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Using prospectively collected surveillance data at a tertiary care hospital in Central Europe, we investigated
seasonal differences in central line−associated bloodstream infection incidence. Central line−associated
bloodstream infection incidence rates were highest during the third quarter over an observation period of 24
months. Investigating influence of meteorological parameters identified a significant correlation with precip-
itation (r = 0.460, P = .023).
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Seasonal variations in incidence of a broad spectrum of infectious
diseases have been described. Seasonality has been reported for cer-
tain bacterial,1 viral,2 and even parasitic infections.3 For example, in
Central Europe, influenza typically peaks between November and
April.4 For several infections showing a seasonal pattern in inci-
dence, these variations have been associated with environmental
changes, such as temperature, humidity, rainfall, or wind.1,5

However, no data are published on the seasonal pattern of central
line−associated bloodstream infection (CLABSI) incidence. Identifica-
tion of seasonal peaks could optimize allocation of infection preven-
tion efforts. In periods with higher incidence, an intensification in
hygienic measures could be triggered. Similar to other infectious dis-
eases showing seasonal patterns, we were also interested in the
question whether there is an association between incidence rates
and meteorological variables. At our hospital, a semiautomatic sur-
veillance of CLABSI had been established in the beginning of 2016.
We used these prospectively collected data to address the question
of seasonality for CLABSI and investigated correlation with environ-
mental factors, which were collected at a public meteorological sta-
tion located near to the hospital.
METHODS

Setting

This study was conducted at the University Hospital Zurich, Swit-
zerland, a 900-bed tertiary care teaching center with approximately
40,000 admissions per year, featuring all medical specialties except
pediatrics and orthopedics.
Surveillance of CLABSI

In January 2016, a semiautomatic surveillance system for
CLABSI incidence was implemented. Source data including pres-
ence of a central venous catheter, length of hospitalization, and
microbial results of blood cultures are continuously extracted
from our patient data management system into Caradigm Intelli-
gence Platform (CIP). CIP acts as a platform for data aggregation,
and within CIP aggregated data can be subjected to an algorithm
applying the Centers for Disease Control and Prevention CLABSI
definitions,6 resulting in a list of individuals with possible CLABSI.
This list is then checked by a specialized infection control nurse
to exclude positive blood cultures resulting from contamination
or secondary bacteremia originating from another site of infection. For
the current study, we used validated CLABSI data encompassing 2 years
(2016 and 2017), which were used to calculate incidence rates
(IR) (CLABSI per 1000 catheter days) for quarters January-March,
April-June, July-September, and October-December. In addition to
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analysis of single years, we also used pooled data from 2016 and
2017. As chlorhexidine digluconate bathing in intensive care and
intermediate care units was widely implemented in the fourth
quarter of 2017, which likely influenced CLABSI rates, we per-
formed an additional analysis with exclusion of the fourth quarter
of 2017 to confirm our findings.

Meteorological data

For investigation of correlations between environmental influ-
ences and CLABSI incidence the variables temperature, humidity,
precipitation, wind force, and global radiation were obtained
from a public meteorological station (Stadt Z€urich, Sicherheitsde-
partement, Wetterstation Mythenquai, https://www.tecson-data.
ch/zurich/mythenquai/). This public meteorological station is
located near to the University Hospital Zurich with an air-line dis-
tance of approximately 2.5 km (1.6 miles). Meteorological varia-
bles were repeatedly determined every 10 minutes. For our
analyses, we downloaded daily averages, which were used to cal-
culate monthly and quarterly averages. We did not perform an
outlier exclusion.

Statistical analysis

R (version 3.2.3; R Foundation for Statistical Computing, Vienna,
Austria) was employed for statistical analyses. Incidence rates were
calculated by dividing the number of CLABSI by the number of cathe-
ter days in the corresponding time period and reported as CLABSI per
1000 catheter days. Catheter use was assessed by dividing the num-
ber of catheter days by the number of patient days. In general, 2-sided
tests were used; P values ≤.05 were considered statistically signifi-
cant. Comparisons of rates were performed with the R package rate-
ratio.test (version 1.0-2, https://cran.r-project.org/web/packages/
rateratio.test/rateratio.test.pdf2014), which enables comparison of
rates of 2 Poisson counts with given time at risk for each count. For
investigation of linear relationships between 2 variables, we applied
the Spearman rank correlation, which does not assume normal distri-
bution of data. For correlation analyses, monthly data for CLABSI inci-
dence and meteorological data were used.
Fig 1. Seasonal variations in CLABSI incidence. The x-axis indicates the date (year_quarter)
means and error bars to 95% confidence intervals for each quarter. CLABSI, central line−assoc
RESULTS

Seasonality of CLABSI incidence

Over a period of 24 months, the highest incidence rates for CLABSI
were observed in the third quarter of both years, that is, 2016 and
2017 (Fig 1). In 2016, the CLABSI rate in the third quarter did not dif-
fer significantly from other quarters, whereas in 2017 the CLABSI rate
in the third quarter (IR, 1.73; 95% confidence interval [CI], 1.17-2.46)
tended to be higher compared to all other seasons (IR, 1.02; 95% CI,
0.76-1.35; P = .056) and especially the second quarter (IR, 0.49; 95%
CI, 0.24-0.91; P = .002). Pooled data from both years confirmed the
increased CLABSI rate in the third quarter (IR, 1.88; 95% CI, 1.44-2.42;
other quarters IR, 1.33; 95% CI, 1.11-1.58; P = .047). Notably, no signif-
icant difference in central venous catheter use was detectable
between the third (rate [R], 0.198; 95% CI, 0.196-0.200) and other
quarters (R, 0.200; 95% CI, 0.199-0.201; P = .169).

Correlation of meteorological variables and incidence of CLABSI

Linear correlation did not detect a statistically significant associa-
tion between temperature (r = 0.224; P = .291), relative humidity
(r =−0.070; P = .743), wind force (r =−0.074; P = .731), and global
radiation (r = 0.121; P = .572). We found a significantly positive corre-
lation between precipitation and CLABSI incidence (r = 0.460;
P = .023) (Fig 2).

DISCUSSION

Using prospectively collected data on CLABSI incidence at a ter-
tiary care hospital in Central Europe, we identified a seasonal pattern
with peak incidence in the third quarter of the years 2016 and 2017.
Investigation of environmental factors suggests a correlation between
precipitation and incidence of CLABSI.

Seasonality in incidence of infectious diseases can sometimes be
supported by biologically plausible hypotheses taking periodic envi-
ronmental changes into consideration. Common hypotheses include
improved survival conditions of pathogens and changes in immune
status of the host during seasons with increased incidence.7 For
. The y-axis displays the quarterly incidence rate of CLABSI. Dots correspond to pooled
iated bloodstream infection.
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Fig 2. Correlation between precipitation and CLABSI incidence. The x-axis indicates monthly precipitation. The y-axis displays the monthly incidence rate of CLABSI. Line was gener-
ated using linear regression. CLABSI, central line−associated bloodstream infection.
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example, wintertime seasonality of norovirus outbreaks has been
attributed to improved durability of this virus in cold water. Most
CLABSI are caused by bacteria and the vast majority of patients suffer-
ing from a CLABSI are treated as inpatients; exposure to changes in
precipitation seems marginal for both bacteria and patients. As predis-
posing factors for reduced immune responses by the host, vitamin D
deficiency and reduced production of melatonin during periods of
reduced sunlight exposure has been considered.2 However, in our
study setting, sunlight exposure in the third quarter is expected to be
higher than in the first or fourth quarter. Nevertheless, for certain
pathogens, such as Legionella spp8 or diarrheal diseases,5 an association
with rainfall has been reported. Staphylococcus spp is a frequent patho-
gen in CLABSI. Recently, an increase in detection of staphylococci in
room air during summer in Northern Europe was described9 and
a positive correlation between methicillin-resistant Staphylococcus
aureus colonization and precipitation was reported, which, however,
lost significance in a multivariable model.10 It can be hypothesized
that variations in microbial burden of air and colonization of patients
might be at the cause of the observed seasonality, but we did neither
air sampling for microbial cultures nor routine screening of patients
for colonization.

We were able to confirm our findings in sensitivity analyses,
which excluded the fourth quarter of 2017. In the fourth quarter of
2017, chlorhexidine digluconate bathing was widely implemented on
the intensive and intermediate care units, which is expected to lower
the rate of CLABSI.11,12 In these analyses, incidence rates were highest
in the third quarter, which reached statistical significance for the year
2017, and found a marginally significant correlation between precipi-
tation and CLABSI incidence (data not shown).

The major strength of our study is the standardized and semiauto-
matic surveillance for CLABSI. Limitations are the single-center design
and the length of the analyzed surveillance period limited to
24 months. Furthermore, we did not analyze the pathogens causing
CLABSI in the current study.
CONCLUSIONS

Prospective surveillance identified highest incidence rates of
CLABSI in the third quarters of 2 consecutive years. Future multicenter
studies are desirable to confirm seasonality of CLABSI incidence and
the potential association with precipitation.

SUPPLEMENTARY MATERIALS

Supplementary material associated with this article can be found
in the online version at https://doi.org/10.1016/j.ajic.2019.02.011.
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