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Background: Given the preventable nature of most healthcare-associated infections (HAIs), it is crucial to under- 

stand their characteristics and temporal patterns to reduce their occurrence. 

Methods: A retrospective analysis of medical record cover pages from a Chinese hospital information system was 

conducted for surgery inpatients from 2010 to 2019. Association rules mining (ARM) was employed to explore 

the association between disease, procedure, and HAIs. Joinpoint models were used to estimate the annual HAI 

trend. The time series of each type of HAI was decomposed to analyze the temporal patterns of HAIs. 

Results: The study included data from 623,290 surgery inpatients over 10 years, and a significant decline in 

the HAI rate was observed. Compared with patients without HAIs, those with HAIs had a longer length of stay 

(29 days vs. 9 days), higher medical costs (96226.57 CNY vs. 22351.98 CNY), and an increased risk of death 

(6.42% vs. 0.18%). The most common diseases for each type of HAI differed, although bone marrow and spleen 

operations were the most frequent procedures for most HAI types. ARM detected that some uncommon diagnoses 

could strongly associate with HAIs. The time series pattern varied for each type of HAI, with the peak occurring 

in January for respiratory system infections, and in August and July for surgical site and bloodstream infections, 

respectively. 

Conclusions: Our findings demonstrate that HAIs impose a significant burden on surgery patients. The differing 

time series patterns for each type of HAI highlight the importance of tailored surveillance strategies for specific 

types of HAI. 
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. Introduction 

Healthcare-associated infections (HAIs) are a signifi-

ant safety concern, particularly among hospitalized pa-

ients undergoing surgical procedures [1] . The impact of
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APC, Average Annual Percent Change. 
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AIs is profound, leading to prolonged hospitalization,

ncreased healthcare costs, and elevated morbidity and

ortality rates, placing a substantial burden on patients

nd public health [2] . On average, 7%–10% of patients

cquire at least one HAI during their hospital stay, with
ining; HIS, Hospital Information System; LOS, Length of Stay; RSI, Respiratory 

Gastrointestinal Infection; CNSI, Central Nervous System Infection; UTI, Urinary 

 Bone and Joint Infection; RTI, Reproductive Tract Infection; OCI, Oral Cavity 

RSI, Urinary and Respiratory System Infection; APC, Annual Percent Change; 

t (L.H. Liu) . 

arch 2024 

iversity Press. This is an open access article under the CC BY-NC-ND license 

https://doi.org/10.1016/j.imj.2024.100103
http://www.ScienceDirect.com
http://www.elsevier.com/locate/imj
http://crossmark.crossref.org/dialog/?doi=10.1016/j.imj.2024.100103&domain=pdf
mailto:liujianchao@301hospital.com.cn
mailto:liulihua07@yeah.net
https://doi.org/10.1016/j.imj.2024.100103
http://creativecommons.org/licenses/by-nc-nd/4.0/


T. Zhang, L. Yan, S. Wang et al. Infectious Medicine 3 (2024) 100103

n  

d  

t  

c  

t

 

o  

S  

i  

p  

[  

e  

a  

S  

t  

H  

f  

m  

o

 

m  

s  

p  

a  

o  

t  

q  

w  

s  

(  

o  

o  

a  

d  

d  

d  

C

2

2

 

r  

p  

u  

u  

o  

r  

d  

n  

w  

1  

n  

w  

s  

g  

l  

T  

b  

R  

e  

(

 

f

2

 

t  

t  

c  

t  

l  

1  

a  

l  

s  

p  

b  

f  

F  

f  

t  

s  

a  

c  

t  

t  

f  

f  

t  

e  

v  

(  

s  

7  

f  

p  

(  

a  

t  

c  

a  

R  

i

2

 

p  
early 10% of these cases resulting in mortality and 6%

ying directly from HAIs [3–5] . Given the preventable na-

ure of most HAI cases, there is a need to understand their

haracteristics and temporal patterns to facilitate effec-

ive surveillance and reduce their incidence [5] . 

Several studies have explored the seasonal variation

f HAIs, but the findings have been inconsistent [6–12] .

ome studies have reported a peak in HAI incidence dur-

ng the summer months [ 6 , 8 ], while others have detected

eaks during the winter, or no distinct seasonal pattern

 6 , 9 , 10 ]. These discrepancies may be attributed to differ-

nces in the regions, populations, and HAI types studied,

s well as variations in the methods employed [ 11 , 12 ].

ome studies have divided the year into seasons or quar-

ers and compared HAI rates between different periods.

owever, the occurrence of HAIs may vary significantly

rom month to month [ 11 , 12 ], and combining several

onths into one group may obscure the periodic pattern

f HAI incidence. 

Hitherto, previous studies on HAIs in China have pri-

arily relied on point prevalence surveys and real-time

urveillance systems [ 12 , 13 ] with few data on HAIs re-

orted in the cover pages of medical records, which serve

s the primary data source for assessing the performance

f public hospitals in China. Thus, in this study, we aimed

o: describe the features of HAIs; identify the most fre-

uent diseases and surgical procedures among patients

ith HAIs; and explore the association between diagno-

is, procedure, and HAI using association rules mining

ARM). We also aimed to estimate the incidence trend

f HAIs and visualize the temporal pattern for each type

f HAI, leveraging hospital information system data from

 tertiary hospital in China between 2010 and 2019. By

oing so, we hope to provide insights that will enable the

evelopment of targeted interventions to reduce the bur-

en of HAIs and improve the quality of surgical care in

hina. 

. Methods 

.1. Data source and collection 

Data were taken from the cover page of medical

ecords in a hospital information system (HIS) in a hos-

ital in Beijing that has over 3800 beds. Inpatients who

nderwent surgery and were discharged between Jan-

ary 1, 2009 and December 31, 2019 were included in

ur study. Data from inpatients’ information were ret-

ospectively reviewed and analyzed, including age, gen-

er, length of stay (LOS), costs, primary discharge diag-

osis, HAI, primary procedures, surgical wound class, and

ound healing grade. The surgical wound class included:

) aseptic wounds, such as thyroidectomy; 2) contami-

ated wounds, such as gastrectomy; and 3) dirty-infected

ounds, such as the resection of tuberculous abscess of
2

inus [ 14 , 15 ]. Wound healing was classified into three

rades: 1) well healed; 2) poorly healed but not puru-

ent, such as a wound with hematoma; and 3) purulent.

he terms used for diagnoses and procedures were coded

ased on the International Classification of Diseases, Tenth

evision (ICD10) and the International Classification of Dis-

ases, Ninth Revision, Clinical Modification, Third volume

ICD9-CM3), respectively. 

The information on inpatients was de-identified; there-

ore, institutional review board approval was waived. 

.2. HAI definition 

HAIs were defined as an infection acquired by inpa-

ients in the hospital, occurring either during hospitaliza-

ion or after discharge from hospital, based on the Noso-

omial Infection Diagnostic Criteria (2001) published by

he National Health Commission of the People’s Repub-

ic of China [16] . It includes the following situations:

) infections occurring 48 hours after admission or the

verage incubation period; 2) infections related to the

ast hospitalization; 3) new infections occurring on the

ites other than original infection, or the isolation of new

athogens on the original infection; 4) infections acquired

y neonates during and after delivery; and 5) potential in-

ections activated by diagnosis and treatment measures.

urther, we incorporated the definition of surgical site in-

ection based on the performance measurement for na-

ional tertiary public hospitals into the scope of HAIs,

pecifically classifying purulent aseptic surgical wounds

s surgical site infections. The following cases were ex-

luded from the scope of HAIs: 1) open wounds with bac-

erial colonization but without inflammation; 2) acute at-

acks of chorionic infection; 3) neonatal transplacental in-

ection; and 4) inflammation caused by trauma or abiotic

actors. According to the Nosocomial Infection Diagnos-

ic Criteria (2001), we further classified HAIs into 13 cat-

gories: 1) respiratory system infection (RSI); 2) cardio-

ascular system infection (CSI); 3) bloodstream infection

BI); 4) gastrointestinal infection (GI); 5) central nervous

ystem infection (CNSI); 6) urinary tract infection (UTI);

) surgical site infection (SSI); 8) skin and soft tissue in-

ection (SSTI); 9) bone and joint infection (BJI); 10) re-

roductive tract infection (RTI); 11) oral cavity infection

OCI); 12) others; and 13) multisystem infection (MI, if

n inpatient had more than one infection) [16] . Given

he limited number of patients with BJI and RTI, we in-

orporated BJI into SSTI to form the bone and joint/skin

nd soft tissue infection (BJ/SSTI) category and combined

TI with UTI to form the urinary and reproductive system

nfection (URSI) category. 

.3. Statistical analysis 

First, we categorized the included inpatients as either

atients with HAI or patients without HAI. The char-
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cteristics of the patients in the two groups were then

escribed and compared. Continuous variables were ex-

ressed as mean ± standard deviation or median (first

uartile, second quartile) and compared using the Stu-

ent’s t test or Wilcoxon’s rank sum test based on the

istribution of the data. Categorical variables were ex-

ressed as count (percentage) and compared using the

hi-square test. Given the large sample size, p values were

ufficient for most statistical tests to indicate significant

ifferences; we also used effect size to estimate the differ-

nce between two groups, using Cramer’s V and Cohen’s

 for nominal and continuous variables, respectively. An-

ual percent change (APC) and average annual percent

hange (AAPC) were calculated to test the temporal trend

f the HAI rate from 2010 to 2019 using a Joinpoint

odel. Second, we described and compared the specific

haracteristics of various types of HAI. The most common

rimary disease diagnoses (based on three-digit ICD10-

M codes) and procedures (based on two-digit ICD9-CM3

odes) in each type of HAI were summarized. Further-

ore, we identified the top 10 procedures with the high-

st HAI rates, to suggest the focus for monitoring the HAIs

n surgical care. In addition, we used ARM to detect the as-

ociation between diagnoses, procedures, and HAIs. Three

arameters needed to be set to identify the association

ules ( X→Y , in which X is the left-hand side and Y is the

ight-hand side): 

• Support( X→Y ) means the co-occurrence frequency of

X and Y ; for example, the co-occurrence frequency of

the disease or procedure and HAI: 

support ( 𝑋 → 𝑌 ) = 𝑃 ( 𝑋, 𝑌 ) , (1) 

• Confidence( X → Y ) means the frequency of Y in the

patients with X ; for example, the frequency of HAI in

the patients with X disease or procedure: 

conf idence ( 𝑋 → 𝑌 ) = 𝑃 ( 𝑌 |𝑋) =
𝑃 ( 𝑋, 𝑌 ) 
𝑃 ( 𝑋) 

, (2) 
able 1 

he rate and average annual percent change of each kind of HAIs from 2010 to 2019

Rate ( ‰ ) 

2010 2011 2012 2013 2014 2015 

ALL HAIs 5.05 6.41 4.98 8.64 5.86 4.15 

RSI 2.61 3.37 2.06 4.07 2.65 1.58 

BI 0.21 0.45 0.47 0.48 0.45 0.33 

GI 0.28 0.38 0.58 0.77 0.43 0.35 

CNSI 0.21 0.21 0.09 0.25 0.10 0.09 

URSI 0.23 0.37 0.10 0.40 0.31 0.24 

SSI 0.76 0.42 0.61 0.71 0.40 0.50 

BJ/SSTI 0.06 0.19 0.03 0.15 0.19 0.06 

OCI 0.02 0.12 0.03 0.19 0.14 0.14 

MI 0.15 0.19 0.05 0.13 0.12 0.06 

Others 0.51 0.70 0.94 1.49 1.07 0.80 

bbreviation: HAIs, Healthcare-associated infections; RSI, Respiratory system infection

ystem infection; URSI, Urinary and reproductive infection; SSI, Surgical site infect

nfection; MI, Multiple infection; APCC, Average annual percent change. 

3

• Lift( X → Y ) means the ratio of 𝑃 (𝑌 |𝑋 ) to 𝑃 ( 𝑌 ) : 

lift ( 𝑋 → 𝑌 ) =
𝑃 ( 𝑌 |𝑋) 
𝑃 ( 𝑌 ) 

= 𝑃 ( 𝑋, 𝑌 ) 
𝑃 ( 𝑋) 𝑃 ( 𝑌 ) 

. (3) 

The thresholds for support, confidence, and lift were

/ N (where N is sample size), 0.05 and 1, respectively.

inally, to further explore the temporal pattern of each

ype of HAI, we decomposed the time series of each

AI type into three components: 1) overall trend; 2) sea-

onal trend, and 3) random fluctuation, using an additive

odel. All the components of the time series for each HAI

ype were visualized. Joinpoint 5.0.2 software was used to

alculate APC and AAPC. Other statistical analyses were

erformed using R4.0.2 software. 

. Results 

.1. Temporal trend in HAI rate 

Data were included from a total of 623,290 inpatients

ho underwent surgical procedures between 2010 and

019. Of these, 2506 (4.02 ‰ ) patients developed HAIs.

he HAI rate experienced a peak in 2013 (8.64 ‰ ) and

ropped significantly after that. On average, the HAI rate

ecreased with a significant trend, from 5.05 ‰ in 2010 to

.46 ‰ in 2019 (AAPC: − 14.29%; 95% confidence inter-

al (CI): − 20.38%, − 9.34%) ( Fig. 1 ). Significant decreases

ere also observed in the rates of all types of HAI from

010 to 2019, except for CNSI, SSI and OCI ( Table 1 ). 

.2. Patient characteristics and outcomes by HAI status 

Compared with patients without HAI, the proportion

f males was relatively higher among patients who de-

eloped HAI ( Table 2 ). HAI was associated with poorly

ealed and purulent wounds, and higher mortality rates

 Table 2 ). The costs and LOS were much larger and longer,

espectively, in patients with HAI than those without HAI
. 

APCC (%, 95% CI) 
2016 2017 2018 2019 

2.43 1.88 1.98 1.46 − 14.3 (− 20.4, − 9.3) 

0.95 0.72 0.64 0.39 − 19.7 (− 26.9, − 14.4) 

0.21 0.06 0.05 0.08 − 16.0 (− 31.4, − 5.6) 

0.21 0.07 0.07 0.08 − 16.8 (− 23.2, − 12.0) 

0.06 0.01 0.12 0.09 − 10.0 (− 23.6, 2.1) 

0.15 0.03 0.05 0.07 − 18.2 (− 35.5, − 6.5) 

0.42 0.55 0.55 0.47 − 3.0 (− 9.1, 3.8) 

0.03 0.01 0.00 0.01 − 29.14 (− 55.52, − 14.55) 

0.00 0.00 0.00 0.00 − 47.1 (− 90.5, 3.7) 

0.04 0.01 0.03 0.01 − 21.54 (− 38.00, − 9.60) 

0.37 0.41 0.46 0.24 − 6.95 (− 12.78, − 0.82) 

; BI, Bloodstream infection; GI, Gastrointestinal infection; CNSI, Central nervous 

ion; BJ/SSTI, Bone and joint/Skin and soft tissue infection; OCI, Oral cavity 
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Fig. 1. Temporal rate of HAIs in patients who underwent surgical procedures from 2010 to 2019. The trend of HAI rate can be group into two segments, joined at 

2013. The overall HAI rate experienced a peak in the 2013. After 2013, the HAI rate dropped significantly with an APC of − 25.99% (95% CI: − 36.23%, − 20.79%). 

On average, the HAI rate had a significant decreasing trend from 2010 to 2019 with an AAPC of − 14.29% (95% CI: − 20.38%, − 9.34%). AAPC, average annual 

percentage change; CI, confidence interval; HAI, healthcare-associated infection. ∗ Indicates that the Annual Percent Change (APC) is significantly different from 

zero at the alpha = 0.05 level. Test statistic and p -value not available for the Empirical Quantile method. Final Selected Model: 1Joinpoint. 

(  

o  

h  

m

3

 

m  

d  

p  

o  

t  

w  

e  

c  

(  

t  

E  

F  

w  

w  

m  

f

3

 

r  

o  

f  

w

4

 

i  

r  

i  

t  

t  

y  

w  

t  

i  

s  

a  

i  

[

 

o  

t  

c  

L  

s  

w  

h  

r  
 Table 2 ). Patients with SSIs had the highest proportion

f poorly healed and purulent wounds. Patients with MIs

ad the longest LOS and the highest medical costs and

ortality rates (Table S1). 

.3. Diseases and surgical procedures associated with HAIs 

As shown in Table 3 , RSIs (43.74%) were the most com-

on HAIs. For RSIs, the most frequently reported disease

iagnosis and surgical procedure were acute upper res-

iratory infection of multiple and unspecified sites, and

perations on bone marrow and spleen, respectively. The

op three surgical procedures with the highest HAI rate

ere: operations on bone marrow and spleen (7.67%); op-

rations on larynx and trachea (3.23%); and operations on

hest wall, pleura, mediastinum, and diaphragm (1.22%)

Table S2). RSI was also found to be the most common

ype of HAI for these top three procedures (Table S2).

ight association rules were found by ARM ( Table 4 and

ig. S1) which showed that some less-frequent diagnoses

ere strongly associated with HAIs. For example, patients

ith acute tonsillitis who underwent operations on bone

arrow and spleen had a high probability of suffering

rom RSIs. 

.4. Time series of HAIs 

The time series plot showed a seasonal trend for the

ate of RSI, BI, and SSI. The temporal pattern of each type
4

f HAI was different: RSI peaked in January of each year;

or BI the peak was reached in July, and for SSI the peak

as in August ( Fig. 2 ). 

. Discussion 

This study described and analyzed the pattern of HAIs

n patients who underwent surgery during a 10-year pe-

iod. Our findings revealed a significant downward trend

n the HAI rate between 2010 and 2019, with the excep-

ion of a peak in 2013. The peak in 2013 may be related

o the outbreak of avian influenza in China in the same

ear [17] . The overall decline in HAI rates was consistent

ith the previous study by Zhang et al. [12] . The effec-

ive implementation of an infection surveillance system

n this hospital since 2010 may have contributed to this

ignificant downward trend. As reported by Haley et al.,

n intensive infection surveillance and control program

s strongly associated with a reduction in the rate of HAIs

18] . 

Our study highlights the substantial medical burden

f HAIs, with surgical patients experiencing almost three

imes the LOS and five times the cost of hospitalization

ompared with general inpatients [19–21] . The longer

OS and higher medical costs associated with HAIs in

urgical patients suggest a significant impact on patients

ho are already sensitized by surgery. Patients with MIs,

ad the longest LOS and highest medical costs. Mortality

ates were also much higher among patients with HAIs
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Table 2 

Characteristics according to HAI status. 

Non-HAI ( N = 620,784) HAI ( N = 2506) Effect size p value 

Male, n (%) 320,184 (51.58) 1509 (60.22) 0.01 < 0 .0001 

Age (median, IQR) 51 (37, 62) 52 (34, 65) 0.01 0 .0977 

Year, n (%) 

2010 46,877 (7.55) 238 (9.50) 0.03 < 0 .0001 

2011 56,894 (9.16) 367 (14.64) 

2012 56,919 (9.17) 285 (11.37) 

2013 51,835 (8.35) 452 (18.04) 

2014 57,708 (9.30) 340 (13.57) 

2015 65,752 (10.59) 274 (10.93) 

2016 67,273 (10.84) 164 (6.54) 

2017 70,679 (11.39) 133 (5.31) 

2018 73,142 (11.78) 145 (5.79) 

2019 73,705 (11.87) 108 (4.31) 

Surgical wound class, n (%) 

Aseptic 308,295 (49.66) 1584 (63.21) 0.03 < 0 .0001 

Contaminated 218,548 (35.21) 390 (15.56) 

Dirty-infected 14,676 (2.36) 50 (2.00) 

No incision or not reported 79,265 (12.77) 482 (19.23) 

Wound healing grade, n (%) 

Well 485,316 (78.18) 1594 (63.61) 0.20 < 0 .0001 

Poor but not purulent 2555 (0.41) 108 (4.31) 

Purulent 386 (0.06) 255 (10.18) 

Others or not reported 132,527 (21.35) 549 (21.91) 

Death, n (%) 1138 (0.18) 161 (6.42) 0.09 < 0 .0001 

Costs (median, IQR, CNY) 22,351.98 (10,476.56, 57,287.17) 96,226.57 (50,362.02, 178,540.31) 2.37 < 0 .0001 

Length of stay (median, IQR, Days) 9 (5, 14) 29 (19, 43) 2.54 < 0 .0001 

Abbreviation: HAIs, Healthcare-associated infections. 

Note: Effect size: Cramér’s V and Cohen’s d were used to estimate the effect size for the nominal and continuous variables, respectively. The cut offs for effect size 

were small (0.2), medium (0.5) and large (0.8). 
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han those without, with the highest risk of death also

bserved in patients with MIs. These findings underscore

he importance of effective prevention and management

trategies, particularly for MIs. 

Consistent with previous studies, RSI accounted for the

ajority of HAIs, while the proportions of URTI and BI

ere lower than in other reports [ 12 , 13 , 22 ]. This dis-

repancy may be due to the uncoded names of HAIs in

he medical records, resulting in some being categorized

aguely as “Others ”. The most common diagnoses among

atients with RSI were respiratory system diseases, with

one marrow and spleen operations being the most fre-

uent surgical procedures. These diagnoses and proce-

ures may impair the immune system, putting patients

t greater risk of infection. Our use of ARM revealed

trong associations between some infrequent diseases and

AIs. For example, patients with acute tonsillitis who un-

erwent bone marrow and spleen operations were more

ikely to suffer from RSI, possibly due to the combined

mmune-impairing effects of both conditions. 

Our study also examined the time series patterns for

ach type of HAI, revealing differing trends among them.

n the case of RSI, the peak of infection occurred in

anuary during the winter season, which could be at-

ributed to the cold and dry weather prevalent in north-

rn China during this period. These environmental condi-

ions may enhance the stability and transmission of respi-

atory viruses while weakening the host immune system,

hereby rendering patients more susceptible to RSI [23] .

onversely, for BI and SSI, the peak was in the summer
5

eason. The higher ambient temperature and relative hu-

idity during summer may facilitate the colonization and

ransmission of pathogens such as Acinetobacter, E. coli ,

nd Staphylococcus aureus , thereby increasing the risk of

cquiring BI and SSI [24–27] . These diverse time series

atterns observed among different types of HAIs may help

xplain the inconsistencies found in previous studies re-

arding the seasonal peaks of HAIs [ 10 , 12 ]. Geographical

egional differences may also contribute to such discrep-

ncies. For instance, our findings on the SSI peak in the

ummer are consistent with those of a previous study con-

ucted in northern China [12] whereas a study in the US

eported a winter peak [6] , and another study in southern

hina observed no seasonal variation [10] . These results

uggest that surveillance efforts should focus on specific

ypes of HAI during different time periods, based on the

nfection peak of each HAI type. This approach would en-

ble the effective allocation of resources and the develop-

ent of tailored prevention strategies. Furthermore, clini-

ians should be aware of the risk of seasonal variability in

AIs, which can guide the administration of potentially

pecific antibiotic treatments. 

There are several limitations in our study. First, the

nformation about HAIs in the cover pages of medical

ecords was spontaneously reported by physicians, lead-

ng to a lower HAI rate compared with data from point

revalence surveys [22] or real-time surveillance systems

12] . However, the characteristics of HAIs in this study

ere similar to those reported in other studies for the

ost common types of HAI. Second, as mentioned above,
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Table 3 

Most frequent disease and procedures associated with each type of HAI. 

N (%) Most frequent procedure Most frequent disease 

Respiratory System Infection 

(RSI) 

1096 (43.74) Operations on bone marrow and spleen (484); Operations on 

vessels of heart (71); Incision and excision of skull, brain, and 

cerebral meninges (53); Operations on esophagus (43); Repair 

and plastic operations on joint structure (40); Operations on 

chest wall, pleura, mediastinum, and diaphragm (39); Other 

operations on larynx and trachea (275); Incision and excision 

of stomach (21); Incision, excision, and anastomosis of 

intestine (20); Excision of lung and bronchus (18) 

Acute upper respiratory infections of multiple and unspecified 

sites (95); Transplanted organ and tissue status (68); Choronic 

ischaemic heart disease (63); Bacterial pneumonia, not 

elsewhere classified (55); Pneumonia, unspecified organism 

(51); Essential (primary) hypertension (47); Lymphoid 

leukaemia (28); Non-insulin-dependent diabetes mellitus (23); 

Other respiratory disorders (20); Candidiasis (16) 

Bloodstream Infection (BI) 164 (6.54) Operations on bone marrow and spleen (77); Operations on 

gallbladder and biliary tract (17); Operations on liver (9); 

Other incision and excision of uterus (8); Operations on vessels 

of heart (7); Incision, excision, and anastomosis of intestine 

(5); Operations on pancreas (5); Operations on esophagus (5); 

Other operations on larynx and trachea (4); Incision, excision, 

and occulsion of vessels (4) 

Other septicaemia (14); Transplanted organ and tissue status 

(9); Bacterial infection of unspecified site (7); Myeloid 

leukaemia (6); Monocytic leukaemia (5); Cholelithiasis (5); 

Other postsurgical states (5); Non-insulin-dependent diabetes 

mellitus (4); Fibrosis and cirrhosis of liver (5); Pneumonia, 

unspecified organism (4) 

Gastrointestinal Infection (GI) 186 (7.42) Operations on bone marrow and spleen (60); Operations on 

liver (26); Operations on gallbladder and biliary tract (24); 

Operations on pancreas (16); Incision, excision, and 

anastomosis of intestine (11); Other operations on stomach (9); 

Other operations on abdominal region (8); Operations on 

vessels of heart (7); Operations on esophagus (6); Incision and 

excision of stomach (4) 

Other diseases of biliary tract (19); Other postsurgical states 

(11); Secondary maliganat neoplasm of respiratory and 

digestive organs (10); Chronic ischaemic heart diseases (7); 

Other postsurgical states (7); Gastritis and duodenitis (6); 

Cholelithiasis (5); Pneumonia, unspecified organism (5); 

Noninfective enteritis and colitis (5); Infectious gastroenteritis 

and colitis, unspecified (5); Essential (primary) hypertension 

(5) 

Central Nervous System 

Infection (CNSI) 

73 (2.91) Incision and excision of skull, brain, and cerebral meninges 

(43); Operations on other endocrine glands (16); Other 

operations on skull, brain, and cerebral meninges (4); 

Operations on spinal cord and spinal canal structures (3); 

Incision, excision, and occulsion of vessels (2); Other 

operations on vessels (2); Repair and plastic operations on joint 

structure (1); Operations on cranial and peripheral nerves (1); 

Incision, excision, and division of other bones (1) 

Complications of procedures, not elsewhere classified (14); 

Encephalitis, myelitis and encephalomyelitis (6); Essential 

(primary) hypertension (4); Hypofunction and other disorders 

of the pituitary gland (3); Epilepsy (3); Postprocedural 

disorders of nervous system (2) 

Urinary and Reproductive 

System Infection (URSI) 

114 (4.55) Operations on bone marrow and spleen (15); Other incision 

and excision of uterus (15); Operations on vessels of heart (9); 

Other operations on larynx and trachea (8); Operations on 

urinary bladder (5); Incision and excision of skull, brain, and 

cerebral meninges (5); Operations on chest wall, pleura, 

mediastinum, and diaphragm (5); Incision, excision, and 

anastomosis of intestine (4); Other operaions on lung and 

bronchus (4); Operations on spinal cord and spinal canal 

structures (4) 

Choronic ischaemic heart disease (8); Other disorders of 

urinary system (8); Leiomyoma of uterus (6); Complications of 

procedures, not elsewhere classified (4); Other postsurgical 

states (4); Non-insulin-dependent diabetes mellitus (3); 

Respiratory failure, not elsewhere classified (3); Candidiasis 

(3); Bacterial pneumonia, not elsewhere classified (3); 

Hydrocephalus (2) 

Surgical Site Infection (SSI) 330 (13.17) Repair and plastic operations on joint structure (60); Incision 

and excision of joint structures (34); Operations on gallbladder 

and biliary tract (21); Incision, excision, and division of other 

bones (18); Operations on pancreas (13); Incision, excision, 

and anastomosis of intestine (12); Incision and excision of 

skull, brain, and cerebral meninges (12); Operations on thyroid 

and parathyroid glands (11); Operations on liver (10); 

Operations on skin and subcutaneous tissue (10) 

Complications of procedures, not elsewhere classified (14); 

Other postsurgical states (12); Non-insulin-dependent diabetes 

mellitus (11); Essential (primary) hypertension (10); Choronic 

ischaemic heart disease (9); Cholelithiasis (7); Other diseases of 

biliary tract (5); Presence of other functional implants (5); 

Secondary and unspecified malignant neoplasm of lymph nodes 

(5); Other intervertebral disc disorders (4) 

Bone and Joint/Skin and Soft 

Tissue Infection ((BJ/SSTI)) 

43 (1.72) Operations on bone marrow and spleen (25); Repair and plastic 

operations on joint structures (3); Operations on skin and 

subcutaneous tissue (3); Incision, excision, and anastomosis of 

intestine (2); Operations on muscle, tendon, fascia, and bursa, 

except hand (2) 

Other local infections of skin and subcutaneous tissue (4); 

Transplanted organ and tissue status (3); Monocytic leukaemia 

(2); Non-insulin-dependent diabetes mellitus (2); Cellulitis (2); 

Abscess of anal and rectal regions (2); Fissure and fistula of 

anal and rectal regions (2); Other septicaemia (2); Essential 

(primary) hypertension (2) 

Oral Cavity Infection (OCI) 37 (1.48) Operations on bone marrow and spleen (33); Operations on 

facial bones and joints (1); Operations on esophagus (1); 

Operations on chest wall, pleura, mediastinum, and diaphragm 

(1); Other incision and excision of uterus (1) 

Transplanted organ and tissue status (5); Stomatitis and related 

lesions (4); Lymphoid leukaemia (3); Essential (primary) 

hypertension (3); Other neoplasms of uncertain behavior of 

lymphoid, hematopoietic and related tissue (2); Other 

postsurgical states (2); Gingivitis and periodontal diseases (2) 

Multisystem Infection (MI) 46 (1.84) Operations on gallbladder and biliary tract (6); Incision, 

excision, and anastomosis of intestine (4); Incision and excision 

of skull, brain, and cerebral meninges (4); Operations on bone 

marrow and spleen (3); Operations on pancreas (3); Operations 

on urinary bladder (2); Operations on muscle, tendon, fascia, 

and bursa, except hand (2); Operations on other endocrine 

glands (2); Operations on chest wall, pleura, mediastinum, and 

diaphragm (2) 

Cholelithiasis (3); Choronic ischaemic heart disease (3); 

Secondary malignant neoplasm of respiratory and digestive 

organs (2); Paralytic ileus and intestinal obstruction without 

hernia (2); Other septicaemia (2) 

Others 417 (16.64) Operations on bone marrow and spleen (134); Operations on 

valves and septa of heart (24); Operations on gallbladder and 

biliary tract (20); Operations on vessels of heart (19); 

Operations on liver (17); Incision and excision of skull, brain, 

and cerebral meninges (15); Operations on chest wall, pleura, 

mediastinum, and diaphragm (14); Operations on pancreas 

(14); Operations on skin and subsutaneous tissue (13); 

Operations on spinal cord and spinal canal structures (13) 

Agranulocytosis (24); Transplanted organ and tissue status 

(22); Other diseases of biliary tract (18); Choronic ischaemic 

heart disease (16); Complications of procedures, not elsewhere 

classified (14); Bacterial pneumonia, not elsewhere classified 

(12); Essential (primary) hypertension (10); Stomatitis and 

related lesions (8); Pneumonia, unspecified organism 

(7),Myeloid leukaemia (7) 

6
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Fig. 2. Time series pattern for each type of HAI. The first row from the top of each HAI represents the observed trend, which can be decomposed into overall trend 

(second row), seasonal trend (third row), and random fluctuations (bottom row). An evident seasonal pattern can be seen in RSI, BI, and SSI, with fluctuations 

exceeding 20%. RSI reaches its peak in January, BI in July, and SSI in August. BI, bloodstream infection, HAI, healthcare-associated infection; RSI, respiratory system 

infection; SSI, surgical site infection. 

Table 4 

The association rules between disease, procedure and HAI detected among surgery inpatients. 

Rules Count Confidence Lift 

Complications of procedures, not elsewhere classified & Operations on other 

endocrine glands 

= > Central nervous system infection 8 0.57 4878 .98 

Encephalitis,myelitis and encephalomyelitis & Incision and excision of skull, 

brain, and cerebral meninges 

= > Central nervous system infection 6 0.86 7318 .47 

Other gastroenteritis and colitis of infectious and unspecified origin & 

Operations on bone marrow and spleen 

= > Gastrointestinal infection 5 0.56 1861 .68 

Acute tonsillitis & Operations on bone marrow and spleen = > Respiratory system infection 4 0.50 284 .35 

Other sepsis & Other incision and excision of uterus = > Bloodstream infection 3 1.00 3800 .55 

Candidiasis & Incision and excision of stomach = > Respiratory system infection 3 0.75 426 .52 

Bacterial pneumonia, not elsewhere classified & Incision, excision, and 

division of other bones 

= > Respiratory system infection 3 0.75 426 .52 

Acute upper respiratory infections of multiple and unspecified sites & 

Operations on liver 

= > Respiratory system infection 3 0.50 284 .35 

7
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he terms used for HAIs in the cover pages were uncoded,

esulting in some HAIs being categorized vaguely as “Oth-

rs ”. Finally, the information about the infectious organ-

sm and the antibiotics for treatment cannot be obtained

rom the data in the cover page. As the information in the

over page of medical records is the main data source for

valuating the performance of public hospitals in China,

AI reporting rates and information on HAI should be im-

roved and standardized. 

In summary, this study demonstrates a significant

rend of decline in HAI rates over the last 10 years in a

arge Chinese tertiary hospital, which may be attributed

o the development of the real-time surveillance system

n this hospital. The occurrence of HAIs is a significant

urden to inpatients, prolonging LOS and increasing both

edical costs and the risk of death. HAIs are most com-

on in patients undergoing operations on bone marrow

nd spleen. Furthermore, each type of HAI shows a differ-

nt time series pattern. There should be particular empha-

is placed on surveillance regarding specific types of HAI

n the different time period based on the infection peak of

ach HAI type. In addition, reporting rates of HAIs and in-

ormation about HAIs in the cover page of medical record

hould be improved and standardized. 
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