Acinetobacter baumannii

Meteorology
Temperature (�C) 1.01 (0.90e1.14) 1.19 (1.07e1.33)b 1.10 (0.97e1.25) 1.20 (1.07e1.34)b

Relative humidity (%) 1.00 (0.97e1.03) 1.04 (1.01e1.07)b 1.02 (0.99e1.05) 1.02 (0.99e1.05)
Other factors

Renal disease 3.98 (1.43e11.08)b 2.09 (0.81e5.39) 1.05 (0.33e3.37) 2.85 (1.09e7.47)a

Charlson Comorbidity Index 0.78 (0.67e0.92)b 0.91 (0.80e1.04) 0.91 (0.78e1.05) 0.93 (0.81e1.06)
Time at risk 1.05 (1.01e1.09)b 1.04 (1.01e1.07)a 1.03 (1.00e1.07) 0.99 (0.95e1.02)
Admission to ICU 3.16 (1.24e8.09)a 3.10 (1.38e6.94)b 8.35 (3.04e22.91)c 2.46 (1.11e5.45)a

Use of immunosuppressing drugs 1.54 (0.13e18.43) 9.62 (0.80e72.79) 7.98 (0.70e90.49) 0.89 (0.08e10.37)
Use of carbapenems 1.30 (0.32e5.24) 2.50 (0.72e8.65) 2.92 (0.79e10.83) 12.76 (3.86e42.17)c

Use of anti-anaerobic drugs 0.35 (0.12e0.99)a 0.38 (0.16e0.91)a 0.39 (0.14e1.06) 1.24 (0.56e2.77)

ICU, intensive care unit; anti-anaerobic drugs, clindamycin and metronidazole; OR, odds ratio; CI, confidence interval.
Note: Escherichia coli is the reference category. Significant results are presented in bold type. aP < 0.05; bP < 0.01; cP < 0.001.
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for analysis using temperature on the day of diagnosis or the
moving average of the seven previous days [21].

This study also had several strengths. To the authors’
knowledge, this is the first study to analyse the interplay of
traditional risk factors, season and weather parameters on the
Table VII

Final multi-variable model for overall imipenem resistance in
Gram-negative bacilli bloodstream infections

Factor OR (95% CI) P-value

Temperature 1.13 (1.04e1.22) 0.006
Time at risk 0.96 (0.94e0.98) <0.001
Pressure ulcer 2.27 (1.28e4.01) 0.005
Cephalosporins,
third/fourth generation

2.45 (1.40e4.28) 0.002

Carbapenems 7.49 (4.03e13.84) <0.001
Anti-anaerobic drugs 2.33 (1.28e4.22) 0.005

OR, odds ratio. CI, confidence interval.
epidemiology of HCAI. Extensive chart review was performed
and rigorous analytic models were used.

In conclusion, this study identified the impact of season
and weather on the aetiology of GNB-BSI. The impact was
independent of demography, comorbidities, invasive proced-
ures or use of antimicrobials. It was detected in wards with
and wards without climate control. While several doubts
remain regarding the mechanisms underlying seasonality of
GNB, these findings reinforce the need for strengthening
infection control measures during summer and in warmer
periods.
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