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Abstract

Introduction

Residents of long-term care facilities (LTCFs) are a population at high risk of developing

severe healthcare associated infections (HAIs). In the assessment of HAIs in acute-care

hospitals, selection bias can occur due to cases being over-represented: patients develop-

ing HAIs usually have longer lengths of stays compared to controls, and therefore have an

increased probability of being sampled in PPS, leading to an overestimation of HAI preva-

lence. Our hypothesis was that in LTCFs, the opposite may occur: residents developing

HAIs either may have a greater chance of being transferred to acute-care facilities or of

dying, and therefore could be under-represented in PPS, leading to an underestimation of

HAI prevalence. Our aim was to test this hypothesis by comparing HAI rates obtained

through longitudinal and cross-sectional studies.

Methods

Results from two studies conducted simultaneously in four LTCFs in Italy were compared: a

longitudinal study promoted by the European Centre for Disease Prevention and Control

(ECDC, HALT4 longitudinal study, H4LS), and a PPS. Prevalence was estimated from the

PPS and converted into incidence per year using an adapted version of the Rhame and Sud-

derth formula proposed by the ECDC. Differences between incidence rates calculated from

the PPS results and obtained from H4LS were investigated using the Byar method for rate

ratio (RR).

Results

On the day of the PPS, HAI prevalence was 1.47% (95% confidence interval, CI 0.38–3.97),

whereas the H4LS incidence rate was 3.53 per 1000 patient-days (PDs, 95% CI 2.99–4.08).
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Conversion of prevalence rates obtained through the PPS into incidence using the ECDC

formula resulted in a rate of 0.86 per 1000 PDs (95% CI 0–2.68). Comparing the two rates, a

RR of 0.24 (95% CI 0.03–2.03, p 0.1649) was found.

Conclusions

This study did not find significant differences between HAI incidence estimates obtained

from a longitudinal study and through conversion from PPS data. Results of this study sup-

port the validity of the ECDC method.

Introduction

Residents of long-term care facilities (LTCFs) are a population at high risk of developing severe

healthcare associated infections (HAIs), as they represent an elder and frail population, often

affected by numerous comorbidities and with high healthcare exposure, residing in settings

with limited infection prevention and control (IPC) resources [1]. HAIs in LTCF residents are

associated with increased risk and length of hospitalization, increased risk of death, and

increased healthcare costs [2]. These aspects have implications on the broader health system,

not only in terms of the number of patients requiring acute care. LTCFs can act as reservoirs

for antimicrobial resistant (AMR) pathogens, and residents transferring across facilities pro-

viding different levels of care have the potential of amplifying the spread of AMR pathogens

throughout a health system, as seen for Candida auris [3]. Further, the treatment of HAIs

acquired in LTCFs is a growing indication for antibiotic use in acute-care facilities, which in

turn increases antibiotic pressure [4].

Assessing the burden of HAIs requires therefore an integrated approach, including both

acute-care settings and LTCFs. The European Centre for Disease Prevention and Control

(ECDC) coordinates repeated point prevalence surveys (PPS) of HAIs across European coun-

tries in both settings. Based on results of the third Healthcare-Associated Infections and Anti-

microbial Use in Long-Term Care Facilities (HALT-3) project, over 4 million HAI episodes

among residents of European LTCFs were estimated to have occurred in 2016, amounting to

129,940 residents with at least one HAI on a given day [5].

Incidence estimates obtained from PPS data have been used to assess the burden of HAIs in

acute-care hospitals in terms of disability-adjusted life years (DALYs) [6, 7]. Measuring disease

burden in DALYs allows a more comprehensive evaluation compared to mortality, as DALYs

add years lived with disability (YLD, with a specific disability weight attributed to each health

condition) to years of life lost (YLL). Further, calculating DALYs allows to compare disease

burdens of very different health conditions, including but not limited to other communicable

diseases. Calculating DALYs using an incidence-based approach allows a more consistent

measurement of YLL and YLD, and is generally considered more appropriate for acute condi-

tions, such as infectious diseases [8]. However, longitudinal studies of HAI incidence are rela-

tively more resource-intensive compared to PPS, which is particularly true for the LTCF

setting. In fact, very few HAI incidence studies conducted in LTCFs have been published to

date [9, 10].

For these reasons, DALYs have been calculated by converting HAI prevalence obtained

from PPS into incidence, using a modified version of the Rhame and Sudderth formula [11].

This method requires a certain degree of approximation due to the cross-sectional nature of

PPS: in particular, residents are assumed to permanently reside in LTCFs, and HAI duration is
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assessed by multiplying by 2 the median duration from day of onset to the day of the PPS for

each specific HAI type [5]. Further, in the assessment of HAIs in acute-care hospitals, selection

bias can occur due to cases being over-represented: in fact, patients developing HAIs usually

have longer lengths of stays compared to controls, and therefore have an increased probability

of being sampled in PPS, leading to an overestimation of HAI prevalence [12, 13]. Our hypoth-

esis was that in LTCFs, the opposite may occur: residents developing HAIs either may have a

greater chance of being transferred to acute-care facilities or of dying, and therefore could be

under-represented in PPS, leading to an underestimation of HAI prevalence (Fig 1).

To test this hypothesis, we compared results from two studies conducted simultaneously in

four LTCFs in Italy: a longitudinal study promoted by the ECDC (HALT4 longitudinal study,

H4LS), and a pilot PPS, which applied the same HAI definitions. Our objective was to validate

the prevalence to incidence formula proposed by the ECDC in the LTCF setting, to evaluate

whether resulting rates would be underestimated in comparison with HAI rates observed in

the longitudinal study.

Material and methods

Data sources

Data were obtained from LTCFs participating simultaneously in two studies, respectively

cross-sectional (pilot PPS) and prospective cohort (H4LS). Both studies were based on the

Fig 1. Lexis diagrams illustrating the study hypothesis. Diagonal lines represent the length of stay of each patient.

Grey lines represent length of stay (LOS) without infection. Black dots represent the occurrence of a healthcare-

associated infection (HAI), and black lines represent the duration of infection. Vertical blue lines represent the day of

the point prevalence survey (PPS), in which patients are sampled. The study hypothesis is that compared to acute-care

settings, where patients with HAIs are over-represented in PPS due to their longer LOS, residents of long-term care

facilities developing HAIs are under-represented, as they may have a greater chance of being transferred to acute-care

hospitals (ACH) or of dying (red dots).

https://doi.org/10.1371/journal.pone.0300794.g001
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HALT project and applied the same ECDC HAI definitions. Participation was voluntary, and

convenience sampling was employed in both studies.

The pilot PPS was conducted between May 15—June 15, 2022. The study was coordinated

by the University of Turin in collaboration with the National Health Institute (Istituto Super-

iore di Sanità, ISS) within a broader project aiming to establish a national HAI surveillance

network, financed by the Italian Ministry of Health. The specific objective of the pilot PPS was

to establish a surveillance network and to test data collection methods and tools. The study

was previously described in detail [14]. Briefly, data were collected in a single day per partici-

pating facility at the LTCF, ward, and resident levels. Each facility could pick a date to conduct

the PPS within the study window. At the resident level, all active HAIs were recorded, defined

as conditions for which signs/symptoms of infection were present on the day of the PPS or for

which antibiotic treatment was still ongoing on the day of the PPS.

For the longitudinal study, the H4LS protocol version 1.5 was applied [9]. The study was

promoted by the ECDC through the healthcare-associated infections surveillance network

(HAI-Net). The national study coordinator for Italy was the Region of Emilia-Romagna. Par-

ticipating LTCFs were required to prospectively collect data for 12 months, starting January

31st, 2022. LTCFs with a median length of stay of 12 months or more were preferred. Within

participating facilities, residents present on day 1 of the study were included. Data were col-

lected through institutional, resident, and infection questionnaires. The first two question-

naires were completed at the beginning of the study (including resident clinical characteristics,

comorbidities, and risk factors), whereas infection questionnaires were completed for each

HAI developed during the follow-up period.

For the purposes of this analysis, data from four LTCFs participating in both studies (PPS

and H4LS) were considered. A diagram summarizing the study design is provided in Fig 2.

Institutional review boards

Both studies were approved by relevant institutions. The pilot PPS was approved by the

“Comitato di bioetica d’Ateneo, University of Turin” (protocol n. 0169983, 14 March 2022),

“Comitato Etico Interaziendale, Azienda Ospedaliero Universitaria San Luigi Gonzaga, Orbas-

sano” (protocol n. 4611, 21 March 2022) and “Comitato Etico Nazionale per le sperimenta-

zioni degli Enti Pubblici di Ricerca e altri Enti Pubblici a carattere nazionale, Istituto Superiore

di Sanità” (protocol n. 0015064, 19 April 2022), in addition to approvals by each appropriate

local institutional review board. H4LS received approvals from the “Comitato Etico Interazien-

dale, Azienda Ospedaliero Universitaria San Luigi Gonzaga, Orbassano” (protocol n. 2720, 18

February 2022) and the “Comitato Etico Area Vasta Emilia Centro della Regione Emilia-

Romagna (CE-AVEC)” (protocol n˚ 929-2021-OSS-AUSLIM, 17 November 2021).

The recruitment period for the pilot PPS coincided with the study period (May 15—June 15,

2022). For the pilot PPS, the need for consent was waived by the ethics committee. Residents were

recruited for the longitudinal study from December 1st, 2021 to January 31st, 2022. Written consent

for participation was required from either residents or their caregivers for participation in H4LS.

Statistical analysis

Descriptive analyses were performed on structure- and patient-level data, using frequencies

and medians with interquartile ranges (IQR) for categorical and continuous variables

respectively.

Characteristics of residents included in H4LS which developed at least one HAI were com-

pared to those of patients that did not develop infection during the study period, using Fisher

and Mann-Whitney U tests when appropriate.
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Prevalence was estimated from the pilot PPS in terms of overall prevalence (total number of

residents with at least an HAI on the day of the PPS divided by all included residents). Preva-

lence was converted into incidence per year using an adapted version of the Rhame and Sud-

derth formula proposed by the ECDC:

I ¼ P �
365

D X 2
ð1Þ

where I is incidence, P is prevalence, D is the duration of infection (in days), calculated as the

median number of days between date of HAI onset and date of the PPS. The formula implies

residents are assumed to reside permanently in LTCFs. A correction factor of 95% is applied to

account for average occupancy of LTCF beds [5, 11]. The correction factor was calculated by

ECDC based on institutional denominator data collected during HALT-3 [5]. Incidence rates

were expressed in HAIs per 1000 patient-days (PDs), and respective 95% confidence intervals

(CIs) were obtained using Taylor series.

Considering H4LS data, the incidence rate was expressed as the number of HAI episodes

over 1000 days of follow-up (PDs), with 95% CI calculated according to the normal approxi-

mation to the Poisson distribution, as described by Rosner [15]. Differences between incidence

rates calculated from the pilot PPS results and obtained from H4LS were investigated using the

Byar method for rate ratio (RR) [16]. Analyses were performed using IBM SPPS v. 28.0.1, set-

ting a two-tailed significance level at α = 0.05.

Results

Descriptive statistics

Overall, 15 LTCFs participated in the pilot PPS conducted in May-June 2022. The Italian

H4LS sample included 24 LTCFs, and was conducted between January 2022 –March 2023.

Four LTCFs (two in the region of Piedmont, and two in the region of Emilia-Romagna) partic-

ipated in both studies and were therefore included in our analysis. Facility-level descriptive

characteristics for each of the LTCFs are provided in Table 1.

Two of the facilities were classified as residential homes: residents are unable to live inde-

pendently, and require supervision and assistance for the activities of daily living. The other

two facilities were mixed LTCF, providing different types of care within the same facility. The

proportion of residents included in the pilot PPS ranged from 67% to 100%, and from 26.3%

to 88.3% for H4LS. Reasons for exclusion were mainly due to difficulties in obtaining informed

consent from the residents themselves or from their care-givers. IPC resources and practices

were uneven, with only one LTCF employing personnel trained in IPC. However, all LTCFs

reported having an IPC committee and routinely performing laboratory tests to diagnose

infections.

Resident-level characteristics from H4LS are provided in Table 2. Residents developing at

least one HAI during follow-up had a higher median Charlson score compared to residents

which did not develop HAI, and required hospitalization more frequently (15.2% vs. 4.2%).

Hospitalizations among HAI residents also lasted longer. On the other hand, at end of follow-

up a higher proportion of patients not developing HAIs were deceased compared to patients

developing HAIs, which was the only difference reaching statistical significance among investi-

gated variables (p 0.030).

Fig 2. Diagram illustrating the study design. HAI, healthcare-associated infection; H4LS, healthcare-associated

infections and antimicrobial use in long-term care facilities longitudinal study; LTCFs, long-term care facilities; PPS,

point prevalence survey.

https://doi.org/10.1371/journal.pone.0300794.g002
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Characteristics of HAIs are summarized in Table 3. On the day of the pilot PPS, the overall

prevalence of HAI was 1.47% (95% CI 0.38–3.97), whereas 67.3% of residents included in

H4LS developed at least one HAI during the year of follow-up. Overall, the total number of

HAIs recorded during H4LS was 160, resulting in an overall incidence rate of 3.53 per 1000

PDs (95% CI 2.99–4.08). Repeated infections were frequent among patients developing at least

one HAI.

Concerning HAI types, 1 skin infection, 1 ear, eye, nose & mouth infection, and 1 other

infection were recorded on the day of the pilot PPS. The most frequent HAI types in H4LS

were COVID-19, lower respiratory tract infections, and urinary tract infections. Over half of

HAIs in the longitudinal study underwent microbiological testing (for none of which antimi-

crobial susceptibility testing results were available), and none in the pilot PPS.

According to H4LS results, the median duration of HAI episodes was 7 days (IQR 5–10).

The median number of days from HAI onset to the day of the PPS was 9 (range 7–19). In the

longitudinal study, 11 HAIs led to residents being hospitalized (6.7% of recorded HAIs) and in

one case infection was either part of the causal sequence, contributory cause or sole cause of

death (0.6% of HAIs).

Validation of prevalence to incidence conversion

The calculation of HAI incidence from overall prevalence resulted in a rate of 0.86 per 1000

PDs (95% CI 0–2.68). Comparing this result to HAI incidence obtained from H4LS resulted in

a RR of 0.24 (95% CI 0.03–2.03, p 0.1649). Even though this result did not reach statistical sig-

nificance, the prevalence to incidence conversion method resulted in an underestimation by 1/

4 of HAI incidence.

A possible cause for the underestimation of HAI incidence could be due to an overestima-

tion of the duration of HAIs in the cross-sectional survey: in fact, median HAI duration esti-

mated from the pilot PPS was 2 days longer than the duration observed in H4LS. We

Table 1. Structure-level characteristics from long-term care facilities (LTCFs) participating in both the pilot point prevalence survey (PPS) and longitudinal study

(H4LS) of healthcare-associated infections (HAIs).

LTCF 1 LTCF 2 LTCF 3 LTCF 4

Facility type Residential home Residential home Mixed LTCF Mixed LTCF

Ownership Not-for-profit Not-for-profit Private Public

Size (total number of beds) 60 88 38 59

Number of residents included in pilot PPS (% of total beds) 52 (86.7%) 59 (67%) 38 (100%) 54 (91.5%)

Number of residents included in H4LS (% of total beds) 53 (88.3%) 64 (72.7%) 10 (26.3%) 20 (33.9%)

Study periods:

H4LS start-end dates; total number of patient days 16/02/22-28/02/23;

15793

01/03/22-28/02/23;

18408

01/03/22-01/03/23;

3616

01/02/22-01/03/22;

7462

08/06/2022Date of pilot PPS 24/05/2022 29/07/2022 27/07/2022

Are medical activities in the facility coordinated by a physician? Yes, internal Yes, internal Yes, external No

Is nursing assistance available 24 hours per day? Yes No No No

Is personnel trained in infection prevention and control (IPC) working

in the facility?

Yes No No No

Does the LTCF have an external or internal IPC committee? Yes Yes Yes Yes

Is a surveillance programme of HAIs in place in the facility? Yes No Yes Yes

Are laboratory tests routinely performed to diagnose infections? Yes Yes Yes Yes

HAI, healthcare-associated infection; H4LS, healthcare-associated infections and antimicrobial use in long-term care facilities longitudinal study; IPC, infection

prevention and control; LTCFs, long-term care facilities; PPS, point prevalence survey.

https://doi.org/10.1371/journal.pone.0300794.t001
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performed the same calculation using the median HAI duration from H4LS: an incidence rate

of 2.22 per 1000 PDs (95% CI 0–5.14) was found, a result much closer to H4LS incidence (RR

0.63, 95% CI 0.17–2.36, p 0.451).

To correct for the overestimation of HAI duration, we propose the following formula for

prevalence to incidence conversion:

I ¼ P �
365

D
ð2Þ

Applying this formula to pilot PPS data (prevalence and HAI duration), we found an inci-

dence rate of 1.73 per 1000 PDs (95% CI 0–4.31), which compared to H4LS incidence resulted

in a RR of 0.49 (95% CI 0.11–2.19, p 0.451).

We hypothesized that HAIs with a longer duration have a higher probability of being

recorded in PPS compared to shorter HAIs. As we could evaluate the same HAIs through both

the longitudinal and cross-sectional survey, we evaluated the probability of HAIs occurring

during H4LS of being recorded in the pilot PPS, according to HAI duration (Table 4). None of

the HAIs with a duration under 5 days were recorded in the pilot PPS, whereas an increasing

probability was found for progressively longer HAIs: 2.08% for HAIs lasting 5–10 days and

2.78% for HAIs lasting > 10 days.

Table 2. Resident-level characteristics and outcomes from the HALT4 longitudinal study (H4LS), stratified according to the occurrence of healthcare-acquired

infections (HAIs) during the study period; N = 147.

Residents with at least one HAI

(N = 99)

Residents not developing HAI

(N = 48)

All residents included in

H4LS

Male gender, n (%) 18 (18.2%) 14 (29.2%) 32 (21.8%)

Age, median (IQR) 88 (83–92) 84.5 (75.8–91.3) 87 (81–92)

Median length of stay prior to study start, median months

(IQR)

16 (6–50.5) 24.5 (13–52.3) 20 (8–51)

Charlson score, median (IQR) 2 (1–3) 1 (1–3) 2 (1–3)

Disoriented, n (%) 74 (74.7%) 42 (87.5%) 116 (78.9%)

Using a wheelchair or bedridden, n (%) 79 (79.8%) 39 (81.3%) 117 (79.6%)

Urinary and/or faecal incontinence, n (%) 83 (83.8%) 42 (87.5%) 125 (85%)

Urinary catheter, n (%) 4 (4%) 2 (4.2%) 6 (4.1%)

Vascular catheter, n (%) 2 (2%) 0 (0%) 2 (1.4%)

Previous SARS-CoV-2 infection, n (%) 60 (60.6%) 27 (56.3%) 87 (59.2%)

Residents requiring hospitalization during the study period and

reason, n (%)

Medical 12 (12.1%) 1 (2.1%) 13 (8.8%)

Surgical 1 (1%) 1 (2.1%) 2 (1.4%)

Diagnostic procedures 0 (0%) 0 (0%) 0 (0%)

Unknown 2 (2%) 0 (0%) 2 (1.4%)

Total number of hospitalizations

1 13 (19.19%) 1 (2.1%) 14 (9.5%)

2 1 (1%) 1 (2.1%) 2 (1.4%)

>3 1 (1%) 0 1 (0.7%)

Length of hospitalization, median days (IQR) 6 (2–12) 3 (1–7) 6 (2–11)

Deceased at end of follow-up, n (%) 19 (19.2%) 18 (37.5%) a 37 (25.2%)

HAI, healthcare-associated infection; H4LS, healthcare-associated infections and antimicrobial use in long-term care facilities longitudinal study; IQR: interquartile

range; SARS-CoV-2: severe acute respiratory syndrome Coronavirus 2.
ap <0.05 at Chi-squared test.

https://doi.org/10.1371/journal.pone.0300794.t002
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Discussion

HAIs in LTCF are a relevant public health and patient safety issue, with potential ramifications

throughout the broader health system. This study provided data on HAIs among LTCF resi-

dents measured simultaneously through two different study designs, a cross-sectional and a

longitudinal study, which applied similar definitions and standardized methods for data col-

lection. Cross-sectional studies allow to estimate prevalence proportions, and by design lack

prospective follow-up. Longitudinal designs allow to estimate incidence rates, however require

significantly more time and resources [17]. Considering the limited IPC resources of the LTCF

setting in particular, this study provided the rare opportunity to validate the methodology pro-

posed by the ECDC for prevalence to incidence conversion, which is an important step in

Table 3. Characteristics of healthcare-associated infections (HAIs) recorded through the pilot point prevalence

survey (PPS) and longitudinal study (H4LS).

Pilot PPS H4LS

Number of residents with an HAI (% over included

residents):

At least 1 HAI 3 (1.5%) 99 (67.3%)

1 HAI 3 (1.5%) 59 (40.1%)

2 HAI 0 21 (14.3%)

3 HAI 0 12 (8.2%)

4 HAI 0 7 (4.8%)

Overall incidence rate, per 1000 patient-days (PDs) 3.53

Ranking of most frequent HAI types, n (% over all

HAIs)

1˚ Skin infections: 1 (33.3%) COVID-19: 63 (39.4%)

2˚ Ear, eye, nose & mouth

infections: 1 (33.3%)

Lower respiratory tract

infections: 24 (15%)

3˚ Other infections: 1 (33.3%) Urinary tract infections: 23

(14.4%)

Incidence rate of most frequent HAI types, per 1000

PDs

1˚ COVID-19 1.39

2˚ Lower respiratory tract infections 0.53

3˚ Urinary tract infections 0.51

HAIs with microbiology results, n (% over all HAIs) 0 83 (51.9%)

Most frequently isolated organisms, n (% over HAIs

with microbiology results)

1˚ SARS-CoV-2 0 63 (75.9%)

2˚ Escherichia coli 0 5 (6%)

3˚ Proteus Mirabilis 0 3 (3.6%)

Time from admission to first HAI, median days

(interquartile range, IQR)

38 (15–190)

Length of infection, median days (IQR) 7 (5–10)

Infection outcome, n (% of all HAIs)

Hospitalization 11 (6.9%)

Death (HAI part of causal sequence/contributory

cause/sole cause)

1 (0.6%)

COVID-19, coronavirus disease 2019; HAI, healthcare-associated infection; H4LS, healthcare-associated infections

and antimicrobial use in long-term care facilities longitudinal study; IQR: interquartile range; PD, patient-day; PPS,

point prevalence survey; SARS-CoV-2: severe acute respiratory syndrome Coronavirus 2.

https://doi.org/10.1371/journal.pone.0300794.t003
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burden estimations [6, 7, 9]. Further, through this study it was possible to formulate hypothe-

ses on the underlying reasons for potential discrepancies between measured incidence and

estimates obtained through conversion of prevalence proportions.

Our primary hypothesis for this study was that in the LTCF setting, length-biased sampling

seen in acute-care may occur in the opposite direction: residents developing HAIs may be

under-represented in PPS, due to a greater chance of being transferred to acute-care facilities

or of dying, leading to underestimated HAI prevalence estimates [12]. Comparing HAI inci-

dence obtained from H4LS with the estimate calculated from HAI prevalence from the pilot

PPS, no significant difference was found, supporting the validity of the ECDC method. How-

ever, the lack of a significant difference could be due to the small number of events seen in the

longitudinal study, which is in line with previous reports. An Austrian study with a similar

design and which applied definitions based on the ECDC HALT project found an HAI inci-

dence of 2.1 episodes per 1000 patient-days in 2018 (COVID-19 cases were not included) [10].

Regardless of significance, the prevalence to incidence conversion method resulted in an

underestimation of one third of HAI incidence, which would have an important impact on

burden estimates. A possible explanation could be the overestimation of HAI duration in PPS.

As aforementioned, PPS do not allow to gather prospective information. The ECDC method

assumes that the time interval between HAI onset and date of the PPS represents 50% of HAI

duration. However, as suggested by results of this study, longer HAIs may have an increased

probability of being recorded in PPS. Therefore, we propose the simple solution of slightly

altering the conversion formula, by only taking into account the length of infection actually

measured through the PPS.

When applying the corrected formula, we still found HAI incidence remained underesti-

mated by 50%. Another solution could be applying inverse probability weighting, as proposed

for correcting length-biased sampling in PPS of HAIs in acute-care hospitals [12]. Further,

Doerken et al. have previously suggested that PPS of HAIs in acute-care hospitals should also

collect some follow-up data from included patients, namely any incident HAIs and discharge

dates [17]. Prospectively collecting data on HAI duration could also improve estimates, and

would require relatively less efforts compared to conducting a longitudinal study.

The main limitation of this study was the limited sample size. The small sample size is a con-

cern in the interpretation of the results, affecting generalizability, the lack of precision and reli-

ability and the risk of random variability. Further, participation of LTCFs in both projects was

voluntary, therefore we cannot exclude selection bias and make no claim of the representative-

ness of our results. Another important limitation was the requirement of informed consent for

participation in the longitudinal study, which may have introduced additional selection bias.

In conclusion, this study did not find significant differences between HAI incidence esti-

mates obtained from a longitudinal study and through conversion from PPS data. Given the

Table 4. Probability of healthcare-associated infections (HAIs) occurring during the longitudinal survey (H4LS) of being recorded in the pilot point prevalence sur-

vey (PPS), stratifying HAIs according to duration.

HAI duration cathegory Number of HAIs in H4LS Number of HAIs recorded in pilot PPS Probability of HAI being recorded in pilot PPS (%)

< 5 days 28 0 0

5–10 days 96 2 2.08

> 10 days 36 1 2.78

Overall 160 3 1.88

HAI, healthcare-associated infection; H4LS, healthcare-associated infections and antimicrobial use in long-term care facilities longitudinal study; PPS, point prevalence

survey.

https://doi.org/10.1371/journal.pone.0300794.t004

PLOS ONE Prevalence to incidence conversion for HAIs in LTCFs

PLOS ONE | https://doi.org/10.1371/journal.pone.0300794 March 21, 2024 10 / 12

https://doi.org/10.1371/journal.pone.0300794.t004
https://doi.org/10.1371/journal.pone.0300794


importance of burden estimates in informing policy-makers on rational allocation of health-

care resources, we hope to have contributed to achieving more accurate measurements of HAI

incidence in LTCF settings. Further studies applied in a larger sample size could provide more

reliable and accurate results.
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