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Background: Infectious disease in aging adults (≥61 years) often occurs in
combination with other health conditions leading to long hospital stays.
Detailed studies on infection in aging adults investigating this problem are
sparse.
Aim: To quantify the effect of primary and secondary diagnosed infections on
hospitalization bed-days among aging adult patients.
Design: Retrospective patient-file study.
Setting: Ziekenhuis Netwerk Antwerpen (ZNA) Hospital, a 1,858-bed general
hospital in Belgium, with 364 beds allocated to geriatric patients.
Data source: Database of hospitalized adult patients aged ≥61 years.
Methods: All adult patients aged ≥61 years hospitalized on two wards,
Geriatrics and Pulmonology, from 2010 to 2014 were included. Primary
diagnosed infections were defined as infections known at entry to be treated
first. Secondary diagnosed infections included infections known at entry but
treated in parallel to primary non-infectious causes of entry, infections
unknown at entry, and hospital-acquired (nosocomial) infections. Data were
analyzed by patient age, gender, year, ward type, bed-days of hospitalization,
infection rates, and seasonality.
Results: There were 3,306 primary diagnosed infections (18%) and 14,758
secondary infections (82%) identified in the two wards combined (54.7% of all
hospital stays at those 2 wards). Secondary diagnosed infections accounted
for a significantly higher proportion of hospitalizations in both wards (+40%
for Geriatric ward; +20% for Pulmonology ward; p < 0.001) and were
associated with a significantly longer average hospital stay (+4 days for
Geriatric ward; +5 days for Pulmonology ward; p < 0.001). Nosocomial
infections (12% for Geriatric ward; 7% for Pulmonology ward) were associated
with particularly high bed-days of hospitalization, at approximately +15 days
and +12 days on Geriatric and Pulmonology wards, respectively. Both wards
showed marked seasonality for respiratory infections with winter peaks.
Conclusion: Real-world data showed that secondary diagnosed infections in
aging adults imposed a high burden on hospital care along with longer
hospital stays. This hampered bed availability during peak seasons.
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Introduction

Infectious diseases in aging adults (aged ≥61 years) often

occur in the presence of multiple co-morbidities with frailty and

disability (1–6). This combination of infection and co-

morbidities should be assessed simultaneously to capture the

whole health situation of these patients (7–11). Although this

premise is established, studies reporting the total burden of

infectious diseases within this broader context are sparse.

Infections are often considered a minor healthcare problem and

may be dominated by other chronic and non-transmissible

diseases in aging adults, such as cardiovascular disease, cancer

or dementia (12–14). This may result in a limited focus on

infections in aging adults (15, 16). However, these diseases in

this group are serious and need improved disease management

(17, 18). Elderly patients are at high risk for healthcare-

associated (HA) or nosocomial infections due to the age-related

decline in the immune system, along with co-morbid conditions

that often complicate infections and diminish the ability to treat

them effectively. HA infections in elderly patients are therefore

responsible for longer hospital stays, extended antibiotic therapy,

significant mortality, and higher healthcare costs (19, 20).

Importantly, those infections are difficult to treat, and might

often be caused by antibiotic resistance (21, 22).

To explore the whole hospital infection issue amongst aging

adults in greater detail, an analysis of those infections was

conducted in one general hospital, the Ziekenhuis Netwerk

Antwerpen (ZNA), with 1,858 beds, in Antwerp, a large city

in Belgium. The aim of the study was to quantify the effect of

primary and secondary diagnosed infections on hospital bed-

days among aging adult patients. Two hypotheses were tested:

i) secondary diagnosed infections would be much more

prevalent in elderly patients than primary diagnosed

infections at hospital admission;

ii) elderly patients with primary diagnosed infections would

have shorter hospital stays than elderly patients with

secondary diagnosed infections.

Material and methods

Design

Retrospective patient-file study of hospitalized aging adults

(aged ≥61 years) over a five-year period from 2010 to 2014

(23). This period was selected because at that time hospital

data were collected uniformly, using the same software version.
Setting

ZNA is an 1,858-bed hospital, with 364 beds devoted to geriatric

patients. The hospital has 34 different wards where aging adults
Frontiers in Medical Technology 02
could be given care. The analysis focused on two of the wards,

Geriatrics and Pulmonology, with 296 and 56 operational beds,

respectively. These two wards were selected because they had a

high number of aging adult patients and a high frequency of

infections. The study received approval from the hospital medical

ethics committee on the 14th of August 2019 (Nr 5203). All data

were retrieved from the hospital database and were anonymized

before any analysis was undertaken.
Classification of infections

Infections, as reported in the database, were classified into 5

categories but were first grouped into two categories of patients

with infections known or unknown on admission (Figure 1),

using the code Present on Admission (POA). Primary

diagnosed infections were infections known on admission

where the infection was the cause of hospitalization and the

reason for initiating treatment. They were classified as

Category 1. Secondary infections were further divided into

subcategories. Category 2 were secondary diagnosed

infections, known at admission and intended to be treated

after treatment of the primary non-infectious disease, with no

additional nosocomial infection reported. Category 3 were

secondary infections that were present, known and diagnosed

at hospital admission, had a treatment delay as for Category

2, and manifested a nosocomial infection acquired during the

hospital stay. Category 4 were secondary infections unknown

on admission with no acquired nosocomial infection.

Category 5 were secondary infections unknown on admission,

occurring during the hospital stay with no other infection

present, and classified as nosocomial.
Data source

The digitalized hospital database used in this study

registered different diagnostic codes for each hospital stay.

The first code was based on the Belgian system of All Patient

Refined-Diagnosis Related Groups (APR-DRG), applied

during the period 2008–2014 to collect information for the

federal government using the Minimum Hospital Data system

(Minimale Ziekenhuis Gegevens (MZG)) (24). The MZG

system specified the ward, the bed-days of hospitalization, and

the classification of secondary infection and nosocomial

infection. A second code was based on the International

Classification of Diseases, Ninth Revision, Clinical

Modification (ICD-9-CM) (25). The ICD-9-CM code defined

whether an infection was present. The third code was the

Present on Admission (POA) parameter, indicating the

presence and type of infection on admission.

Over the study period, the database recorded 121,547 hospital

stays by 63,456 individual patients aged ≥61 years (Figure 1).
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FIGURE 1

Overview of the baseline information obtained at the start of the project about the study population and the objectives of the study program.
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Around 28% of the stays (34,493) were infection-related. Stays

were concentrated in a few wards (excluding the emergency

unit), as nine wards accounted for 75% of all stays. Two wards

(Geriatrics and Pulmonology) had above-average infection rates

for the target group and were selected for inclusion.
Data analysis

The total number of uniquely identified patient numbers in

the database defined the patient population. Each time the same

patient with his/her unique code was hospitalized, an additional

code was generated unique to that hospital stay. This stay code

was used several times if the patient visited different wards

during the stay. The number of stays divided by the number

of patients over a defined period resulted in the average

number of stays per patient per time unit (e.g., per year). The

number of bed-days of hospital stay, or the bed occupancy,

was based on the number of days billed and reported in the

database.

The data from each of the two wards selected were

categorized into nine five-year age groups, by gender and by

the category of infection. Average bed-days of hospital stay

was calculated for each infection category, and per year for

trend evaluation. Seasonality was reported by calculating the
Frontiers in Medical Technology 03
number of stays in each month in a year, pooled over the

five-year period and categorized as infection-related or not.

Estimates of the rate of infection (overall and per infection

category) per year by ward and age-group were calculated

based on the total hospital bed-days occupied per year,

divided by the number of infection-specific category events.

In general, data were reported per ward for the whole study

period first and subsequently per year when marked differences

were noted. It should be mentioned that the sum of the number

of patients per type of hospital stay was not equivalent to the

total number of patients overall because the same patient

could have different stays during the observation period.
Statistical analysis

Results were presented in absolute numbers per time unit,

as proportions with 95% confidence intervals (95% CI), or

average values with standard deviations, medians and ranges.

Statistically significant differences were reported using analysis

of variance (ANOVA) testing for trend results and the

comparison of mean results (F-test, p < 0.05). Proportions

were compared using Chi-square testing, p < 0.05.

Length of hospitalization varied between patients, and

outlying values resulted in skewed distributions. Distribution
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slopes were therefore added using a best-fit analysis to make fair

comparisons between the different groups. Accumulated

probability density distributions were designed as a function

of the number of bed-days of hospital stay. The median value

of the slope indicated the magnitude of the difference in bed-

days between groups. These distribution slopes for the

hospitalization bed-days were calculated by infection category

for each of the two wards. CI estimates at 95% were reported,

and calculated using an add-in Excel software program, @Risk

8.2, Palisade, 2021, Raleigh, US.

All other statistical results were generated using STATA 17,

2021, Texas, US.
Results

A total of 21,987 patients met the criteria for inclusion and

the two wards had a total of 32,994 hospital stays, with Geriatric

patients at 24,101 stays, and Pulmonology patients at 8,893.

Infection data were available for 18,064 stays on the two

wards (12,748 for Geriatrics and 5,316 for Pulmonology).

Figures 2A,B, 3A,B show the distribution of the stays on the

Geriatric and Pulmonology wards by age, sex and infection

category. The majority (66%) of patients admitted to the

Geriatric ward were female, with an age range from 61 to 106

years and an average age of 84 years (standard deviation: 6.6

years, median: 84 years). Forty-one percent of patients

admitted to the Pulmonology ward were female, with an age

range from 61 to 103 years and an average age of 74 years

(standard deviation: 8.3 years, median: 74 years) (t-test of

female average age in Pulmonology vs. Geriatric ward: 78.77;

df = 19,584; p < 0.0001). There was a statistically higher rate of

infection in the Pulmonology ward compared with the

Geriatric ward (Tables 1, 2; 59.8% and 52.9%, respectively;

Chi-Square, 124.3; df = 1; p < 0.0001).

Trend analysis of changes in the age distribution of the

patient population over time, and hospital stays and bed-days

per year, are reported in Figure 4A,B for the Geriatric ward

and in Figure 5A,B for the Pulmonology ward. The age

structure of the patient population in the Geriatric ward

shifted slightly to the right over time (blue arrows), but the

accumulated hospital bed occupancy (bed-days occupied) per

year decreased from 102,401 days in 2010 to 83,835 days in

2014 (−18%), while hospital stays per year peaked in 2012 at

4,994 stays but remained approximately stable between the

years 2010 and 2014 at around 4,720 stays per year (+0.5%).

This was in contrast with the Pulmonology ward, where all

parameters decreased from 2010 to 2014 (age distribution

(−14%; 1,586/1,846), bed-days (−30%; 11,823/16,885), and

hospital stays (−14%; 1,582/1,839).
Table 1 outlines the number of hospital stays on the

Geriatric ward for the whole study period, with the average

overall bed-days by infection category. A total of 12,748 of the
Frontiers in Medical Technology 04
24,101 hospital stays on the Geriatric ward were infection-

related (52.9%; 95% CI, ±0.6%). It should be noted that the

range of duration (last column in Tables 1, 2) had a

minimum value of 1 day because any patient of the group

hospitalized for a minimum of 1 day for a check-up or for an

intravenous drug administration defined the lowest value of

the range of the duration for the group.

Primary infections accounted for 6.5% of all stays (1,560/

24,101), and secondary infections unknown at entry for 37.6%

(9,058/24,101). The number of hospital stays per patient

indicated how often the same patients may have returned.

This was low for primary infections and nosocomial

infections, but not for other categories of secondary infections.

Of infections known at admission, primary infections

(Category 1) represented 42.3% (1,560/3,690), secondary

infections identified on admission with no nosocomial

infection (Category 2) represented 47.9% (1,768/3,690) and

known infections with additional nosocomial infection

(Category 3) was a small group, accounting for 9.8%, (362/

3,690). Of secondary infections unknown on admission, those

with no nosocomial infection (Category 4) represented 72%

(6,521/9,058), and nosocomial infections alone (Category 5)

represented 28% (2,537/9,058).

Hospital stays with unknown secondary infections were

much more common (9,058; 71.0%) than known secondary

infections (2,130; 16.7%) or primary infections (1,560; 12.3%)

(Chi-square: 223.14; p < 0.0001). The median number of bed-

days of hospitalization was 18 days across all infection

categories, with higher median bed-days of up to 26 days for

nosocomial infections (Table 1).

More infections occurred in women (8,418/15,900) than

in men (4,319/8,181) (Figure 2A), but the percentage with

infections was similar, around 53% (Chi-square: 0.22; p =

0.8248). A comparison between 2010 and 2014 showed a

significantly larger increase in infections in men aged ≥80
years (increase of 107 cases; (+32%; 538 to 645) and 336

additional stays (1,187 to 1,523)) than women aged ≥80
years (increase of 12 cases; (7%; 1,291 to 1,303) and 164

additional stays (2,692 to 2,856)) (Chi-square: 6.06; p <

0.0001). The average bed-days of hospital stay on the

Geriatric ward decreased overall from 21.29 days in 2010 to

16.83 days in 2014 (ANOVA, F-value: 58.92, p < 0.0001)

(Figure 6).

All nosocomial infections together accounted for 12% of

Geriatric ward stays ((362 + 2,537)/24,101). Across the study

period, the average bed-days of nosocomial infections was

approximately 15 days longer than primary infections.

However, the average bed-days of hospital stay decreased

over time for nosocomial infections, from 32.61 days in

2010 to 26.27 days in 2014 (ANOVA: F-value: 13.64; p <

0.0001) (Figure 6). The absolute difference between the

shortest infection average stay and the nosocomial infection

average stay improved only slightly over time, by 2 days,
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FIGURE 2

(A) Distribution of hospital stays (cumulative over the observation period) by age and gender in the geriatric ward. (B) Distribution of hospital stays
(cumulative over the observation period) by infection category in the geriatric ward.
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from 16 days difference in 2010 to 14 days difference

in 2014.

The rate of infection by age group and category over the

whole observation period is presented in Figure 7. A

significant linear increase in infection rate by age group for

overall infection, linked to secondary infection (Categories

2 & 4), was seen.

Although annual bed-days and annual hospital stays both

decreased over time in the Pulmonology ward (Figure 5B),

this was not so clearly seen in the Geriatrics ward where

annual stays peaked in the middle of the observation period
Frontiers in Medical Technology 05
while annual bed-days decreased slightly over the period

(Figure 4B). The remaining high stay may be explained by

the gradual infection rate increase by age seen in Figure 7,

linked to the aging population demographic by year

(Figure 4A).

Figure 8 shows observed data per year for the average

bed-days by infection category linked to the resulting rate

of infection measured. The pattern of lower bed-days

linked to higher rates was observed for all infection

categories in both wards. A regression equation was

constructed to predict the numbers outside the reported
frontiersin.org
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FIGURE 3

(A) Distribution of hospital stays (cumulative over the observation period) by age and gender in the pulmonology ward. (B) Distribution of hospital
stays (cumulative over the observation period) by infection category in the pulmonology ward.
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data (R2 = 0.99) and plotted in Figure 8 as “simulated

equation”. High average hospitalization bed-days, as seen

in 2010, were linked to lower rates of infection observed

because of the limitations of bed availability in the ward,

while lower average bed-days as seen in 2014 were linked

to higher rates of infection.

Finally, based on the data reported in Table 1, an excess in

hospital bed-days was calculated for secondary (Categories 2 &

4) and nosocomial infections (Categories 3 & 5) taking the

average bed-days of a primary infection as a reference. The

excess number of hospital bed-days for secondary infections

and nosocomial infections was 54% (+51,070 bed-days) and
Frontiers in Medical Technology 06
46% (+44,229 bed-days), respectively, compared with primary

infections.

As outlined in Table 2, data for Pulmonology ward

patients differed from Geriatric ward patients. Of the

8,893 total Pulmonology ward hospital stays, 5,316

(59.8%; 95% CI, ±1%) were infection-related, a higher

proportion than in the Geriatric ward. The data on

hospital stays showed that primary infections (Category 1)

accounted for 19.6% of all stays (1,746/8,893), and

secondary infections unknown at admission accounted for

only 17.2% (1,531/8,893) (Figure 3B). Nosocomial

infections (Categories 3 & 5) accounted together for 6.6%
frontiersin.org
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TABLE 1 Hospital stays in the geriatric ward by number of patients, number of stays, bed-day of stays, and infection category (#) for the period
2010–2014.

# Specification Stays % Patients # stay/
patient

Accumulated
hospital
bed days
occupied

Median
bed-day
(days)a

Average
bed-day
(days)a

SD Range
(Min-Max)

(days)

Overall

Total patient population 24,101 16,678 1.45 473,292 16 19.88 15.17 1–226

No infection 11,353 47.1% 9,196 1.23 199,856 15 17.76 17.76 1–183

Infection 12,748 52.9% 9,814 1.30 273,436 18 21.61 16.33 1–226

Known at admission 3,690 28.9% 3,325 1.11 61,355 13 16.82 13.65 1–149

4 + 5 Unknown at admission 9,058 71.1% 7,568 1.20 212,081 20 23.56 16.92 1–226

Infection known at admission 3,690 15.3%

1 Primary 1,560 42.3% 1,434 1.09 21,799 12 14.14 10.18 1–98

2 Secondary only 1,768 47.9% 1,587 1.11 29,061 14 16.54 12.30 1–96

3 Secondary + nosocomial 362 9.8% 357 1.01 10,495 24 30.06 22.86 1–149

2 + 3 Sum secondary known 2,130 57.7% 1,891 1.13 39,556 15 17.74 15.59 1–149

Infection unknown at
admission

9,058 37.6%

4 Secondary only 6,521 72.0% 5,619 1.16 137,837 18 21.26 14.82 1–217

5 Nosocomial only 2,537 28.0% 2,428 1.04 74,244 26 29.45 20.22 1–226

Max, maximum; Min, minimum; MZG, Minimale Ziekenhuis Gegevens; SD: Standard Deviation.
aBased on “G” code of MZG index.

TABLE 2 Hospital stays in the pulmonology ward by number of patients, number of stays, bed-day of stays, and infection category (#) for the
period 2010–2014.

# Specification Stays % Patients # stay/
patient

Accumulated
hospital bed
days occupied

Median
bed-day
(days)a

Average
bed-day
(days)a

SD Range
(Min-Max)

(days)

Overall

Total patient population 8,893 5,309 1.68 75,683 6 8.51 9.35 1–153

No infection 3,577 40.2% 2,434 1.47 18,523 2 5.17 6.58 1- 64

Infection 5,316 59.8% 3,559 1.49 57,160 8 10.89 10.24 1–153

Known at admission 3,785 71.2% 2,617 1.45 39,227 8 10.47 9.08 1–124

4 + 5 Unknown at admission 1,531 28.8% 1,285 1.19 17,933 9 11.94 12.61 1–90

Infection known at admission 3,785 42.6%

1 Primary 1,746 46.1% 1,395 1.25 14,860 7 8.51 6.83 1–73

2 Secondary only 1,790 47.3% 1,328 1.35 19,300 9 10.78 8.48 1–124

3 Secondary + nosocomial 249 6.6% 241 1.03 5,067 17 20.34 16.81 1–90

2 + 3 Sum secondary 2,039 53.9% 1,504 1.36 24,367 9 11.95 10.40 1–124

Infection unknown at
admission

1,531 17.2%

4 Secondary only 1,192 77.9% 1,009 1.18 11,808 8 9.90 9.68 1–75

5 Nosocomial only 339 22.1% 332 1.02 6,125 13 18.07 18.32 1–153

Max, maximum; Min, minimum; MZG, Minimale Ziekenhuis Gegevens; SD, Standard Deviation.
aBased on “D” code of MZG index.

De Cock et al. 10.3389/fmedt.2022.912469
((249 + 339)/8,893). The median number of bed-days of

hospitalization across all infection categories in the

Pulmonology ward was 8 days, considerably lower than in

the Geriatrics ward.
Frontiers in Medical Technology 07
Of all the registered hospital infection stays there was a

higher proportion of primary infections on the Pulmonology

ward than on the Geriatric ward (32.8% (1,746/5,316) vs.

12.2%, Chi-square: 32.66; p < 0.0001), and a lower
frontiersin.org

https://doi.org/10.3389/fmedt.2022.912469
https://www.frontiersin.org/journals/medical-technology
https://www.frontiersin.org/


FIGURE 4

(A) Time trend in the age distribution per year for the geriatric ward. (B) Time trend for accumulated hospital bed-days (bars) with hospital stays (line)
per year in the geriatric ward.
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proportion of secondary infections (67.2% (3,570/5,316) vs.

87.8%, Chi-square: 32.66; p < 0.0001). There was also a lower

proportion of nosocomial infections in the Pulmonology

ward than in the Geriatric ward (11.1% (588/5,316) vs.

22.7%, Chi-square: 18.11; p < 0.0001). The average bed-days

of hospital stays in the Pulmonology ward decreased from

9.2 days in 2010 to 7.5 days in 2014 (ANOVA, F-value =

9.84, p < 0.0001). The average bed-days of hospital stays in

the Pulmonology ward also decreased over time for
Frontiers in Medical Technology 08
nosocomial infections (Category 5), from 21.80 days in 2010

to 18.12 days in 2014. However, the decrease was not

statistically significant (ANOVA, F-value = 0.73; p = 0.57).

There was also an overall decrease in hospital stays among

younger men and women patients. The number of stays

decreased by 123 days (25%) between 2010 and 2014 for

women and by 139 days (22%) for men. Over the study

period, nosocomial infections in the Pulmonology ward were

associated with approximately 12 days higher average bed-
frontiersin.org
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FIGURE 5

(A) Time trend in the age distribution per year for the pulmonology ward. (B) Time trend for accumulated hospital bed-days (bars) with hospital stays
(line) per year in the pulmonology ward.
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days of hospitalization than primary infections (Table 2).

Finally, the rate of infection was stable across the different

age-groups considered (around 7 infections per 100 bed-days

occupied in the group aged ≤90 years old, increasing to

much higher rates for the oldest age group (>25 for the

group aged ≥91 years). Figure 8 reports for the

Pulmonology ward the observed relationship between
Frontiers in Medical Technology 09
average bed-days by infection category per year and the rate

of infection. Those data (circles) are obviously more to the

left of the curve, as compared with the Geriatric ward

(squares). The excess hospital bed-days for secondary and

nosocomial infections were in the opposite direction from

the Geriatric ward, more for nosocomial infections (52%;

+6,188 bed days) than for secondary infections (48%; +5,729).
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FIGURE 6

Average hospital bed-days by infection category over the years of observation for the geriatric ward.

FIGURE 7

Infection rate overall and for the different infection categories per 1,000 bed-days occupied during the observation period (2010–2014) by age group
in the geriatric ward.
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Adding distribution slopes using a best-fit analysis to make

fair comparisons between different subgroups changed the slope

of hospitalization bed-days. Figure 9A,B show the slope

distributions of accumulated probabilities for different
Frontiers in Medical Technology 10
infection categories for the Geriatric ward and the

Pulmonology ward, respectively. In the Geriatric ward, the

curve for primary infection was furthest to the left

(Figure 9A), indicating that number of hospitalization bed-
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FIGURE 8

The observed relationship between average bed-days per stay by infection category measured per year and the rate of infection for each category in
the geriatric (squares) and pulmonology wards (circles). G, Geriatric; P, Pulmonology.
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days was generally lower when a known infection at entry, the

cause of hospitalization for treatment, was the primary

diagnosis. Known secondary infections increased the bed-days,

and nosocomial infections extended the length of hospital

stays considerably.

Hospital bed-days on the Pulmonology ward (Figure 9B)

were generally lower than on the Geriatric ward and the

curves for no infection, primary infection and secondary

infection were clustered together. Nosocomial infections were

associated with a considerably longer stay than any other

infection (Figure 9B). The curves for the Pulmonology ward

reached the top earlier than the curves for the Geriatric ward,

reflecting the longer maximum stay on the Geriatric ward of

226 days (Table 1), compared with 153 days on the

Pulmonology ward (Table 2).

Figures 10 shows the percentage of stays in each month for

the Geriatric ward and the Pulmonology ward, respectively. The

most prevalent infectious diseases were respiratory infections on

both wards. A full description of the infection presentations per

category and per ward is presented in Supplementary

Materials. It should be mentioned that the infection profile

was different in the groups of Category 1 (primary infection)

vs. Categories 2 & 4 (secondary infection only), and

Categories 3 & 5 (nosocomial infection). However, as

expected, overall infections in the Pulmonology ward showed
Frontiers in Medical Technology 11
a strong seasonal pattern (Figure 10), with infections peaking

in the winter months (95% CI between 5% and 8%).

Respiratory diseases in the Geriatric ward showed a similar

but more pronounced seasonal pattern (Figure 10) (95% CI

between 3% and 5%).
Discussion

This retrospective study provides real-world data on the

pattern of infections in hospitalized aging adults (≥61 years)

over a five-year period in a 1,858-bed city hospital in Belgium

with 364 geriatric beds. The study particularly considered the

type of infection, defined by its time of diagnosis, linked to

the duration of hospital care. The study did not look at

differences in infectious diseases linked to their severity levels

but had a focus on presence or absence of infection. The

results confirmed our two initial hypotheses, as there were

more secondary than primary infections in both wards

studied, and the average number of bed-days of

hospitalization was significantly higher for secondary

infections. This was particularly true for nosocomial

infections. The results showing excess bed-days for secondary

infections compared with primary infections illustrated the

size of the resulting healthcare burden. The extended hospital
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FIGURE 9

(A) Slope of hospitalization bed-days for different infection categories in the geriatric ward. (B) Slope of hospitalization bed-days for different
infection categories in the pulmonology ward.
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stays may also have consequences for recovery. The occurrence

and severity of secondary infections were linked to age, the

presence of co-morbidities and frailty (26). Although average

hospitalization bed-days across all infections decreased over
Frontiers in Medical Technology 12
the study period, possibly reflecting changes in infection

management, the additional hospitalization bed-days

associated with nosocomial infection compared with primary

infection showed little change over time (27). This suggests
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FIGURE 10

Cumulative seasonality trends for overall infections in the pulmonary ward and for respiratory diseases in the geriatric ward.
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that the complexity of treatment and the protracted recovery for

patients with nosocomial infections may be related more to the

patient profile than to the infection management policy. This

potential explanation will be the subject of a further

evaluation of the data, exploring the link between infection

type and its cause and patients’ health condition and other

demographic characteristics. It may prove challenging to

address those links as demographic changes further increase

the average age of hospitalized patients. It may be possible

that improvements in ward organization could help recovery

by offering more focused bedside care and interventions to

avoid sarcopenia, delirium, and frailty (2).

The point to make about those study results related to health

technology assessment is that working with an average value for

the duration of hospital stay of an infection may undervalue the

true number. The latter could be much higher related to the level

of heterogeneity present in the data for demographic criteria and

health conditions with the presence or absence of co-morbidities.

Infections in hospital care cannot be summarized into one

number, but it needs a detailed evaluation so that the reality of

the problem may appear.

Meanwhile, in this analysis the calculation of infection rate

estimates were explored amongst the patients under study.

Those rates were approximate estimates of the real infection

rate in the population, because the data were influenced by

limiting factors such as bed-day management rules, bed

capacity, or seasonality of the infection causing peaks. It was

interesting to note (as shown in Figure 7) that the overall

infection rate in the Geriatric ward increased with age, which
Frontiers in Medical Technology 13
could be the result of secondary and nosocomial or HA

infections that correlated well with the overall increase.

Analyzing combined data from the Geriatric and

Pulmonology wards in more depth indicated that predictions

can be made about incoming rates of infection from the

reduction in hospitalization bed-days by infection category and

ward type (Figure 8). This could be informative for hospital

management and may allow adjustment of beds needed by

ward type depending on infection category. The sustained

reduction in hospital stays linked to the reduction in bed-days

occupied in the Pulmonology ward (Figure 5B), could be

explained by elements such as a real measured reduction in

infections in this age group, or shifts of treatment to outpatient

care or other wards such as the Geriatric ward. The same

profile did not appear in the Geriatric ward, indicating that the

Geriatric ward was operating during the study period at its

limits of maximum capacity.

Nosocomial or HA infections were complex to handle and

needed more dedicated nursing and medical supervision,

increasing the burden on hospital resources (28). The seasonal

pattern in infections observed on both wards had the potential

to place severe pressure on bed occupancy during winter peak

periods, with potential challenges for infection management.

Under-capacity and high bed occupancy may affect quality of

care, as has previously been observed in pediatric wards (29),

and may also place healthcare professionals at higher risk of

infection. Seasonal pressure could be mitigated by seasonal

reorganizations on wards treating aging adults, adapting the

number of staff and hospital beds during winter to improve
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patient care, improve the work environment and decrease

burnout risk in healthcare professionals.

The high numbers and long hospital stays of patients with

secondary infections could be an important source of in-

hospital infection, potentially increasing treatment resistance

over time (30–32). Current healthcare structures bring large

numbers of patients, who may be vulnerable because of other

health conditions and age-related immune decline, together in

dense environments. This can dramatically increase infection

transmission. The present results showed that the pool of

secondary infections was large, around 40% of the activity in

Pulmonology and over 45% in Geriatrics. Strategies are needed

to reduce the problem. In addition to better prevention, safer

procedures, better diagnostics or better testing, new

construction concepts for high-risk wards might reduce the risk

of nosocomial infection. These elements are currently being

evaluated by the VITAL-IMI project, a research program on

aging adults and infectious diseases in Europe sponsored by

Horizon 2020 and the European Federation of Pharmaceutical

Industries and Associations (EFPIA) (33).

Although both wards experienced high rates of infection,

the Pulmonology ward had a lower number of unknown

infections at entry and a more pronounced relative difference

in length of stay between patients with nosocomial infections

and the other groups than the Geriatric ward. The Geriatric

ward had a stronger link than the Pulmonology ward to the

Emergency unit, where screening for infection should be

recommended. The decrease in Pulmonology stays and the

increase in Geriatrics stays observed over the study period

may indicate a potential shift from Pulmonology to Geriatrics

in this period.

The data for this study were uniformly collected from 2010 to

2014 throughout the period of observation, to limit the potential

for bias resulting from new rules of registration or new ways to

manage healthcare programs. Changes in the software

programs effectively occurred in the years following the

evaluation period, with the removal of the MZAG-code for

nosocomial infections and a shift from ICD-9 to ICD-10 codes.

Changes in software registries are now happening frequently, as

computer systems and programs are becoming more powerful

and capable of embracing more data, improving the potential

for data collection and evaluation (34). Furthermore, this study

was conducted on data from patients aged ≥61 years admitted

to a single large general hospital in Belgium. Therefore,

although the results may highlight issues that may be

important in other hospitals with similar settings, they may not

be applicable to other patient populations in different countries

and different settings. More recent data could be collected and

analyzed to obtain the same quality in registration and coding

to update the analysis carried out in this study.

This study used hospital database data to demonstrate that

amongst hospitalized aging adults secondary infections were more

common than primary infections and were associated with longer
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hospital stays. However, the secondary group of infections are

often not reported in official statistics. Only primary diagnosed

and nosocomial infections are shown, resulting in a clear

underreporting of the true healthcare problem of infections in

hospital care. There is therefore a need to report those data and

to develop improved healthcare solutions for management of

secondary infections in aging adults (35, 36).
Conclusion

The analysis method developed and the results obtained

from this study should be helpful for healthcare authorities

and decision-makers to better understand the full potential

burden of infections in hospitalized aging adults and its

relationship to the problem of bed availability. This study may

provide baseline figures from a period before the COVID

pandemic, and may also be of value for health economic

evaluations of proposed new intervention options. In addition,

government, private and international bodies working on

providing healthcare may find the information useful to

determine management and future strategies to tackle

secondary diagnosed infections in aging adults. For many of

the infections seen in this environment, preventative measures

such as improved hygiene in hospital care and/or better

implementation of vaccination programs, could substantially

reduce the critical healthcare issue of extended hospital stays.
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