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Abstract

Background: Active daily surveillance of central-line days (CLDs) in the assessment of rates of central-line–associated bloodstream
infections (CLABSIs) is time-consuming and burdensome for healthcare workers. Sampling of denominator data is a method that could
reduce the time necessary to conduct active surveillance.
Objective: To evaluate the accuracy of various sampling strategies in the estimation of CLABSI rates in adult and pediatric units in Greece.
Methods: Daily denominator data were collected across Greece for 6 consecutive months in 33 units: 11 adult units, 4 pediatric intensive
care units (PICUs), 12 neonatal intensive care units (NICUs), and 6 pediatric oncology units. Overall, 32 samples were evaluated using
the following strategies: (1) 1 fixed day per week, (2) 2 fixed days per week, and (3) 1 fixed week per month. The CLDs for each month were
estimated as follows: (number of sample CLDs/number of sampled days) × 30. The estimated CLDs were used to calculate CLABSI rates.
The accuracy of the estimated CLABSI rates was assessed by calculating the percentage error (PE): [(observed CLABSI rates − estimated
CLABSI rates)/observed CLABSI rates].
Results: Compared to other strategies, sampling over 2 fixed days per week provided the most accurate estimates of CLABSI rates for all
types of units. Percentage of estimated CLABSI rates with PE ≤± 5% using the strategy of 2 fixed days per week ranged between 74.6% and
88.7% in NICUs. This range was 79.4%–94.1% in pediatric onology units, 62.5%–91.7% in PICUs, and 80.3%–92.4% in adult units. Further
evaluation with intraclass correlation coefficients and Bland-Altman plots indicated that the estimated CLABSI rates were reliable.
Conclusion: Sampling over 2 fixed days per week provides a valid alternative to daily collection of CLABSI denominator data. Adoption of
such a monitoring method could be an important step toward better and less burdensome infection control and prevention.
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Healthcare–associated infections (HAIs) are by far the most
common complications affecting hospitalized patients throughout
the world today.1 The reduction of HAIs has become a major
focus of attention in healthcare systems worldwide over the last
decade, and monitoring rates of HAIs has become an important
quality-improvement measure.2 In Greece in particular, HAIs
have become a widespread and urgent problem. One of the most
common HAIs, not only in Greece but worldwide, is central-line–
associated bloodstream infection (CLABSI).3,4 CLABSIs are
associated with considerable morbidity and mortality, as well as
high expenditure for national healthcare systems.5,6 Surveillance
is a necessary tool for monitoring CLABSI rates as well as for
making progress toward preventing CLABSIs both within hos-
pitals and at the national level.

The Centers for Disease Control and Prevention (CDC)
states that for the collection of CLABSI denominator data, a
daily count of the number of patients and of the number of
patients with 1 or more central lines in place (ie, central-line
days, CLDs) in each unit under surveillance is required.7

Unfortunately, active daily surveillance of CLDs in the assess-
ment of CLABSI rates is time-consuming and burdensome for
healthcare workers,1 which can lead to gaps in the collection of
data, especially in resource-limited healthcare systems (as in
Greece). Sampling of denominator data is a method that could
reduce the time necessary to conduct active surveillance.
Furthermore, the introduction of such a technique could
enhance the interest of unit personnel in monitoring CLABSI
rates. Previous studies have assessed the use of sampling to
collect CLDs and suggest that it is applicable mostly in adult
intensive care units (ICUs).8–12

The primary objective of this study was to evaluate
the accuracy of various sampling strategies in the estimation
of CLABSI rates compared to actual CLABSI rates, based on
the daily collection of denominator data not only in adults
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units but also in pediatric units in Greece. The secondary
objective was to assess the impact of sampling on other mea-
sures related to HAIs, such as central-line utilization (CLU)
ratios and CLDs.

Methods

Sampling of denominator data

Daily denominator data were collected for 6 consecutive months
in 33 units from 14 hospitals across Greece that participate
voluntarily in a initative called “Prevention of Hospital-
Acquired Infections in Greece” (PHIG). One of the ultimate
goals of this initiative is the reduction of CLABSI rates
nationally. More specifically, 12 neonatal intensive care units
(NICUs), 6 pediatric oncology units (Ped-ONCs), 4 pediatric
intensive care units (PICUs,) and 11 adult units provided these
data. In addition, 7 of these were hospitals with academic
medical units. CLDs and patient days (PTDs) were collected
manually on a daily basis at the same time of the day in every
unit. The number of CLABSIs was also reported by all partici-
pating units, corresponding to the period during which the
denominator data were collected. CLABSI rates and CLU ratios
were calculated based on the CDC 2014 criteria.7 From the
original set of daily denominator data, 3 sampling strategies
with 32 possible permutations were evaluated as follows: (1) 1
fixed day per week (7 permutations), (2) 2 fixed days per week
(21 permutations), (3) 1 week per month (4 permutations).
CLDs and PTDs for each month were estimated for each sam-
pling permutation as follows:

Estimated CLDs=
Number of CLDs in the sample

Number of sampled days per month
´ 30

Estimated PTDs=
Number of PTDs in the sample

Number of sampled days per month
´ 30

The estimated CLDs and PTDs were used to calculate monthly
CLABSI rates and monthly CLU ratios for each sampling per-
mutation as follows:

Estimated CLABSI rate=
Number of CLABSIs

Number of estimated CLDs
´ 1; 000

Estimated CLU ratio=
Number of estimated CLDs
Number of estimated PTDs

Statistical analysis

The accuracy of the estimated monthly CLABSI rates, CLDs, and
CLU ratios was assessed by calculating the percentage error (PE)
as follows:

PE of estimated monthly CLABSI rates=
Actual CLABSI rate�estimated CLABSI rate

Actual CLABSI rate
´ 100

The distribution of PE of monthly CLABSI rates is presented with
medians and percentile range (5%–95%). The absolute and rela-
tive frequencies (%) of months with PE ≤5% are also presented.
Furthermore, intraclass correlation coefficients (ICCs), Bland-
Altman plots, and percentages of months that are outside the
limits of agreement were also calculated to assess the agreement
between estimated and actual CLABSI rates.

Sampling permutations that most frequently provided months
with PE ≤5% were selected and further examined. Linear mixed-
regression models were used to compare the CLABSI rate PEs
between these selected sampling permutations, taking into
account that months were nested within units. Sensitivity analysis
was conducted to detect differences in estimation between
months with low and high CLDs. We used 75 CLDs as a cutoff, as
proposed by the CDC.13 All statistical analyses were stratified by
type of unit: NICU, PICU, Ped-ONC, Adult. All analyses were
conducted using STATA version 13 software.

Results

The original denominator dataset included information from
71 months from NICUs, 34 months from Ped-ONCs, 24 months
from PICUs, and 66 months from adult units. An overview of
descriptive characteristics of the types of participating units is
presented in Table 1.

Estimation of CLABSI Rates

The distribution of monthly CLABSI rate PEs and the number
of months with CLABSI rate PEs ≤± 5% by sampling permu-
tation are provided in Figure 1 and Table 2. Sampling over 7
consecutive days, ie, 1 week per month (either the first, second,
third, or fourth week of each month; permutations: weeks 1–4 in
Fig. 1) provided the least accurate estimates of CLABSI rates (ie,
the distribution of PE was very wide). Day-pair samples pro-
vided the most accurate estimates across all types of units. More
specifically, in NICUs the proportion of months with CLABSI
rate PE ≤5% was highest in the following pairs: Monday–Friday
(85.9%), Tuesday–Wednesday (85.9%), Wednesday–Saturday
(85.9%), Wednesday–Sunday (88.7%), and Thursday–Sunday
(88.7%). In Ped-ONCs, the highest proportions were noted in
the following pairs: Monday–Thursday (91.2%), Tuesday–
Saturday (91.2%), Thursday–Saturday (91.2%), Friday–Saturday
(91.2%), Friday–Sunday (91.2%), Monday–Tuesday (94.1%),
and Monday–Friday (97.1%). In PICUs, the highest proportions
were noted in the following pairs: Thursday–Friday (91.7%) and
Friday–Saturday (87.5%). Lastly, in adult units, the highest
proportions were noted in the following pairs: Wednesday–

Table 1. Descriptive Characteristics of Types of Units Participating From the 14
Hospitals

Variable NICUs
Ped-
ONCs PICUs

Adult
Units

No. of units 12 6 4 11

No. of months 71 34 24 66

No. of PTDs 38,533 11,056 3,094 49,583

No. of CLDs 6,232 9,099 2,124 11,441

No. of CLABSIs 41 7 18 73

Pooled CLU ratio 0.16 0.82 0.69 0.23

Pooled CLABSI rate per 1,000 CLDs 6.58 0.77 8.47 6.38

Note. PTDs, patient days; CLDs, central-line days; CLABSIs, central-line–associated blood-
stream infections; CLU, central-line utilization; NICUs, neonatal intensive care units; Ped-
ONCs, pediatric oncology untis; PICUs, pediatric intensive care units.
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Sunday (86.4%), Tuesday–Sunday (87.9%), Thursday–Sunday
(87.9%), Tuesday–Friday (92.4%), and Tuesday–Saturday
(92.4%).

Linear mixed models were performed to determine which of
these day-pair samples provided the most accurate estimation of
CLABSI rates, and no statistically significant differences were
detected between pairs (data not shown); hence these permuta-
tions may be used interchangeably. The ICC values for all of the
above strategies were >0.9, indicating that the estimated CLABSI
rates strongly resemble the actual rates (Table 2). Likewise, Bland-
Altman percentages of months with estimated rates outside the
limits of agreement were very low (<10% for almost all selected
permutations) (Table 3). Figure 2 represents the Bland-Altman
plot for a specific sampling permutation in NICUs. Bland-Altman
plots for the rest of the selected sampling permutations were very
similar to the one presented.

Assessment of CLDs and CLU ratio

The impact of sampling on estimating CLDs and CLU ratio was
also estimated. The number of months with PE of estimated
CLDs and CLU ratio ≤± 5% by the above selected sampling

permutations is presented in Table 4. The number of months
with PE ≤± 5% regarding estimated CLDs and CLU ratio was
lower compared to estimated CLABSI rates, but still at a
satisfactory level, especially in Ped-ONCs and adult units.
Further analysis was conducted to investigate the reason behind
the lower number of months with PE ≤± 5% in NICUs. Because
most of the participating NICUs have low CLDs, the proposed cutoff
from the CDC of 75 central-line days was used. Analysis showed
that the distribution of PE in the estimated CLDs and CLU ratio for
every sampling permutation was much wider for months with ≤75
CLDs, indicating that using fewer CLDs leads to less accurate esti-
mates. Figure 3 represents the discrimination of PE distribution
between months with low and high CLDs for a specific sampling
permutation in NICUs. Similar discrimination was observed for the
other types of units.

Discussion

Proper monitoring of CLABSI rates is critical to efforts to pre-
venting CLABSIs. The economic recession that began a decade
ago in many European countries, most notably in Greece, led to

Fig. 1. Percentile distribution (5th–95th percentile) of the percentage εrror of the estimated CLABSI rates by each sampling permutation and type of unit.
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austerity measures and public sector cutbacks that also affected
infection prevention programs.14 The reallocation of available
resources given these new circumstances could be an alternate

approach for infection prevention in hospitals.15 Elimination of
the burden of the daily surveillance for monitoring CLABSI rates
could be one such adjustment. The purpose of this study was to
evaluate different sampling strategies in the estimation of CLABSI
rates to reduce the time-consuming daily collection of denomi-
nator data needed to calculate such rates.

Overall, 32 permutations were evaluated, including 1 fixed day
per week, fixed day-pairs per week, and 1 fixed week per month.
Our results show that sampling over 2 fixed days per week pro-
vides the most accurate estimates of CLABSI rates. The percen-
tage of monthly estimated CLABSI rates with PE ≤5% using the
sampling strategy of 2 fixed days per week ranged from 74.6% to
88.7% in NICUs, from 79.4% to 94.1% in Ped-ONCs, from 62.5%
to 91.7% in PICUs, and from 80.3% to 92.4% in adult units. These
percentages were lower with respect to sampling over 1 fixed day
per week and even lower when sampling 1 fixed week per month.
Further evaluation with ICCs and Bland-Altman plots indicated
that the estimated CLABSI rates by selected day-pair permuta-
tions are reliable.

Day-pair permutations with more accurate estimates varied
across different types of units, mostly related to patterns of patient
admission and discharge throughout the week for each type.
Some of the selected strategies included weekend days, whereas
the NHSN does not recommend sampling these days.16 In our
setting, patient movement in units was high during weekends;
hence, excluding these days could lead to less accurate estimates.
If denominator collection is not feasible for these days, then these
strategies should not be preferred. Once a sampling strategy is
selected, the person who collects the data must adhere to this
strategy throughout the surveillance period; strategies with ran-
dom selections of day-pairs were not evaluated in this study. Our
hope is that someday, as electronic methords of record-keeping
and documentation mature, manual sampling will not be neces-
sary. In resource-limited healthcare systems, such as exists in
Greece, no such system has been introduced yet. The recording of
denominator data is and will be done by hand for the foreseeable
future; this is why sampling is important.

Our study focused on the accuracy of the estimated CLABSI
rates as a primary outcome and not on the estimated CLDs,
since the latter impacts the prior. The method we used for the
estimation of CLDs to calculate CLABSI rates was the same as
that proposed by Hammami et al.8 Although this study does not
assess the impact of sampling on CLABSI rates, their findings

Table 2. Number of Months With CLABSI Rate Percentage Error ≤ ± 5% by
Sampling Permutation

No. of Months (%) With CLABSI Rate
Percentage Error ≤ ± 5%

Sample
NICUs
(N= 71)

Ped-ONCs
(N= 34)

PICUs
(N= 24)

Adult Units
(N= 66)

1 Mon 56 (78.9) 29 (85.3) 18 (75.0) 52 (78.8)

2 Tue 58 (81.7) 27 (79.4) 19 (79.2) 51 (77.3)

3 Wed 52 (73.2) 26 (76.5) 15 (62.5) 52 (78.8)

4 Thu 53 (74.6) 28 (82.4) 17 (70.8) 54 (81.8)

5 Fri 53 (74.6) 28 (82.4) 18 (75.0) 55 (83.3)

6 Sat 58 (81.7) 28 (82.4) 19 (79.2) 51 (77.3)

7 Sun 52 (73.2) 27 (79.4) 17 (70.8) 51 (77.3)

8 Mon–Tue 58 (81.7) 32 (94.1) 20 (83.3) 56 (84.8)

9 Mon–Wed 60 (84.5) 29 (85.3) 19 (79.2) 56 (84.8)

10 Mon–Thu 60 (84.5) 31 (91.2) 18 (75.0) 57 (86.4)

11 Mon–Fri 61 (85.9) 33 (97.1) 20 (83.3) 56 (84.8)

12 Mon–Sat 59 (83.1) 28 (82.4) 19 (79.2) 56 (84.8)

13 Mon–Sun 53 (74.6) 29 (85.3) 18 (75.0) 55 (83.3)

14 Tue–Wed 61 (85.9) 28 (82.4) 17 (70.8) 52 (78.8)

15 Tue–Thu 58 (81.7) 29 (85.3) 18 (75.0) 54 (81.8)

16 Tue–Fri 58 (81.7) 30 (88.2) 18 (75.0) 61 (92.4)

17 Tue–Sat 59 (83.1) 31 (91.2) 19 (79.2) 61 (92.4)

18 Tue–Sun 58 (81.7) 30 (88.2) 18 (75.0) 58 (87.9)

19 Wed–Thu 56 (78.9) 27 (79.4) 16 (66.7) 53 (80.3)

20 Wed–Fri 57 (80.3) 28 (82.4) 20 (83.3) 55 (83.3)

21 Wed–Sat 61 (85.9) 30 (88.2) 18 (75.0) 55 (83.3)

22 Wed–Sun 63 (88.7) 28 (82.4) 18 (75.0) 57 (86.4)

23 Thu–Fri 55 (77.5) 28 (82.4) 22 (91.7) 54 (81.8)

24 Thu–Sat 57 (80.3) 31 (91.2) 20 (83.3) 55 (83.3)

25 Thu–Sun 63 (88.7) 29 (85.3) 15 (62.5) 58 (87.9)

26 Fri–Sat 56 (78.9) 31 (91.2) 21 (87.5) 54 (81.8)

27 Fri–Sun 58 (81.7) 31 (91.2) 17 (70.8) 56 (84.8)

28 Sat–Sun 54 (76.1) 28 (82.4) 19 (79.2) 53 (80.3)

29 Week 1 46 (64.8) 23 (67.6) 17 (70.8) 39 (59.1)

30 Week 2 49 (69.0) 25 (73.5) 17 (70.8) 48 (72.7)

31 Week 3 51 (71.8) 23 (67.6) 17 (70.8) 47 (71.2)

32 Week 4 48 (67.6) 23 (67.6) 16 (66.7) 46 (69.7)

Note. CLABSI, central-line–associated bloodstream infection; NICUs, neonatal intensive care
units; Ped-ONCs, pediatric oncology units; PICUs, pediatric intensive care units.

Fig. 2. Bland-Altman plot of agreement between estimated and actual CLABSI rates
for the day-pair permutation Wednesday–Sunday in NICUs.
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suggest that sampling over 2 days per week provides more
accurate estimated CLDs than sampling over 1 day. Our pro-
posal with respect to CLABSI rates is similar. Other studies have
also assessed the impact of sampling in CLDs and CLABSI
rates.9–12 These studies did not use the same method for the
estimation of CLDs; instead, they used the sample’s CLU ratio
and the total number of actual patient days to estimate CLDs.
This method of estimation was not evaluated in our study
because it is more time-consuming to request the total number
of patient days each month from the statistics offices of each
unit. Despite the different methodology in the estimated CLDs,
results of these studies were similar to ours. The impact of
sampling on CLABSI rates was minimal. Furthermore, the cutoff
of 75 CLDs was further examined, and our findings were similar

to those of Thompson et al.11 The estimated CLDs and CLU
ratios were more accurate when the number of actual monthly
CLDs was above 75.

Our study has some limitations. We examined only the
accuracy of the estimation of CLABSI rates, CLU ratios, and
CLDs. There are other metrics within the area of active sur-
veillance of CLABSIs. For example, the accuracy of the estima-
tion of antibiotic use ratio was not evaluated. Further research is
also needed to assess possible factors that might influence the
precision of the estimates of CLABSI rates, such as the length of
hospital stay and the number of admissions. In addition, more
sampling strategies should be considered, such as sampling on
random days, sampling over 3 days per week, or sampling over
several months. Our study was limited to the evaluated strategies

Table 3. Bland-Altman Percentage Out of Limits of Agreement and ICC Between Estimated and Actual CLABSI Rates by Selected Sampling Permutationsa

Sample
BA % of Months With Estimated CLABSI

Rate Outside Limits of Agreement Sample
BA % of Months With Estimated CLABSI Rate

Outside Limits of Agreement

NICUs Ped-ONCs

Mon–Fri 4.2 Mon–Tue 2.9

Tue–Wed 5.6 Mon–Thu 11.8

Wed–Sat 4.2 Mon–Fri 5.9

Wed–Sun 2.8 Tue–Sat 8.8

Thu–Sun 2.8 Thu–Sat 5.9

Fri–Sat 8.8

Fri–Sun 8.8

PICUs Adult Units

Thu–Fri 8.3 Tue–Fri 3.0

Fri–Sat 12.5 Tue–Sat 7.6

Tue–Sun 7.6

Wed–Sun 3.0

Thu–Sun 4.6

Note. BA, Bland-Altman; NICUs, neonatal intensive care units; Ped-ONCs, pediatric oncology untis; PICUs, pediatric intensive care units.
aThat most frequently provided months with PE ≤ ± 5%.

Table 4. Number of Months (%) With Percentage Error of Estimated CLDs and CLU Ratio ≤ ± 5% by Selected Sampling Permutations

NICUs Ped-ONCs PICUs Adult Units

Sample
CLDs

No. (%)
CLU Ratio
No. (%) Sample

CLDs
No. (%)

CLU Ratio
No. (%) Sample

CLDs
No. (%)

CLU Ratio
No. (%) Sample

CLDs
No. (%)

CLU Ratio
No. (%)

Mon-Fri 35 (49.3) 40 (56.3) Mon–Tue 20 (58.8) 30 (88.2) Thu–Fri 11 (45.8) 12 (50.0) Tue–Fri 52 (78.8) 49 (74.2)

Tue–Wed 28 (39.4) 34 (47.9) Mon–Thu 26 (76.5) 34 (100.0) Fri–Sat 17 (70.8) 14 (58.3) Tue–Sat 49 (74.2) 48 (72.7)

Wed–Sat 32 (45.1) 43 (60.6) Mon–Fri 26 (76.5) 31 (91.2) Tue–Sun 46 (69.7) 47 (71.2)

Wed–Sun 38 (53.5) 39 (54.9) Tue–Sat 19 (55.9) 33 (97.0) Wed–Sun 45 (68.2) 50 (75.8)

Thu–Sun 36 (50.7) 40 (56.3) Thu–Sat 21 (61.8) 33 (97.0) Thu–Sun 46 (69.7) 56 (84.8)

Fri–Sat 22 (64.7) 31 (91.2)

Fri–Sun 22 (64.7) 32 (94.1)

Note. NICUs, neonatal intensive care units; Ped-ONCs, pediatric oncology untis; PICUs, pediatric intensive care units; CLDs, central-line days; CLU, central-line utilization.
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because these were the most feasible in our setting. The available
dataset consisted of 6 consecutive months of daily denominator
data from each unit. This period may have been rather short to
evaluate accuracy; more months may be needed to obtain reli-
able results. Especially with regard to PICUs in our dataset, there
were 24 months of data compared to other types of units that
had more. Moreover, further sensitivity analysis should be
conducted to examine whether zero CLABSIs would influence
the precision.

Notwithstanding the limitations described above, our findings
further support existing evidence that sampling is a valid alternative
to daily active surveillance and can provide reliable rates. More
specifically, sampling over 2 fixed days per week seems to provide a
more accurate alternative to the daily collection of CLABSI
denominator data. Adoption of such monitoring methods in
resource-limited healthcare systems, such as in Greece, could be an
important step toward better and less burdensome infection control
and prevention. These findings should also be evaluated for the
surveillance of other healthcare-associated infections.
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