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Abstract
Background  To mitigate hospital-acquired transmission of coronavirus disease 2019 (COVID-19), various prevention 
and control measures have been strictly implemented in medical institutions. These stringent measures can 
potentially reduce the incidence of hospital-acquired respiratory infections. This study aimed to assess if there were 
changes in the prevalence of hospital-acquired respiratory infections during a period of national attention focused on 
COVID-19 prevention.

Methods  A retrospective analysis of the clinical data from adult patients with hospital-acquired respiratory infections 
admitted between October and December 2019 and during the same period in 2020 was performed. All patients 
were referred from a general hospital in Beijing China and COVID-19 patients were not treated at the hospital. 
Hospital-acquired respiratory infections were diagnosed based on the criteria of the Centers for Disease Control 
and Prevention/National Healthcare Safety Network (CDC/NHSN). A comparison of the incidence and mortality rate 
of hospital-acquired respiratory infections between the two selected time periods was conducted. Additionally, 
multivariate logistics regression analysis was used to identify mortality-associated risk factors.

Results  This study included 2,211 patients from October to December 2019 (pre-COVID-19 pandemic) and 2,921 
patients from October to December 2020 (during the COVID-19 pandemic). The incidence of hospital-acquired 
respiratory infections in 2019 and 2020 was 4.7% and 2.9%, respectively, with odds ratio (OR): 0.61, 95% confidence 
interval (CI): 0.46–0.81, and P = 0.001. In-hospital mortality of hospital-acquired respiratory infections in 2019 and 
2020 was 30.5% and 38.4%, respectively, with OR: 1.42, 95%CI: 0.78–2.59, and P = 0.25. Multivariate logistics regression 
analysis revealed that a history of previous malignancy (OR: 2.50, 95%CI: 1.16–5.35, P = 0.02), was associated with 
in-hospital mortality.
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Introduction
Healthcare-associated infections (HAIs) have emerged 
as the most prevalent adverse events in medical institu-
tions, affecting approximately 5-15% of inpatients [1]. In 
mainland China, the prevalence of HAIs is estimated to 
be around 3.12% [2]. These infections can lead to sev-
eral detrimental consequences, such as prolonged hos-
pital stays, increased rates of bacterial drug resistance, 
escalated medical expenses, and higher mortality rates, 
thereby imposing a substantial socioeconomic burden. 
Studies have demonstrated that patients with HAIs expe-
rience significantly extended hospital stays, with an aver-
age duration of 25.05 days, contrary to 7.10 days for those 
without HAIs [3]. Among HAIs, respiratory infections 
are the most common, accounting for 14.9% of cases, 
with hospital-acquired pneumonia (HAP) and lower 
respiratory tract infections accounting for 14.9% and 4.1% 
of cases, respectively [4]. Interestingly, a study conducted 
in the United States revealed that pneumonia accounted 
for 26% of HAIs in 2018 [5]. Meanwhile, a Chinese study 
demonstrated that 43.8% of HAIs were respiratory infec-
tions, followed by blood infections (15.74%), urinary sys-
tem infections (12.69%), surgical site infections (8.58%), 
and gastrointestinal infections (7.43%) [6].

The coronavirus disease 2019 (COVID-19) has rapidly 
spread worldwide since January 2020. To combat this, the 
Chinese government has implemented robust prevention 
and control measures, including mandatory mask-wear-
ing in public places, promoting hand hygiene, improv-
ing room ventilation, discouraging crowded spaces, and 
canceling large gatherings. Moreover, specific preven-
tive measures have been strictly enforced within medical 
institutions to prevent the transmission of COVID-19, 
such as patients who tested positive for COVID-19 were 
treated in specialized infectious disease hospitals, mini-
mizing unnecessary hospital visits, restricting and desig-
nating caregivers, ensuring at least 1-m spacing between 
hospital beds, closely monitoring adherence to hand 
hygiene protocols, and mandating the use of N95 masks 
and protective equipment. Additionally, these mea-
sures may also have implications for hospital-acquired 
respiratory infections. To date, relatively few studies 
have explored the impact of COVID-19 prevention and 
control measures on the incidence of HAIs, and the 
results have been inconsistent [7, 8]. We conducted this 
study to assess any potential changes in the prevalence 

of hospital-acquired respiratory infections during the 
COVID-19 pandemic.

Methods
Study design and settings
A retrospective observational study was conducted at a 
tertiary teaching hospital in Beijing, China. This study 
included adult inpatients diagnosed with hospital-
acquired respiratory infections who were hospitalized 
during two periods: October to December 2019 (pre-
COVID-19 pandemic) and October to December 2020 
(during the COVID-19 pandemic). Patients with COVID-
19 were not treated at the hospital as they were admit-
ted to designated medical institutions, according to the 
prevention and control policy of China for COVID-19 
at that time. The exclusion criteria were as follows: (1) 
patients < 18 years old; (2) patients undergoing immuno-
suppressive treatment or chemotherapy during the last 
three months. In the case of multiple episodes of hospi-
tal-acquired respiratory infections, only the first episode 
was considered for inclusion in the study.

We retrieved data from the electronic medical records. 
The extracted information included gender, age, admis-
sion to hospital pre- or during the COVID-19 pandemic, 
length of hospital stay, underlying diseases, laboratory 
parameters, diagnosis and outcomes, as presented in 
Table 1. In this study, the exposure variable was whether 
admitted during the COVID-19 pandemic (October to 
December   2020). The primary outcome was the inci-
dence of hospital-acquired respiratory infections pre- 
and during the COVID-19 pandemic. Moreover, we 
analyzed the in-hospital mortality rate and risk factors 
for mortality of hospital-acquired respiratory infections.

Screening criteria
Patients discharged with a diagnosis of pneumonia, bron-
chitis, or respiratory infections were screened out using 
the international classification of disease (ICD) codes 
on the first page of medical records (ICD codes refer to 
Supplementary Appendix 1). We reviewed the medical 
records of these patients and determined whether they 
had a hospital-acquired respiratory infection following 
the Centers for Disease Control and Prevention/National 
Healthcare Safety Network (CDC/NHSN) surveillance 
definition of healthcare-associated Infections [9] (refer to 
Supplementary Appendix 2).

Conclusions  The incidence of hospital-acquired respiratory infections was significantly decreased following the 
implementation of various prevention and control measures during the COVID-19 pandemic. A history of previous 
malignancy was associated with higher in-hospital mortality in older inpatients with hospital-acquired respiratory 
infections.

Keywords  Hospital-acquired respiratory infections, Infection prevention, Older patients
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To ensure accuracy and reliability, two attending spe-
cialists further validated the diagnosis based on the 
CDC/NHSN diagnostic criteria.

Definitions and diagnostic criteria
CDC/NHSN defined hospital-acquired infections as a 
localized or systemic condition resulting from an adverse 
reaction to the presence of an infectious agent(s) or its 
toxin(s). The infection must not be present or in the incu-
bation period at the time of admission.

Upper respiratory infections include upper respira-
tory tract, pharyngitis, laryngitis, and epiglottitis. Lower 
respiratory infections were defined as bronchitis, tra-
cheobronchitis, bronchiolitis, and tracheitis, without evi-
dence of pneumonia.

CDC/NHSN considered patients as HAP if two or 
more serial chest radiographs demonstrated at least one 
of the following: (1) New or progressive and persistent 
infiltrated; (2) Consolidation; (3) Cavitation. For any 
patients, at least one of the following: (1) Fever with no 

Table 1  Demographic and clinical characteristics of patients with hospital-acquired respiratory infections
Variables In 2019(n = 105) In 2020(n = 86) P value
Gender
  Male 40 (38.1%) 51(59.3%) 0.71
Age 86 (77, 90) 85(70.5, 90) 0.50
Comorbidities* 102(97.1%) 86(100%) 0.31
  Chronic respiratory disease 31 (29.5%) 23(26.7%) 0.67
  Hypertension 72 (68.6%) 58(67.4%) 0.87
  Diabetes Mellitus 26 (24.8%) 32(37.2%) 0.06
  Cerebrovascular disease 68 (64.8%) 60(69.8%) 0.46
  CKD 31 (29.5%) 10(11.6%) 0.003
  Chronic liver diseases 3 (2.9%) 1(1.2%) 0.76
  History of malignant tumors 22 (21%) 17(19.8%) 0.84
  Cardiovascular disease 59 (56.2%) 50(58.1%) 0.79
Bedridden 58 (55.2%) 69(80.2%) 0.00
Nasal feeding 60 (57.1%) 58(67.4%) 0.15
Antibiotics-use in the last 3 months 58 (55.2%) 33(38.4%) 0.02
gastrointestinal hemorrhage 21 (20%) 9(10.5%) 0.07
Cardiovascular events 86 (81.9%) 72(83.7%) 0.74
Severe pneumonia 32 (30.5%) 18(20.9%) 0.14
Number of antibiotics** 3 (2, 4) 2(1, 4) 0.36
Days of antibiotics 19 (14, 35) 18.5(11.75, 28.75) 0.34
Cases with sputum culture (n,%) 81 (77.1%) 69 (80.2%) 0.61
  Cases with positive sputum culture 45 (55.6%) 31 (44.9%) 0.19
Sputum samples (n) 270 167 -
  Unqualified sputum samples (n,%) 114 (42.22%) 104 (62.27%) 0.00
  No growth (n,%) 25 (9.26%) 10 (5.99%) 0.22
  Positive sputum culture (n,%) 131 (48.52%) 53 (31.74%) 0.01
  Pseudomonas aeruginosa (n,%) 56 (20.74%) 19 (11.38%) -
  Klebsiella pneumonia (n,%) 30 (11.11%) 8 (4.79%) -
  Staphylococcus aureus (n,%) 21 (7.78%) 10 (5.99%) -
  Acinetobacter baumannii (n,%) 10 (3.70%) 8 (4.79%) -
  Enterobacter cloaca (n,%) 0 (0%) 6 (3.59%) -
  Escherichia coli (n,%) 7 (2.59%) 2 (1.19%) -
  stenotrophomonas maltophilia (n,%) 4 (1.48%) 2 (1.19%) -
  Proteus mirabilis (n,%) 6 (2.22%) 0 (0%) -
  Serratia marcescens (n,%) 1 (0.37)% 0 (0%) -
  Yeast (n,%) 6 (2.22%) 6 (3.59%) -
  Others (n,%) 17 (6.29%) 3 (1.79%) -
Length of stay in hospital 40 (21, 71.5) 35(21, 54) 0.42
*:Comorbidities: the number of cases presenting with at least one of the following underlying conditions: chronic respiratory disease, hypertension, Diabetes 
Mellitus, hyperlipemia, cerebrovascular disease, CKD, chronic liver disease, history of malignant tumors and cardiovascular disease. CKD: chronic kidney disease. 
Days of antibiotics: cumulative duration of antibiotic therapy

** Number of antibiotics: kinds of antibiotics used during admission days, including aminopenicillins, penicillin/enzyme inhibitors, quinolones, macrolides, 
cephalosporins, oxycephalosporins, aminoglycosides, carbapenems, glycopeptides, and others
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other recognized cause; (2) Leukopenia (< 4,000 white 
blood cells (WBC)/mm3) or leukocytosis ( ≧ 12,000 
WBC/mm3); (3) For adults ≧ 70 years old, altered men-
tal status with no other recognized cause. And at least 
2 of the following: (1) New onset of purulent sputum or 
change in character of sputum or increased respiratory 
secretions or increased suctioning requirements; (2) New 
onset or worsening cough, or dyspnea, or tachypnea; 
(3) Rales or bronchial breath sounds; (4) Worsening gas 
exchange.

Hospital-acquired respiratory infections were defined 
as infections that occurred 48  h or more after hos-
pital admission in accordance with the CDC/NHSN 
guidelines.

Severe pneumonia was diagnosed according to the 
IDSA/ATS 2007 [10]. Validated definition included 
either one major criterion or three or more minor cri-
teria. Major criteria included the following: septic 
shock with the need for vasopressors; respiratory fail-
ure requiring mechanical ventilation. Minor criteria 
included the following: (1) respiratory rate ≧ 30 breaths/
min; (2) PaO2/FiO2 ratio ≦ 250; (3) Multilobar infil-
trates; (4) Confusion/disorientation; (5) Uremia (blood 
urea nitrogen level ≧ 20  mg/dl ); (6) Leukopenia (WBC 
count < 4,000 cells/ul ); (7) Thrombocytopenia ( platelet 
count < 100,000/ul); (8) Hypothermia ( core tempera-
ture < 36℃); (9) Hypotention requiring aggressive fluid 
resuscitation.

Cardiovascular events were define as defined as one 
or more of the following [11]: (1) blood levels of cardiac 
biomarkers (TNI or CKMB) above the 99th percentile 
upper reference limit; (2) new abnormalities in electro-
cardiography, including supraventricular tachycardia, 
ventricular tachycardia, atrial fibrillation, ventricular 
fibrillation, bundle branch block, ST-segment elevation/
depression, T-wave flattening/inversion, and QT interval 
prolongation; (3) new abnormalities in echocardiography, 
including decreased EF value (EF < 50%), regional/global 
ventricular wall motion abnormalities, the presence of 
pericardial effusion, and pulmonary arterial hypertension 
(PAH).

Statistical methods
All normally distributed continuous data are presented 
as mean ± standard deviation. Non-normally distrib-
uted continuous data are presented as medians and 
interquartiles. The unpaired student t-test was used to 
analyze normally distributed continuous data, whereas 
the Mann– Whitney U-test was used to compare non-
normally distributed data. Categorical variables are 
expressed as numbers and percentages. Differences 
between groups were assessed using the chi-squared test. 
The incidence of hospital-acquired respiratory infec-
tion was determined by dividing the number of cases 

by the total number of hospitalized patients during the 
same period (incidence of hospital-acquired respiratory 
infection = number of cases/total number of hospital-
ized patients × 100%). Binary logistics regression analysis 
(enter) was performed to explore risk factors for mortal-
ity of hospital-acquired respiratory infections. In logistics 
regression analysis, we included variables with statistical 
significance (P < 0.05) in the univariate analysis and those 
with clinical importance, such as whether they were 
admitted during the COVID-19 pandemic. In univari-
ate analysis, severe pneumonia was a significant variable; 
however, it was arguably on the causal pathway from 
pneumonia to death. As such we did not add this variable 
to the logistic regression models. Hypothesis testing of 
the multivariate model was performed using the log-like-
lihood ratio test, and the Hosmerr–Lemeshow test was 
used to assess the goodness of fit of the statistical model. 
For those variables with less than 25% missing data, 
median/mode interpolation was performed. For con-
tinuous quantitative data, we used median interpolation. 
Mode interpolation was used for discrete quantitative 
data. All statistical analyses were performed using the 
SPSS program Statistical Package for the Social Sciences 
program (version 26.0, SPSS Inc., Chicago, IL, United 
States). Two-tailed P < 0.05 was considered significant.

Results
Patients
A total of 5569 patients from October to December 2019 
and 3632 patients from October to December 2020 were 
admitted to our hospital. Patients who were readmitted 
within 48 h were considered as one admission. Further-
more, patients who underwent chemotherapy or immu-
nosuppression therapy within the last three months were 
excluded from the study. Consequently, 2,211 patients 
from 2019 to 2,921 patients from 2020 were included in 
the study, forming the cohort for analysis. (refer to Fig. 1).

Among the 2019 cohort, 359 out of 2,211 patients 
(16.2%) met the criterion for screening for hospital-
acquired respiratory infections. In the 2020 cohort, a 
lower proportion of 261 out of 2,921 patients (8.9%) met 
the criteria for screening for hospital-acquired respira-
tory infections; however, the difference was statistically 
non-significant (P = 0.13).

Prevalence of hospital-acquired respiratory infections
Ultimately, 105 out of 2,211 patients (4.7%) patients were 
diagnosed with hospital-acquired respiratory infections 
in 2019 (pre-COVID-19 pandemic), whereas in 2020 
(during the COVID-19 pandemic), 86 out of 2921 (2.9%) 
received the same diagnosis. The incidence of hospital-
acquired respiratory infections was 1.61 times higher 
in 2019 than that in 2020 (OR: 0.61, 95% CI: 0.46–0.81, 
P = 0.001; Table  2). The median age of patients in 2019 
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was 86 years, and 38.1% patients were males. In 2020, 
the median age was 85 years, and males accounted for 
the larger proportion (59.3%); however, there was no sig-
nificant difference between the 2019 and 2020 periods 
(P > 0.05). There was no difference in terms of comor-
bidities (except for chronic kidney disease, CKD), nasal 
feeding, gastrointestinal hemorrhage, cardiovascular 
events, severe pneumonia, cases with sputum culture, 
and length of stay in hospital (P > 0.05; Table  1). More 
patients in 2019 had CKD and used antibiotics during 
the last three months. Additionally, fewer patients were 
bedridden in 2019. In 2019, fewer patients had experi-
enced at least one type of cardiovascular event; however, 
there was no significant difference compared to patients 
in 2020 (81.9% versus 83.7%, P  >0.05). Sputum culture 
testing was performed in 77.1% of patients in 2019 and 
80.2% of patients in 2020 (P > 0.05). Among those tested, 
45 (55.6%) cases experienced positive cultures in 2019, 
and 31 (44.9%) cases exhibited positive cultures in 2020, 
without significant differences (P = 0.19). More samples in 
2019 experienced positive sputum cultures than in 2020 
(48.52% versus 31.74%, P < 0.05). The most common bac-
teria identified were Pseudomonas aeruginosa, Klebsiella 

pneumoniae, Staphylococcus aureus, and Acinetobacter 
baumannii.

Risk factors for in-hospital mortality in patients with 
hospital-acquired respiratory infections
In 2019 and 2020, 65 patients with hospital-acquired 
respiratory infections passed away during their hospi-
tal stay, while 126 patients survived. The mortality rate 
during hospitalization was 30.5% in 2019 and 38.4% in 
2020; however, there was no significant difference, (OR: 
1.42, 95%CI: 0.78–2.59, P = 0.25; Table 3). Upon analyzing 
the characteristics of these groups, several notable dif-
ferences emerged. In the mortality group, patients were 
older than those in the survival group (86 years versus 85 
years, OR: 1.03, 95%CI: 1.00-1.05, P = 0.04). In the mor-
tality group, a higher proportion of patients exhibited a 
history of malignant tumors (29.2% versus 15.9%, OR: 
2.19, 95%CI: 1.07–4.48, P = 0.03) and cardiovascular dis-
eases (69.2% versus 50.8%, OR: 2.18, 95%CI: 1.16–4.10, 
P = 0.02) compared to the survival group. Furthermore, 
a significant number of patients in the mortality group 
were diagnosed with severe pneumonia (63.1% versus 
7.1%, OR: 22.21, 95%CI: 9.55–51.68, P = 0.00). Conversely, 
in the mortality group, fewer patients used antibiotics 

Table 2  Incidence of hospital-acquired respiratory infections
Year hospital-acquired respiratory infections (n,%) Non-hospital-acquired respiratory infections (n,%) P OR 95% CI
2019 105(4.7) 2106(95.3) 0.001
2020 86(2.9) 2835(97.1) 0.61 0.46 0.81
Total 191 4941

Table 3  In-hospital mortality of patients with hospital-acquired respiratory infections
Year Survival (n, %) Mortality (n, %) P value OR 95% CI
2019 73(69.5) 32(30.5) 0.25
2020 53(61.6) 33(38.4) 1.42 0.78 2.59

Fig. 1  The study workflow for screening hospital-acquired respiratory infections
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during the three months before admission (33.8% ver-
sus 54.8%, OR: 0.42, 95%CI: 0.23–0.79, P = 0.01), and 
these patients experienced a short hospital stay (25 days 
versus 45 days, OR: 0.97, 95%CI: 0.96–0.99, P = 0.00). In 
the mortality group, there was a higher incidence of gas-
trointestinal hemorrhage (23.1% versus 12.7%, OR: 2.06, 
95%CI: 0.95–4.50, P = 0.07) and longer antibiotic usage 
(20 versus 18 days, OR: 0.99, 95% CI: 0.98–1.01, P = 0.57), 
although these differences were statistically non-signifi-
cant. No significant differences were observed in gender, 
long-term bedridden status, or positive sputum cul-
ture between the two groups (Table 4). In the mortality 
group, 28 patients (43.1%) demonstrated positive sputum 

cultures. The most common pathogens identified were 
Pseudomonas aeruginosa, Klebsiella pneumoniae, Staph-
ylococcus aureus, and Acinetobacter baumannii. Like-
wise, these pathogens were also prevalent in the survival 
group.

To identify independent factors associated with in-hos-
pital mortality of hospital-acquired respiratory infections 
pre- and during the COVID-19 pandemic, a multivariate 
logistic regression analysis (enter) was conducted (Hos-
mer and Lemeshow test, P = 0.188; Table  5). The results 
revealed that a history of previous malignancy ( OR: 2.50, 
95%CI: 1.16–5.35, P = 0.02) was an independent factor 
for in-hospital mortality. Age, cardiovascular disease and 

Table 4  Univariate analysis of survival and in-hospital mortality group in 2 years
Variables mortality

(n = 65)
Survival
(n = 126)

OR 95%CI P value

Gender
  Male 43 (66.2%) 73(57.9%) 1.42 0.76 2.65 0.27
Age (per year) 86(76–90) 85(74–90) 1.03 1.00 1.05 0.04
Comorbidities*

  Chronic respiratory disease 15(23.1%) 39(31%) 0.67 0.34 1.33 0.25
  Hypertension 44(67.7%) 86(68.3%) 0.98 0.51 1.85 0.94
  Diabetes Mellitus 19(29.2%) 39(31%) 0.92 0.48 1.77 0.81
  hyperlipemia 27(41.5%) 60(47.6%) 0.78 0.43 1.43 0.42
  Cerebrovascular disease 40(61.5%) 88(69.8%) 0.69 0.37 1.30 0.25
  CKD 18(27.7%) 23(18.3%) 1.72 0.85 3.48 0.14
  Chronic liver disease 2(3.1%) 2(1.6%) 1.97 0.27 14.30 0.50
  History of malignant tumors 19(29.2%) 20(15.9%) 2.19 1.07 4.48 0.03
  Cardiovascular disease 45(69.2%) 64(50.8%) 2.18 1.16 4.10 0.02
Bedridden 42(64.6%) 85(67.5%) 0.88 0.47 1.65 0.69
Nasal feeding 43(66.2%) 75(59.5%) 1.33 0.71 2.48 0.37
Antibiotics-use in the last 3 months 22(33.8%) 69(54.8%) 0.42 0.23 0.79 0.01
gastrointestinal hemorrhage 15(23.1%) 16(12.7%) 2.06 0.95 4.50 0.07
Cardiovascular events 55(84.6%) 103(81.7%) 1.23 0.55 2.77 0.62
Severe pneumonia 41(63.1%) 9(7.1%) 22.21 9.55 51.68 0.00
Number of antibiotics** 3(2, 3) 2(1, 2) 0.10 0.97 1.36 1.10
Days of antibiotics 20(12, 33.5) 18(13, 31) 0.99 0.98 1.01 0.57
Positive Sputum culture 28(43.1%) 51(40.5%) 1.11 0.61 2.04 0.73
Length of stay in hospital (per day) 25(16, 44) 45(23.5, 72.5) 0.97 0.96 0.99 0.00
Admitted during COVID-19 pandemic 33 (50.77%) 53(42.06%) 1.42 0.78 2.59 0.25
*:Comorbidities: the number of cases presenting with at least one of the following underlying conditions: chronic respiratory disease, hypertension, Diabetes 
Mellitus, hyperlipemia, cerebrovascular disease, CKD, chronic liver disease, history of malignant tumors and cardiovascular disease. CKD: chronic kidney disease. 
Days of antibiotics: cumulative duration of antibiotic therapy

**Number of antibiotics: kinds of antibiotics used during admission days, including aminopenicillins, penicillins/enzyme inhibitors, quinolones, macrolides, 
cephalosporins, oxycephalosporins, aminoglycosides, carbapenems, glycopeptides, and others

- the time unit used for the OR in the continuous variables: per year for age and per day for length of stay in hospital

Table 5  Independent risk factors associated with in-hospital mortality
Variables B S.E. P Exp(B) 95%CI of Exp(B)
Age 0.01 0.01 0.38 1.01 0.99 1.04
Previous malignancy 0.92 0.39 0.02 2.50 1.16 5.35
Cardiovascular disease 0.59 0.37 0.11 1.80 0.88 3.70
Antibiotics-use in the last 3 months -0.64 0.33 0.06 0.53 0.28 1.01
Admitted during COVID-19 pandemic 0.28 0.33 0.39 1.32 0.70 2.50
Hosmer and Lemeshow test: p = 0.188
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admission during the COVID-19 pandemic exhibited a 
higher risk of mortality; however, the differences were 
statistically non-significant.

Discussion
In this retrospective study, we compared the prevalence 
of hospital-acquired respiratory infections before and 
during the COVID-19 pandemic period. Notably, the 
incidence of hospital-acquired respiratory infections 
decreased from 4.2 to 2.9% (P = 0.001), possibly due to 
the implementation of various prevention and control 
measures, including reducing unnecessary hospital visits, 
limiting and designating caregivers, increasing hospital 
bed spacing to at least 1   m, closely monitoring compli-
ance with hand hygiene protocols, and mandating the use 
of N95 masks.

The incidence of hospital-acquired respiratory infec-
tions observed in our study fell within the reported range 
of 1–4.7% from other countries [12–14]. Moreover, a 
3-year surveillance study in China also revealed that the 
incidence of lower respiratory infections increased signif-
icantly with age, with rates of 0.85% and 2.05% in patients 
aged 60–69 years and ≥ 80 years, respectively [15]. Inter-
estingly, the rate of patients ≥ 80 years in the surveillance 
study was consistent with our study, where the median 
age of patients was 85. However, the rate of hospital-
acquired respiratory infections in our study was lower 
than in a multicenter study in China, where the incidence 
of hospital-acquired pneumonia (HAP) was 11.36% in 
patients ≥ 80 years old [16]. This may be owing to factors 
such as the higher incidence of intensive care unit (ICU) 
admission (47.88%), patients with impaired conscious-
ness (49.29%), patients undergoing surgery under general 
anesthesia (24.56%), glucocorticosteroid use (31.27%) 
and use of ventilators (19.08%) in that study.

Respiratory tract infections remain one of the most 
common infection sites, leading to increased morbidity, 
mortality, and higher hospital costs. Despite adopting 
prevention measures, studies have revealed that hospi-
tal-acquired infections generally have decreased; how-
ever, the prevalence of hospital-acquired pneumonia has 
remained more or less the same [5]. Similarly, an analysis 
of data from the Medicare Patient Safety Monitoring Sys-
tem between 2005 and 2013 demonstrated that the per-
centage of patients with ventilator-associated pneumonia 
remained constant, at approximately 10% [17]. A ran-
domized, parallel-group, controlled trial investigating the 
effectiveness of a multi-component intervention (involv-
ing reverse Trendelenburg position, dysphagia screening, 
oral care, and vaccinations) revealed that the incidence 
of hospital-acquired pneumonia among patients treated 
with this intervention was comparable to that of patients 
receiving standard of care [14].

The main prevention measures mentioned in the lit-
erature included hand hygiene, oral care, decolonization, 
decreased aspiration risk, droplet isolation, protective 
isolation, and contact precautions [18–24]. However, 
there are limited studies on hospital-acquired infection 
prevention concerning expanded bed space, reduced vis-
iting and fixed caregivers. A simulation study highlighted 
the significance of social distancing and personal protec-
tive equipment (PPE) usage in reducing the transmission 
rate of SARS-CoV-2 in a laboratory setting, with the N95 
mask proving to be the most effective protective measure 
[25]. A population-based retrospective cohort study over 
three years revealed that the risk of hospital-acquired 
pneumonia was approximately three times higher in 
patients who stayed in rooms with more than four beds 
than those in rooms with three or fewer beds [26]. Addi-
tionally, a meta-analysis demonstrated that using single-
patient rooms instead of multiple-patient rooms reduced 
the hospital-associated colonization of multidrug-resis-
tant (MDR) pathogens and bacteremia rates [27]. Dur-
ing the COVID-19 pandemic, our hospital implemented 
various measures to combat the pandemic’s spread. 
The measures included increasing the distance between 
beds to convert three-patient rooms into two-patient 
rooms. Each patient who required a caregiver was allo-
cated one, and all caregivers received education on hand 
hygiene and were required to wear facial masks. The fear 
of COVID-19 among people led to high compliance with 
prevention and control measures, significantly reducing 
the risk of hospital-acquired respiratory infections. Con-
sequently, the incidence of hospital-acquired respiratory 
infections in our study decreased from 4.2 to 2.9% com-
pared to the pre-COVID-19 pandemic. As polices for 
COVID-19 prevention and control varied by country, this 
may have contributed to the variation in HAIs incidence. 
The incidence of hospital-acquired respiratory infections 
in our study was similar to the results of two studies con-
ducted in China. The nosocomial infection rate reduced 
significantly during the COVID-19 pandemic, primarily 
observed in respiratory infections [7, 28]. These results 
suggest that the preventive and control measures dur-
ing the COVID-19 pandemic might reduce the incidence 
of HAIs. However, another retrospective study in China 
demonstrated that the preventive and control measures 
provided benefits during the COVID-19 pandemic; how-
ever, their effects on hospitalized acquired respiratory 
infections were unclear. There were no significant differ-
ences in the percentage of lower respiratory tract HAIs 
from 2018 to 2020 [8]. More studies concerning both 
exogenous and endogenous factors for HAIs are needed.

The all-cause mortality rate of patients with hospital-
acquired respiratory infections in our study was 34.03%, 
which was higher than previous studies, that reported 
rates ranging from 13–22.6% [29–31]. One possible 
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reason for this discrepancy was the higher proportion 
of older patients and patients with comorbidities in our 
study, with 98.42% of patients having one or more comor-
bidities. Notably, we found that a history of previous 
malignancy was associated with a higher in-hospital mor-
tality. Conversely, previous studies have identified various 
risk factors such as active immunosuppressant therapy, 
solid tumors, coma, clinical pulmonary infection score 
(CPIS) of 7 or higher, infections occurring in the ICU, age 
of 65 or older, tracheal cannula insertion, and the number 
of comorbidities [29–31]. The differences in the patient 
population, particularly the higher proportion of patients 
aged 65 or older with multiple comorbidities treated in 
non-ICU wards in our study, might explain the variation 
in the independent mortality risk factors observed com-
pared with other studies. More large-sample, multicenter 
studies are needed in the future to explore the factors for 
mortality of hospital-acquired respiratory infections. In 
our study, admission during the COVID-19 pandemic 
exhibited no effect on the mortality of hospital-acquired 
respiratory infections. This might be due to China’s pre-
vention and control policy for COVID-19 at that time. 
During the COVID-19 pandemic, patients who tested 
positive for COVID-19 were treated at an infectious dis-
ease specialist hospital. At the hospital where the study 
was conducted, inpatients with suspected respiratory 
infection symptoms were tested for COVID-19. Conse-
quently, the transmission of coronavirus in hospitals was 
interrupted.

Limitations
First, we might underestimate the incidence of hospi-
tal-acquired respiratory infections as we only reviewed 
medical records with a diagnosis of hospital-acquired 
respiratory infections. We might have missed some 
hospital-acquired respiratory viral infections as we only 
tested for coronavirus 2019. Second, in 2020, fewer 
patients met the screening criterion compared with 2019 
which resulted in a lower proportion of medical records 
being screened for hospital-acquired respiratory infec-
tions, potentially leading to the detection of fewer cases. 
However, a cross-table analysis indicated that there was 
no significant difference between these two periods. 
Third, due to the retrospective nature of the study, it was 
not possible to assess patients’ severity scores, detailed 
treatment data and the onset time of hospital-acquired 
respiratory infections. There were a large number of 
unqualified sputum samples in this study. In future stud-
ies, patients should be provided with education about 
how to produce sputum samples and other specimen 
types should be selected for patients who cannot cooper-
ate with sputum excretion. Finally, it was a single-center 
study. Our findings cannot be generalized to all patients 
in China.

Conclusion
Our study revealed that the incidence of hospital-
acquired respiratory infections was significantly 
decreased possibly due to the implementation of various 
prevention and control measures during the COVID-19 
pandemic. However, admission during the COVID-19 
pandemic demonstrated no effect on mortality of hos-
pital-acquired respiratory infections. It may suggest the 
necessity for adopting infection prevention and control 
measures, such as reducing unnecessary visits, fixing 
caregivers, increasing bed space (at least 1 m), supervis-
ing the implantation of hand hygiene and wearing facial 
masks. Moreover, we should pay special attention to 
patients who were with a history of previous malignancy, 
as they exhibit higher in-hospital mortality.
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