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Abstract 

Background The purpose of this study was to demonstrate both the four-year prevalence trend of healthcare-associ-
ated infections (HAIs) in a large tertiary hospital and the trend regarding the prevalence of HAIs following the out-
break of coronavirus disease 2019 (COVID-19) in order to provide evidence of hospital infection management during 
the COVID-19 pandemic.

Methods Based on the hospital’s electronic nosocomial infection databases related to HAIs, we retrospectively iden-
tified the HAI cases to assess the epidemiological characteristics of HAIs from January 1, 2018, to December 31, 2021, 
in a large tertiary hospital in China. Similarly, the trends of HAIs after the COVID-19 outbreak and the seasonal variation 
of HAIs were further analyzed.

Results The HAI cases (n = 7833) were identified from the inpatients (n = 483,258) during the 4 years. The most fre-
quently occurring underlying cause of HAIs was respiratory tract infections (44.47%), followed by bloodstream infec-
tions (11.59%), and urinary tract infections (8.69%). The annual prevalence of HAIs decreased from 2.39% in 2018 to 
1.41% in 2021 (P = 0.032), with the overall prevalence of HAIs significantly decreasing since the outbreak of COVID-19 
(2.20% in 2018–2019 vs. 1.44% in 2020–2021, P < 0.001). The prevalence of respiratory tract infections decreased most 
significantly; whereas, overall, the prevalence of HAIs was significantly greater during the winter compared with the 
rest of the year.

Conclusions Not only did the annual prevalence of HAIs decrease from 2018 to 2021, but it also significantly 
decreased since the start of the COVID-19 pandemic, particularly respiratory tract infections. These results provide 
evidence for the need to prevent HAIs, especially during the winter season.
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Introduction
Healthcare-associated infection (HAI) is a global pub-
lic health issue, which leads to a prolonged hospital 
stay, increased antimicrobial resistance, additional 
healthcare expenditures, as well as a high mortality 
[1, 2]. Previous surveys have revealed that the annual 
financial burden of HAIs was about $6.5 billion in the 
USA and up to €7.0 billion in Europe between 1995 
and 2010, and HAIs also cause high financial losses 
in developing countries every year [1, 3]. A system-
atic review of studies conducted in general hospitals 
in China has suggested that the pooled median esti-
mates of the total medical expenditures and hospi-
talization days per inpatient were nearly $4000 (USD) 
(¥24,881.37) more and 13.89  days longer in patients 
with HAI than in patients without HAI [4]. Thus, it is 
particularly important for hospital administrators to 
pay more attention to the prevention of nosocomial 
infection.

In China, the weighted prevalence of HAI in 2018 was 
3.13% in tertiary and specialized hospitals [2]. Impor-
tantly, the overall prevalence of HAI in surveyed Chi-
nese hospitals was less than those of previous reports 
from the USA (4.0%) [5], the European Union and the 
European Economic Area (5.9%) [6], and Southeast 
Asia (9.0%) [7].

Interestingly, the overall prevalence of HAI was 
also different depending on the region of China. For 
instance, in Guangdong Province, 1.24% of inpatients 
had at least one HAI between June 2017 and May 2018 
[8], whereas the overall prevalence of HAI was 2.10% 
in 2014 in Beijing City [9], 2.41% in 2014 in Guizhou 
Province [10], and 3.88% in 2007–2008 in Hubei Prov-
ince [11]. However, it is not completely clear whether 
the differences in the prevalence of HAI in different 
regions of China are influenced by climate conditions 
or whether the prevalence of HAI varies according to 
different outdoor temperatures.

Among the 52 Chinese hospitals surveyed, the most 
frequently occurring causes of HAI were lower respira-
tory tract infections (47.2%), urinary tract infections 
(12.3%), upper respiratory tract infections (11.0%), 
and surgical site infections (6.2%) [12]. A previous 
study also has revealed that the addition of bioaerosol 
treatment and coronavirus disease 2019 (COVID-19) 
mitigation measures significantly reduced airborne 
ultrafine particles and altered the bioburden of hospi-
tal environments since the outbreak of COVID-19 [13]. 
However, that study was conducted with a number of 
uncontrollable variables and lacked a concurrent con-
trol group. It is unclear whether the prevalence of HAI 
in Chinese medical institutions has been affected by 
COVID-19. Therefore, this study aimed to demonstrate 

the prevalence trend of all types of HAI while explor-
ing the seasonal variation of its prevalence over a 
four-year study period at The First Affiliated Hospital 
of Sun Yat-sen University, Guangzhou, China. Addi-
tionally, the difference in the overall prevalence of HAI 
between before and after the COVID-19 outbreak is 
also described herein.

Material and methods
Study design and setting
In this study, a retrospective observational study was 
performed from January 1, 2018, to December 31, 2021, 
in a large tertiary hospital with a total of 3523 beds in 
Guangzhou, China. Real-time surveillance of HAIs with 
an online nosocomial infection surveillance system was 
carried out to monitor all patients during their hospital 
stay. Ethical approval was obtained from The First Affili-
ated Hospital of Sun Yat-sen University ([2022]262).

This study included patients who had been hospitalized 
for more than 48 h between January 1, 2018, and Decem-
ber 31, 2021. The patients from outpatient services or day 
surgery centers were excluded from this study.

According to the Nosocomial Infection Diagnostic 
Criteria published in 2001 by the National Health Com-
mission of the People’s Republic of China [14], HAI is 
defined as an infection that occurs 48  h after a patient 
had been admitted to the hospital. In this study, the fol-
lowing conditions were also considered as HAIs: (1) the 
patient was admitted with an infection associated with a 
previous hospitalization, and the time interval between 
the previous discharge and this readmission was less than 
24 h; (2) neonate-acquired infections during delivery; (3) 
a medical invasive device was inserted on day 1 or day 2 
of admission, which resulted in any element of the infec-
tion criteria present within 48 h.

In this study, the types of HAIs included respiratory 
tract infections, ventilator-associated pneumonia, pleural 
cavity infections, bloodstream infections, urinary tract 
infections, catheter-associated urinary tract infections, 
surgical site infections, intra-abdominal infections, gas-
trointestinal infections, organ or lacuna infections, deep 
surgical site infections, intracranial infections, skin and 
soft-tissue infections, oral cavity infections, and cardio-
vascular system infections, among others.

Data collection
The inpatient infection-related information was collected 
using an automatic online real-time nosocomial infec-
tion surveillance system, which automatically screens 
for potential HAIs. Moreover, the fever history, micro-
biological reports, serological and molecular testing 
results, radiological information, and antibiotic usage 
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were inputted into the system by algorithms to screen for 
potential HAI.

The clinical information collected for each inpatient 
included the following: demographic characteristics, 
hospitalization days, diagnosis, antibiotic treatment, sur-
gery data, Intensive Care Unit (ICU) admission, specific 
device days, and body temperature; this information was 
obtained from the hospital information system. In addi-
tion, the microbiologic profile and routine test results 
were obtained from the laboratory information system. 
Moreover, the radiology reports were obtained from the 
radiology information system.

All reported cases of HAI that occurred during hospi-
talization were identified by infectious disease specialists 
and doctors to ensure the accurate identification of the 
HAI cases. Meanwhile, to ensure that the collected data 
were valid and reliable, the infectious disease specialist’s 
team checked the collected data and removed invalid 
inputs.

Data analysis
The prevalence of HAI was calculated as the number of 
new HAIs per 100 patient-days (HAI prevalence = Num-
ber of HAIs/100 patient-days). Relative proportions were 
defined as each infection site versus all HAIs per year. 
The incidence rate ratios (IRRs) of seasonal variation 
were calculated separately for the winter (December 1 
to February 28) and the nine remaining months during 
2018–2021.

SAS 9.4 and R version 4.1.1 were used for all data pro-
cessing and data analysis. Continuous variables were 
compared using the rank-sum test. Categorical variables 

were compared by using the chi-squared test. The stand-
ardized mean difference (SMD) of variables between two 
groups was reported to evaluate the balance of covari-
ate distribution between different population groups 
[15, 16]. SMD < 0.1 was considered appropriate balance 
of variables between two groups [16]. Continuous vari-
ables with a normal distribution were expressed as the 
mean ± standard deviation, and those without a normal 
distribution were expressed as the median and interquar-
tile range. Categorical variables were described as the 
frequency and percentage, and linear regression models 
were used to evaluate the trend association of HAI dur-
ing the year. Furthermore, cross-correlation analysis was 
performed using the ccf function in R to assess the rela-
tionship between monthly meteorological data and the 
monthly prevalence of HAI. Statistically significant dif-
ferences were defined by a P-value of < 0.05.

Results
Patient population
The demographic and clinical characteristics of all dis-
charged patients from January 1, 2018, to December 31, 
2021, are shown in Table 1 and Additional file 1: Table S1. 
During the four-year study period, the inpatient admis-
sions (n = 483,258) were eligible for inclusion in this 
study, including the inpatients with HAI (n = 7833) 
and the inpatients without HAI (n = 475,425). Males 
accounted for the larger proportion (59.2%) in the HAI 
group, and the patients in the HAI group were slightly 
older (49.0  years vs. 48.0  years, P < 0.001). Compared to 
the non-HAI group, the length of hospital stay was much 
longer in the HAI group (22.0 days vs. 5.0 days, P < 0.001), 

Table 1 Demographic and clinical characteristics of all discharged patients 2018–2021

IQR  interquartile range. Continuous variables were compared using the rank-sum test. Categorical variables were compared by using the Chi-square test

Variables Total
n = 483,258

Without HAI
n = 475,425

With HAI
n = 7833

P-value

Age, median (IQR) 48.0 (32.0,61.0) 48.0 (32.0,61.0) 49.0 (22.0,64.0)  < 0.001

Gender  < 0.001

 Female 252,479 (52.2%) 249,282 (52.4%) 3197 (40.8%)

 Male 230,779 (47.8%) 226,143 (47.6%) 4636 (59.2%)

Length of stay, median (IQR) 5.0 (2.0,9.0) 5.0 (2.0,9.0) 22.0 (13.0,33.0)  < 0.001

ICU  < 0.001

 No 460,642 (95.3%) 455,086 (95.7%) 5556 (70.9%)

 Yes 22,616 (4.7%) 20,339 (4.3%) 2277 (29.1%)

Receiving surgery  < 0.001

 No 381,435 (78.9%) 375,735 (79.0%) 5700 (72.8%)

 Yes 101,823 (21.1%) 99,690 (21.0%) 2133 (27.2%)

Receiving antibiotics  < 0.001

 No 301,603 (62.4%) 300,874 (63.3%) 729 (9.3%)

 Yes 181,655 (37.6%) 174,551 (36.7%) 7104 (90.7%)
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whereas the proportion of ICU patients in the HAI group 
was much greater than that of the non-HAI group (29.1% 
vs. 4.3%, P < 0.001). Among the patients in the HAI 
group, 27.2% received surgery and 90.7% received antibi-
otics (Table 1).

Prevalence and distribution of HAI
Bearing in mind that a total of 7833 HAI patients were 
identified between 2018 and 2021, the annual prevalence 
of HAI significantly decreased from 2.39% in 2018 to 

1.41% in 2021 (Trend P = 0.032) and was the most pro-
nounced between 2019 and 2020 (Fig. 1 and Table 2).

During the four-year study period, the most fre-
quently occurring types of HAI were respiratory tract 
infections (n = 4312, 44.47%), followed by bloodstream 
infections (n = 1124, 11.59%), urinary tract infec-
tions (n = 843, 8.69%), and gastrointestinal infections 
(n = 586, 6.04%) (Fig.  2 and Table  3). Meanwhile, the 
results revealed a significantly declining trend in res-
piratory tract infections (Trend P = 0.039), surgical 
site infections (Trend P = 0.038), and deep surgical site 

Fig. 1 Yearly HAI prevalence, 2018–2021. A Total HAIs; B–H Seven types of HAIs were significantly decreased after the start of the COVID-19 
pandemic. P < 0.05. HAI healthcare-associated infection, RTI respiratory tract infection, IAI intra-abdominal infection, DSSI deep surgical site infection, 
SST skin and soft-tissue infection, OCI oral cavity infection, BSI bloodstream infection, SSI surgical site infection
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Table 2 Prevalence of different HAI types (rate), 2018–2021

Trend test: 2018 to 2021 HAI change trend, linear regression analysis; 2018–2019 vs 2020–2021 means before and after COVID-19 pandemic. BSI bloodstream 
infection, CAUTI catheter-associated urinary tract infection, CVS cardiovascular system infection, GI gastrointestinal infection, IAI intra-abdominal infection, ICI 
intracranial infection, OCI oral cavity infection, OLI organ lacuna infection, DSSI deep surgical site infection, PCI pleural cavity infection, RTI respiratory tract infection, 
SSI surgical site infection, SST skin and soft-tissue infection, UTI urinary tract infection, VAP ventilator-associated pneumonia

2018 2019 2020 2021 Trend test 2018–2019 vs 
2020–2021

Coefficient (CI 95%) P-value P-value

Total 2.39 (2.3, 2.47) 2.04 (1.97, 2.11) 1.49 (1.42, 1.56) 1.41 (1.35, 1.47) − 0.35 (− 0.63 to − 0.07) 0.032  < 0.001

RTI 1.15 (1.09, 1.21) 0.96 (0.91, 1.02) 0.59 (0.55, 0.63) 0.55 (0.51, 0.59) − 0.22 (− 0.41 to − 0.03) 0.039  < 0.001

VAP 0.03 (0.02, 0.04) 0.02 (0.01, 0.02) 0.02 (0.01, 0.02) 0.01 (0.01, 0.02) 0 (− 0.01 to 0) 0.153 0.064

PCI 0.02 (0.01, 0.03) 0.01 (0.01, 0.02) 0.01 (0, 0.01) 0.01 (0.01, 0.02) 0 ( − 0.01 to 0.01) 0.646 0.185

UTI 0.17 (0.14, 0.19) 0.17 (0.14, 0.19) 0.16 (0.14, 0.18) 0.15 (0.13, 0.17) − 0.01 (− 0.01 to 0) 0.055 0.233

CAUTI 0.01 (0.01, 0.02) 0.01 (0, 0.01) 0.01 (0, 0.01) 0.01 (0.01, 0.02) 0 (− 0.01 to 0.01) 0.666 0.792

IAI 0.1 (0.09, 0.12) 0.07 (0.06, 0.09) 0.07 (0.05, 0.08) 0.07 (0.06, 0.09) − 0.01 (− 0.04 to 0.02) 0.223 0.019

GI 0.12 (0.1, 0.14) 0.12 (0.1, 0.14) 0.11 (0.09, 0.13) 0.09 (0.08, 0.11) − 0.01 (− 0.02 to 0) 0.096 0.051

OLI 0.01 (0, 0.01) 0 (0, 0.01) 0 (0, 0) 0 (0, 0.01) 0 ( − 0.01 to 0) 0.667 0.524

DSSI 0.01 (0.01, 0.02) 0.01 (0.01, 0.02) 0.01 (0, 0.01) 0 (0, 0.01) 0 (− 0.01 to 0) 0.035 0.014

ICI 0.01 (0.01, 0.02) 0.01 (0, 0.01) 0.01 (0, 0.02) 0 (0, 0.01) 0 (− 0.01 to 0) 0.088 0.073

SST 0.1 (0.08, 0.12) 0.07 (0.05, 0.08) 0.06 (0.05, 0.08) 0.05 (0.04, 0.06) − 0.02 (− 0.03 to 0) 0.067  < 0.001

OCI 0.08 (0.06, 0.09) 0.08 (0.07, 0.1) 0.07 (0.05, 0.08) 0.05 (0.04, 0.07) − 0.01 (− 0.02 to 0) 0.088 0.008

CVS 0.01 (0.01, 0.02) 0.01 (0, 0.01) 0.01 (0, 0.01) 0.01 (0, 0.01) 0 (− 0.01 to 0) 0.25 0.114

BSI 0.29 (0.26, 0.32) 0.24 (0.22, 0.27) 0.15 (0.13, 0.18) 0.16 (0.14, 0.18) − 0.05 (− 0.1 to 0.01) 0.061  < 0.001

SSI 0.08 (0.06, 0.1) 0.05 (0.04, 0.06) 0.02 (0.01, 0.03) 0.02 (0.01, 0.03) − 0.02 (− 0.04 to 0) 0.038  < 0.001

Others 0.2 (0.17, 0.22) 0.21 (0.19, 0.24) 0.21 (0.18, 0.23) 0.21 (0.18, 0.23) 0 ( − 0.01 to 0.02) 0.756 0.924

Fig. 2 Distribution of infection types. The four columns of each infection type represent the proportions of infections in 2018–2021, respectively. 
The top five infection types in each year were the same, but there were changes in the proportions between before and after the COVID-19 
pandemic
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infections (Trend P = 0.035). However, no significant 
changes in the prevalence of other types of HAI were 
observed (Table 2).

Since the outbreak of COVID-19 at the end of 2019, 
the overall prevalence of HAI decreased significantly 
(2.20% in 2018–2019 vs. 1.44% in 2020–2021, P < 0.001), 
with the prevalence of respiratory tract infections 
(1.05% in 2018–2019 vs. 0.57% in 2020–2021, P < 0.001), 
bloodstream infections (0.27% in 2018–2019 vs. 0.16% 
in 2020–2021, P < 0.001), and surgical site infections 
decreasing the most significantly (0.06% in 2018–2019 
vs. 0.02% in 2020–2021, P < 0.001) (Table 2).

Seasonal variation
By comparing the prevalence of HAI between the winter 
months (from December to February) and the rest of the 
year, we found that the overall prevalence was greater in 
the winter (IRR: 1.14, 95% confidence interval (CI): 1.09–
1.20) (Table 4). Similarly, the respiratory tract infections 
(IRR: 1.22, 95% CI: 1.14–1.30), gastrointestinal infections 
(IRR: 1.29, 95% CI: 1.07–1.59), intra-abdominal infec-
tions (IRR: 1.34, 95% CI: 1.08–1.65), surgical site infec-
tions (IRR: 1.35, 95% CI: 1.01–1.80), deep surgical site 
infections (IRR: 3.31, 95% CI: 1.88–5.82), and intracranial 
infections (IRR: 2.42, 95% CI: 1.34–4.37) had a higher 
prevalence; whereas urinary tract infections (IRR: 0.82, 

95% CI: 0.69–0.97) had a lower prevalence during the 
same season (Fig. 3A and Table 4).

Moreover, our meteorological data showed that the 
three winter months, i.e., from December to February, 
were the months with the lowest outdoor temperature 
in Guangzhou, China. The cross-correlation coefficients 
were compared to explore the relationship between the 
monthly temperature data and the monthly prevalence 
of HAI, and the results revealed that HAI prevalence 
was negatively correlated with the outdoor temperature 
(cross-correlation at lag 0: −  0.492, P = 0.088; cross-
correlation at lag −  1: −  0.666, P = 0.021; and cross-
correlation at lag − 2: − 0.663, P = 0.022) (Fig. 3B). The 
cross-correlation analysis showed that the time series of 
temperature was significantly and negatively associated 
with the monthly prevalence of HAI, and the maximum 
cross-correlation coefficient was −  0.666, which was at 
lag − 1.

Discussion
Since morbidity, mortality, and healthcare costs are 
impacted by HAI, this study aimed to analyze its preva-
lence at The First Affiliated Hospital, Sun Yat-sen Univer-
sity over a four-year period. The results indicated that the 

Table 3 The relative proportion by infection site (%), 2018–2021

BSI bloodstream infection, CAUTI catheter-associated urinary tract infection, 
CVS cardiovascular system infection, GI gastrointestinal infection, IAI intra-
abdominal infection, ICI intracranial infection, OCI oral cavity infection, OLI organ 
lacuna infection, DSSI deep surgical site infection, PCI pleural cavity infection, 
RTI respiratory tract infection, SSI surgical site infection, SST skin and soft-tissue 
infection, UTI urinary tract infection, VAP ventilator-associated pneumonia

2018 2019 2020 2021 Total

Total 3060 (100) 2902 (100) 1754 (100) 1981 (100) 9697 (100)

RTI 1469 (48.01) 1373 (47.31) 695 (39.62) 775 (39.12) 4312 (44.47)

VAP 35 (1.14) 22 (0.76) 18 (1.03) 19 (0.96) 94 (0.97)

PCI 21 (0.69) 17 (0.59) 6 (0.34) 20 (1.01) 64 (0.66)

UTI 213 (6.96) 235 (8.1) 187 (10.66) 208 (10.5) 843 (8.69)

CAUTI 18 (0.59) 9 (0.31) 9 (0.51) 15 (0.76) 51 (0.53)

IAI 134 (4.38) 103 (3.55) 79 (4.5) 101 (5.1) 417 (4.3)

GI 152 (4.97) 171 (5.89) 130 (7.41) 133 (6.71) 586 (6.04)

OLI 8 (0.26) 2 (0.07) 1 (0.06) 6 (0.3) 17 (0.18)

DSSI 16 (0.52) 17 (0.59) 9 (0.51) 6 (0.3) 48 (0.49)

ICI 18 (0.59) 11 (0.38) 10 (0.57) 6 (0.3) 45 (0.46)

SST 129 (4.22) 95 (3.27) 76 (4.33) 69 (3.48) 369 (3.81)

OCI 99 (3.24) 114 (3.93) 77 (4.39) 77 (3.89) 367 (3.78)

CVS 19 (0.62) 11 (0.38) 7 (0.4) 11 (0.56) 48 (0.49)

BSI 373 (12.19) 348 (11.99) 181 (10.32) 222 (11.21) 1124 (11.59)

SSI 102 (3.33) 69 (2.38) 26 (1.48) 24 (1.21) 221 (2.28)

Others 254 (8.3) 305 (10.51) 243 (13.85) 289 (14.59) 1091 (11.25)

Table 4 Incidence rates of HAI during winter (Dec–Feb) 
compared with the rest of the year, 2018–2021

The bold values mean P < 0.05. BSI bloodstream infection, CAUTI catheter-
associated urinary tract infection, CVS cardiovascular system infection, GI 
gastrointestinal infection, IAI intra-abdominal infection, ICI intracranial infection, 
OCI oral cavity infection, OLI organ lacuna infection, DSSI deep surgical site 
infection, PCI pleural cavity infection, RTI respiratory tract infection, SSI surgical 
site infection, SST skin and soft-tissue infection, UTI urinary tract infection, VAP 
ventilator-associated pneumonia

Winter Others IRR (95 CI%)
Winter vs. others

Total 2.03 (1.95, 2.11) 1.77 (1.73, 181) 1.14 (1.09–1.2)
RTI 0.94 (0.89, 1) 0.78 (0.75, 0.8) 1.22 (1.14–1.3)
VAP 0.02 (0.02, 0.03) 0.02 (0.01, 0.02) 1.4 (0.9–2.18)

PCI 0.01 (0.01, 0.02) 0.01 (0.01, 0.02) 1.29 (0.75–2.23)

UTI 0.14 (0.12, 0.16) 0.17 (0.15, 0.18) 0.82 (0.69–0.97)
CAUTI 0.01 (0.01, 0.02) 0.01 (0.01, 0.01) 1.51 (0.84–2.73)

IAI 0.1 (0.08, 0.12) 0.07 (0.06, 0.08) 1.34 (1.08–1.65)
GI 0.13 (0.11, 0.16) 0.1 (0.09, 0.11) 1.29 (1.07–1.54)
OLI 0 (0, 0.01) 0 (0, 0) 1.8 (0.67–4.88)

DSSI 0.02 (0.01, 0.03) 0.01 (0, 0.01) 3.31 (1.88–5.82)
ICI 0.02 (0.01, 0.02) 0.01 (0, 0.01) 2.42 (1.34–4.37)
SST 0.08 (0.07, 0.1) 0.07 (0.06, 0.07) 1.21 (0.96–1.53)

OCI 0.08 (0.06, 0.09) 0.07 (0.06, 0.08) 1.15 (0.91–1.46)

CVS 0.01 (0, 0.01) 0.01 (0.01, 0.01) 0.56 (0.25–1.26)

BSI 0.2 (0.17, 0.22) 0.22 (0.2, 0.23) 0.9 (0.78–1.04)

SSI 0.05 (0.04, 0.07) 0.04 (0.03, 0.05) 1.35 (1.01–1.8)
Others 0.21 (0.19, 0.24) 0.2 (0.19, 0.22) 1.05 (0.91–1.21)
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annual prevalence of HAI significantly decreased from 
2.39% in 2018 to 1.41% in 2021. Interestingly, the preva-
lence of HAI in this study was also less than that reported 
in most previous studies, both domestic and foreign [2, 
5, 6].

Not only the prevalence rates of HAI were greater in 
ICU patients who were vulnerable due to their underly-
ing comorbidities and the presence of invasive catheters 
and devices, affecting nearly 30% of patients and simi-
lar to previous studies [17, 18], but HAI also occurred 

in nearly 30% of surgical patients in our hospital. Thus, 
strengthening HAI surveillance and implementing con-
trol measures in both the ICU and the surgical depart-
ment are important aspects of HAI reduction.

In this study, respiratory tract infection was found to be 
the most common type of HAI, with an average of 44.47% 
over four years, a prevalence which was significantly less 
than that in a tertiary general hospital in Beijing (64.7%) 
[9]. While the reduction and control of the prevalence 
of respiratory tract infection should be a priority within 

Fig. 3 A Forest plot of the prevalence rates of healthcare-associated infection (HAI) during the winter (December–February) compared with the 
rest of the year, 2018–2021. IRR, incidence rate ratio. CI confidence interval. B Monthly HAI prevalence and temperature–time series plot. It can be 
seen that the infection rate increases with the decrease of temperature, while the infection rate decreases with the increase of temperature. The 
infection rate forms a small peak in the winter. The light color on the figure indicates the 95% confidence interval
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China to reduce the prevalence of HAI, the prevalence of 
ventilator-associated pneumonia remained almost con-
stant (9.70 per 1000 patient days in 2018–2021) in our 
study and was obviously greater than that found in hospi-
tals in the USA (3.20 per 1000 patient days in 2015) [19].

The use of antibiotics reported in the current study 
revealed a prevalence of 37.6%, which was less than that 
in the USA (51.9%) [5] but greater than that in the Euro-
pean Union (30.5%) [20]. Moreover, bloodstream infec-
tion is defined by the presence of microorganisms in the 
blood, which might result in underreporting in many 
hospitals due to the high use of antibiotics that results in 
some blood cultures giving false-negative results. In this 
regard, bloodstream infection accounted for 11.59% of 
HAIs in this study, which was only less than the preva-
lence of respiratory tract infection. A systematic review 
of the prevalence of HAI in Mainland China has revealed, 
however, that the average prevalence of bloodstream 
infection in general hospitals in China from 2006 to 2016 
was 2.65% [2], which is much less than that found in the 
current study. This finding might be due to the encour-
agement of blood culture to increase the detection rate of 
microbiological testing.

Furthermore, this study documented a much higher 
proportion of nondevice-associated urinary tract infec-
tions (69%) than catheter-associated urinary tract infec-
tions (0.53%), thus revealing the importance of infection 
control for nondevice-associated infections. In contrast, 
the most common type of HAI in a study in Germany 
was urinary tract infection (21.6%), which was associ-
ated with catheter use in more than 60% of cases [21]. In 
Germany, approximately 15–25% of all inpatients receive 
catheterization at least once during their hospital stay, 
but catheter-associated bacteriuria is usually asymp-
tomatic, and less than 5% of cases result in bacteremia 
requiring treatment [21].

Given the potential impact of the COVID-19 pandemic 
on HAI prevention and surveillance, this study analyzed 
and identified potential changes in the prevalence and 
distribution of HAI between 2018–2019 and 2020–2021. 
Inconsistent with previous studies in US hospitals [22], a 
widespread decrease in HAI prevalence, especially that 
related to respiratory tract infection, has been observed 
in this study’s hospital since the outbreak of COVID-19 
at the end of 2019.

Since the outbreak of COVID-19, most Chinese people 
have developed the habit of wearing face masks in pub-
lic areas to prevent the spread of respiratory pathogens. 
Leung et al. have reported that surgical face mask use can 
significantly reduce the transmission of human corona-
viruses, influenza viruses, and rhinoviruses in respira-
tory droplets or aerosols from symptomatic individuals 
[23, 24]. During the COVID-19 pandemic, the increased 

focus on hand hygiene, the use of personal protective 
equipment, environmental cleaning, and patient isola-
tion as well as the addition of bioaerosol treatment and 
COVID-19 mitigation measures significantly reduced 
airborne ultrafine particles and altered the bioburden of 
hospital environments, which may have resulted in the 
reduction of HAI prevalence in medical institutions [13, 
22]. Specifically, the HAI prevalence steadily decreased 
from 2018 to 2021, ranging from 2.39% in 2018 to 1.41% 
in 2021. To prevent the spread of disease, our hospital 
implemented a series of strict management measures 
during the COVID-19 pandemic. First, all people enter-
ing hospital areas must wear masks and are not allowed 
to take them off. Second, family members of patients 
are forbidden to visit patients in the inpatient ward, and 
strict management measures have been implemented for 
patients’ caretakers; for example, non-necessary caretak-
ers are not allowed to stay in the ward, only one fixed 
caretaker is allowed to stay in the ward if necessary, and 
the caretakers are not allowed to walk around the ward 
at will. Third, additional sickbeds in inpatient wards are 
prohibited, and the distance between sickbeds must be 
strictly maintained, including 0.8  m for general wards 
and 1.0 m for ICU wards. Fourth, the environmental sur-
face of the general wards is disinfected with 500  mg/L 
chlorine-containing disinfectant at least twice a day. 
Also, surface disinfection of inpatient elevators occurs 
once every 2 h, and air disinfection of outpatient eleva-
tors occurs twice a day. Finally, staff with a fever, respira-
tory tract infection, or other symptoms are not allowed 
to come to the hospital to work, until these symptoms 
disappear.

Interestingly, not only have we found that the preva-
lence of HAI peaked in the winter, from December to 
February of the following year, but our meteorologi-
cal data also showed that these three months were the 
months with the lowest outdoor temperature in Guang-
zhou, China. In our study, the HAI prevalence was nega-
tively correlated with the outdoor temperature. Similar to 
previous investigations, seasonal variation would affect 
the prevalence of respiratory tract infection on account of 
the cold weather, which is associated with the increased 
occurrence of respiratory tract infection [25, 26].

Although we found that the outdoor temperature was 
an important factor of the regional and seasonal factors 
that led to the difference in the prevalence of HAI, it was 
not the only factor. For example, whether the economic 
difference is also one of the reasons for the regional dif-
ferences in HAI was not addressed. Nevertheless, there 
are huge discrepancies in socioeconomic conditions 
and the gross domestic product between different prov-
inces and regions in China [8]; therefore, it is difficult to 
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interpret whether the different HAI rates across regions 
may be related to social or economic determinants.

Consistent with respiratory tract infection, the preva-
lence of gastrointestinal infection, intra-abdominal infec-
tion, surgical site infection, deep surgical site infection, 
and intracranial infection was greater in the winter. Nev-
ertheless, the prevalence of urinary tract infection was 
lower during the winter months. Gastrointestinal infec-
tion has been associated with seasonal variation because 
the viruses are introduced into the hospital by infected 
patients on admission during community outbreaks dur-
ing the winter [27]. Meanwhile, previous studies have 
revealed that urinary tract infections have a strong pat-
tern of seasonality, with peaks in the summer and troughs 
in the winter [28]. The morbidity of urinary tract infec-
tions may increase with rising temperatures. Also, dehy-
dration and the corresponding lower urine output caused 
by warmer weather may be the reason for the seasonality 
of urinary tract infections [29].

Several limitations in this study should be mentioned. 
First, this study was performed in a single-center; there-
fore, our findings cannot be generalized to all hospitals 
in different regions of China. Second, the details of infec-
tion were more clearly recorded in patients with longer 
hospital stays compared with those with a shorter hospi-
tal stay, leading to data regarding temporary infections to 
be neglected. Lastly, due to the lack of relevant socioeco-
nomic data, the influence of socioeconomic factors on 
HAI was not taken into account in our study.

Conclusion
In summary, this study revealed a significantly decreased 
HAI prevalence since the outbreak of COVID-19, par-
ticularly in respiratory tract infections, possibly because 
of strengthened surveillance and implementation of con-
trol measures at the participating hospital. Additionally, 
the overall prevalence of HAI in our study increased sig-
nificantly during the winter months. Ultimately, these 
results highlight the urgency of preventing HAI.

Abbreviations
CI  Confidence interval
HAI  Healthcare-associated infection
ICU  Intensive care unit
IRR  Incidence rate ratio
SMD  Standardized mean difference

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12879- 022- 07952-9.

Additional file 1: Table S1. Demographic and clinical characteristics of all 
discharged patients between 2018-2019 and 2020-2021.

Acknowledgements
Not applicable.

Author contributions
RR and LXL conducted the data collection, data analysis, and interpretation 
of results as well as drafted the manuscript. YJY, SMZ, RLG, JPY, and XHZ made 
significant contributions to data collection and analysis. QW and DYL devel-
oped the study design and reviewed and commented on the manuscript 
draft. All authors read and approved the final manuscript.

Funding
This study was supported by the Science and Technology Program of Guang-
zhou, China (202206010126).

Availability of data and materials
All data generated or analyzed during this study are included in this published 
article.

Declarations

Ethics approval and consent to participate
Ethical approval was obtained from The First Affiliated Hospital of Sun Yat-sen 
University ([2022]262), and informed consent was waived because of the 
retrospective nature of the study. All methods were carried out in accordance 
with relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare no conflicts of interest.

Received: 21 June 2022   Accepted: 19 December 2022

References
 1. Allegranzi B, Bagheri NS, Combescure C, Graafmans W, Attar H, Don-

aldson L, et al. Burden of endemic health-care-associated infection in 
developing countries: systematic review and meta-analysis. Lancet. 
2011;377(9761):228–41.

 2. Wang J, Liu F, Tartari E, Huang J, Harbarth S, Pittet D, et al. The 
prevalence of healthcare-associated infections in Mainland China: a 
systematic review and meta-analysis. Infect Control Hosp Epidemiol. 
2018;39(6):701–9.

 3. World Health Organization. Report on the burden of endemic health 
care-associated infection worldwide. Geneva: World Health Organization; 
2011.

 4. Liu X, Spencer A, Long Y, Greenhalgh C, Steeg S, Verma A. A systematic 
review and meta-analysis of disease burden of healthcare-associated 
infections in China: an economic burden perspective from general hospi-
tals. J Hosp Infect. 2022;123:1–11.

 5. Magill SS, Edwards JR, Bamberg W, Beldavs ZG, Dumyati G, Kainer MA, 
et al. Multistate point-prevalence survey of health care-associated infec-
tions. N Engl J Med. 2014;370(13):1198–208.

 6. Suetens C, Latour K, Kärki T, Ricchizzi E, Kinross P, Moro ML, et al. Preva-
lence of healthcare-associated infections, estimated incidence and 
composite antimicrobial resistance index in acute care hospitals and 
long-term care facilities: results from two European point prevalence 
surveys, 2016 to 2017. Euro Surveill. 2018;23(46):1800516.

 7. Ling ML, Apisarnthanarak A, Madriaga G. The burden of healthcare-
associated infections in Southeast Asia: a systematic literature review and 
meta-analysis. Clin Infect Dis. 2015;60(11):1690–9.

 8. Zhang Y, Zhong ZF, Chen SX, Zhou DR, Li ZK, Meng Y, et al. Prevalence of 
healthcare-associated infections and antimicrobial use in China: results 
from the 2018 point prevalence survey in 189 hospitals in Guangdong 
Province. Int J Infect Dis. 2019;89:179–84.

https://doi.org/10.1186/s12879-022-07952-9
https://doi.org/10.1186/s12879-022-07952-9


Page 10 of 10Rong et al. BMC Infectious Diseases           (2023) 23:41 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 9. Zhang Y, Zhang J, Wei D, Yang Z, Wang Y, Yao Z. Annual surveys for point-
prevalence of healthcare-associated infection in a tertiary hospital in 
Beijing, China, 2012–2014. BMC Infect Dis. 2016;16:161.

 10. You CQ, Zhu ZH, Cheng YS, Huang B, Wang P. Investigation and analysis 
of quality control indicators for healthcare-associated infections in 118 
hospitals of Guizhou province. Chin J Nosocomial Infect. 2016;26(17):4.

 11. Xie DS, Xiong W, Xiang LL, Fu XY, Yu YH, Liu L, et al. Point prevalence sur-
veys of healthcare-associated infection in 13 hospitals in Hubei Province, 
China, 2007–2008. J Hosp Infect. 2010;76(2):150–5.

 12. Chen Y, Zhao JY, Shan X, Han XL, Tian SG, Chen FY, et al. A point-prev-
alence survey of healthcare-associated infection in fifty-two Chinese 
hospitals. J Hosp Infect. 2017;95(1):105–11.

 13. Ereth MH, Fine J, Stamatatos F, Mathew B, Hess D, Simpser E. Healthcare-
associated infection impact with bioaerosol treatment and COVID-19 
mitigation measures. J Hosp Infect. 2021;116:69–77.

 14. National Health Commission. Diagnostic criteria for nosocomial infection 
(in Chinese). Chin Med J. 2001;81:314–20.

 15. Austin PC. An introduction to propensity score methods for reducing 
the effects of confounding in observational studies. Multivar Behav Res. 
2011;46(3):399–424.

 16. Austin PC. Using the standardized difference to compare the prevalence 
of a binary variable between two groups in observational research. Com-
mun Stat-Simul Comput. 2009;38:1228–34.

 17. Abulhasan YB, Rachel SP, Châtillon-Angle MO, Alabdulraheem N, Schiller 
I, Dendukuri N, et al. Healthcare-associated infections in the neurological 
intensive care unit: results of a 6-year surveillance study at a major tertiary 
care center. Am J Infect Control. 2018;46(6):656–62.

 18. Mazzeffi M, Galvagno S, Rock C. Prevention of healthcare-asso-
ciated infections in intensive care unit patients. Anesthesiology. 
2021;135(6):1122–31.

 19. Magill SS, O’Leary E, Janelle SJ, Thompson DL, Dumyati G, Nadle J, et al. 
Changes in prevalence of health care-associated infections in US hospi-
tals. N Engl J Med. 2018;379(18):1732–44.

 20. Plachouras D, Kärki T, Hansen S, Hopkins S, Lyytikäinen O, Moro ML, et al. 
Antimicrobial use in European acute care hospitals: results from the 
second point prevalence survey (PPS) of healthcare-associated infections 
and antimicrobial use, 2016 to 2017. Euro Surveill. 2018;23(46):1800393.

 21. Kranz J, Schmidt S, Wagenlehner F, Schneidewind L. Catheter-associated 
urinary tract infections in adult patients. Deutsches Arzteblatt Int. 
2020;117(6):83–8.

 22. Weiner-Lastinger LM, Pattabiraman V, Konnor RY, Patel PR, Wong E, 
Xu SY, et al. The impact of coronavirus disease 2019 (COVID-19) on 
healthcare-associated infections in 2020: a summary of data reported to 
the National Healthcare Safety Network. Infect Control Hosp Epidemiol. 
2022;43(1):12–25.

 23. Leung N, Chu D, Shiu E, Chan KH, McDevitt JJ, Hau B, et al. Respiratory 
virus shedding in exhaled breath and efficacy of face masks. Nat Med. 
2020;26(5):676–80.

 24. Jia R, Lu L, Li S, Liu P, Xu M, Cao L, et al. Human rhinoviruses prevailed 
among children in the setting of wearing face masks in Shanghai, 2020. 
BMC Infect Dis. 2022;22(1):253.

 25. Mäkinen TM, Juvonen R, Jokelainen J, Harju TH, Peitso A, Bloigu A, et al. 
Cold temperature and low humidity are associated with increased occur-
rence of respiratory tract infections. Respir Med. 2009;103(3):456–62.

 26. Jaakkola K, Saukkoriipi A, Jokelainen J, Juvonen R, Kauppila J, Vainio O, 
et al. Decline in temperature and humidity increases the occurrence of 
influenza in cold climate. Environ Health. 2014;13(1):22.

 27. Richet H. Seasonality in Gram-negative and healthcare-associated infec-
tions. Clin Microbiol Infect. 2012;18(10):934–40.

 28. Simmering JE, Tang F, Cavanaugh JE, Polgreen LA, Polgreen PM. The 
increase in hospitalizations for urinary tract infections and the associated 
costs in the United States, 1998–2011. Open Forum Infect Dis. 2017;4(1): 
w281.

 29. Simmering JE, Polgreen LA, Cavanaugh JE, Erickson BA, Suneja M, 
Polgreen PM. Warmer weather and the risk of urinary tract infections in 
women. J Urol. 2021;205(2):500–6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Trending prevalence of healthcare-associated infections in a tertiary hospital in China during the COVID-19 pandemic
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Material and methods
	Study design and setting
	Data collection
	Data analysis

	Results
	Patient population
	Prevalence and distribution of HAI
	Seasonal variation

	Discussion
	Conclusion
	Acknowledgements
	References


