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Abstract 

Background Healthcare-associated infections (HAIs) are a threat to patients. Accurate surveillance is required to 
identify and prevent HAIs. To estimate the incidence rate, report the accuracy and identify the barriers of reporting 
HAIs using a mixed-method study.

Methods In this quantitative study, we externally evaluated the incidence rate and accuracy of the routine surveil-
lance system in one of the main hospitals by an active follow-up of patients from September to December 2021. We 
used in-depth interviews with 18 experts to identify the barriers of the routine surveillance system.

Results Among 404 hospitalized patients, 88 HAIs were detected. The estimated rate of HAIs was 17.1 (95% Confi-
dence Intervals 95: 14.1, 21.1) per 1000 patient-days follow-up. However, in the same period, 116 HAIs were reported 
by the routine surveillance system, but the agreement between the two approaches was low (sensitivity = 61.4%, 
specificity = 82.6%, negative predictive value = 89.7%, and positive predictive validity = 46.5%). The minimum and 
maximum positive predictive values were observed in urinary tract infection (32.3%) and surgical site infection 
(60.9%). The main barrier of reporting HAIs was lack of cooperation in reporting HAIs by infection control link nurses 
and laboratory supervisors.

Conclusions The discrepancy between the longitudinal study findings and the routine surveillance might be related 
to the inaccessibility of the surveillance system to clinical information of patients. In this regard, decreasing the bar-
riers, increasing the knowledge of infection control nurses and other nurses, as well as the development of hospital 
information systems are necessary.
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Introduction
“Healthcare-associated infections (HAIs) can happen in 
any healthcare facility, including hospitals, ambulatory 
surgical centers, end-stage renal disease facilities, and 
long-term care facilities [1].” HAIs are a big concern in 
treating some diseases [2], and pose a threat to patients’ 
health and worldwide safety [3]. HAIs are a major cause 
of mortality [4], hospitalization [5], excess length of hos-
pital stay [4], long-term disability, increased microorgan-
ism resistance to antimicrobial agents, increased costs for 
patients and family members [6], and health-related costs 
[7]. However, hospitalized patients are at a higher risk for 
HAIs, but the burden of HAIs is higher than other com-
municable diseases. In a study in 2016, the burden of 
HAIs was calculated to be 501 Disability Adjusted Life 
Years (DALYs) per 100,000 general populations in Euro-
pean Union and European Economic Area [8].

The incidence rate of HAIs varies from 2.5 per 1000 
patient-days [9] to 28.15 per 1000 patient-days, world-
wide [10]. In Iran, the incidence rate of HAIs was 
reported as 7.41 per 1000 patient-days [11]. HAIs can 
cause various problems in patients, including lower res-
piratory tract infection that raises mortality, and surgical 
site infection leads to more extended hospitalization and 
increased therapy costs [12]. It is estimated that 90% of 
the burden of the HAIs is related to ventilator-associated 
pneumonia (VAP), bloodstream infection (BSI), urinary 
tract infection (UTI), and surgical site infection (SSI) [8].

A standardized surveillance system is an essential 
strategy for controlling and reducing HAIs [12]. Ira-
nian nosocomial infection surveillance (INIS) system 
was established in 2006 and expanded in 2010 [11, 13]. 
This system collects the required data passively using 
an online approach from all hospitals in Iran. The main 
approach for detecting HAIs in routine surveillance is the 
clinical manifestations. Collaboration between a nurse, a 
microbiologist, and an infection control team is essential 
in the Iranian surveillance system to diagnose HAIs [14]. 
According to the Ministry of Health and Medical Educa-
tion of Iran, HAIs were detected twice as much in 2016 
(1.32%) than in 2006 (0.6%) [15], and this could be related 
to the establishment of the surveillance system. Although 
the detection of HAIs has increased in recent years, the 
validity of the surveillance system has not been well stud-
ied [13]. Evidence for HAIs diagnosis may be challenging 
to obtain in passive surveillance, resulting in misclassifi-
cation and underreporting [6] because clinical signs and 
symptoms are typically unavailable from medical records 
[16]. Regarding the importance of evaluating the avail-
able surveillance system, this study aimed to estimate the 
incidence rate of HAIs in general and in different types 
of HAIs and compare the findings with the reported 
incidence rate by the surveillance system. Moreover, the 

accuracy of reported HAIs was estimated, and the barri-
ers of detecting HAIs were studied.

Methods
Study setting and design
To assess the incidence rate and the accuracy of HAIs 
diagnosis, we designed a 3-month longitudinal study 
from 23th September to 21th December 2021, with daily 
follow-ups. In parallel, we compared the incidence of 
HAIs using data extracted from the routine surveillance 
during the same period in a tertiary-care teaching hos-
pital, Afzalipour hospital, in Kerman city, southeastern 
Iran. Furthermore, we conducted a qualitative study in 
18 hospitals in different cities to identify the barriers of 
HAIs diagnosis.

Part 1: quantitative study
In the longitudinal study, we included patients from six 
wards among 24 active wards in the hospital, based on 
disease variety, ward turnover, and the variety of HAI 
reports, including internal medicine, surgery intensive 
care unit (ICU), gastrointestinal diseases, pulmonary dis-
eases, general surgery, and  women’s surgery. We included 
all the admitted patients with a central venous catheter 
(CVC), mechanical ventilation, or Foley catheter from 
four wards (internal medicine, surgery ICU, gastroin-
testinal diseases, and pulmonary diseases). Patients in 
two wards (general surgery and women’s surgery) were 
not followed up for device infection because Foley cath-
eters were fixed in the patients at the time of operation. 
Severe patients in two wards were transformed into sur-
gery ICUs. We also added two wards, general surgery, 
and women’s surgery, to detect SSIs because these two 
wards were responsible for most of the SSIs reported in 
the hospital.

Follow-ups of patients were started after admission to 
the ward and ended if they were discharged or died. A 
trained and experienced nurse (NN) referred to six wards 
daily and asked the nurses who were in charge of infec-
tion control and other staff about HAIs. He followed up 
patients and asked them or their relatives and the respon-
sible nurse to look for signs or symptoms of infection. He 
also recorded the mode of ventilators set according to the 
bedside chart and observed the mode on the ventilator 
screen. We excluded all infections acquired in the com-
munity before the admission and secondary infection 
events in BSI.

In order to reach the objectives of the study, these data 
were recorded during the follow-up period: the admis-
sion code, hospitalization history, cause of the hospi-
talization, signs of infection, urine catheter date, CVC 
date, endotracheal tube date, registered vital signs, clini-
cal symptoms, laboratory findings, surgical intervention 
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record, positive end-expiratory pressure (PEEP) of the 
ventilator, and FiO2 daily. Also, we registered demo-
graphic data (age, sex), comorbidities, disease history, 
date of hospitalization, and discharge or death date.

Definition of HAIs in the longitudinal study and rou-
tine surveillance was based on the standard definitions of 
INIS [15]. HAIs were diagnosed according to the case def-
inition of INIS and consulted with an infectious diseases 
specialist (IG) or according to the therapeutic physician’s 
opinion. The definition of included HAIs is presented in 
Table  1. Central Line-associated Bloodstream Infection 
(CLABSI) is one of the four main causes of HAIs, but in 
our study, it is not investigated because, up to now, we do 
not have a detection method in use. In particular, we or 
some of our hospitals do not apply. The Infectious Dis-
eases Society of America published recommendations for 
the diagnosis and treatment of CLABSI. They describe 
preferential culturing of catheter tips and avoidance of 
broth culturing techniques and define the interpretation 
of roll plate (> 15 CFU from a 5 cm segment) and soni-
cation techniques (> 102  CFU) when assessing for colo-
nization. CLABSI diagnosis can be made when culture 
results identify the same organism in at least the culture 
obtained as a peripheral stick and from a culture of the 
catheter tip. If the catheter is left in place, the diagnosis 
can be made if there are two blood samples being drawn 
(one from the catheter and one from a peripheral stick) 
that meet specific criteria for quantitative blood cultures 

or differential time to positivity [17, 18]. To assess the 
discrepancy between the report of routine surveillance 
and the result of the longitudinal study, we referred to the 
hospital archive and reviewed the patients’ records.

Data management and analysis
After completing the follow-up period, another author 
(AK) was referred to the hospital’s infection con-
trol center and received data on the routine surveil-
lance systems for each HAI. The admission code was 
used to link data from the routine surveillance system 
and the longitudinal study. We used hospital informa-
tion systems (HIS) data to reduce missing data and 
confirm data validity using laboratory and pharmacy 
information.

Data were analyzed using descriptive statistics (pro-
portion and percentage for categorical data, mean 
and standard deviation for continuous data). Also, the 
incidence rate of HAIs in general and for each specific 
HAIs (per 1000 patient-days), and their 95% Confidence 
Intervals (CI) were calculated. The Chi-square test was 
used to compare proportions in two approaches (lon-
gitudinal study and routine surveillance). Kappa, sen-
sitivity, specificity, positive predictive value (PPV), and 
negative predictive value (NPV) were also calculated. 
All analyses were calculated by Stata software version 
14.2 (StataCorp, College Station, TX, USA).

Table 1 Definitions of any types of healthcare-associated infections to measure the incidence rate and reporting accuracy

ф SSI: surgical site infection; 1SUTI: Symptomatic urinary tract Infection; ɰCAUTI: catheter-associated urinary tract infection; ʤnon-CAUTI: non-catheter-associated 
urinary tract; 2BSI: bloodstream infection; ϯVAP: ventilator-associated pneumonia

Category Subcategory Definition

SSIф Superficial Incisional Infections 30 days after the operation and infection involves only skin and subcutaneous tissue, and at least one of 
the following criteria: I. Purulent drainage from the superficial incision. II. Culture-positive from the superficial inci-
sion. III. At least one of the following signs or symptoms of infection: pain or tenderness, localized swelling, redness, 
or fever, and superficial incision that is deliberately opened by the surgeon and not cultured. IV. Diagnosis of superfi-
cial incisional SSI by the surgeon or attending physician

Deep Incisional Deep SSI infection is identified by infections 30 or 90 days after the operation. It involves deep soft tissues (e.g., fascial 
and muscle layers), and the patient has at least one of the following: I. Purulent drainage from the deep incision. 
II. A deep incision spontaneously dehisces or is deliberately opened by a surgeon and is culture-positive or not 
cultured. The patient has at least one of the following signs or symptoms: a. Fever above 38 °C (100.4°F) or localized 
pain or tenderness. b. The evidence of abscess or infection in direct examination or by histopathologic or radiologic 
examination

SUTI1 CAUT ɰ I. The patient was fitted with a Foley catheter for two days, II. And at least one of the following symptoms or signs 
involved: fever above 38 °C (100.4°F), suprapubic tenderness, costovertebral angle tenderness or pain, urinary inconti-
nence, frequent urination, urine urgency, III. And positive culture

non-CAUTIʤ I. Patients have no Foley catheter, II. And at least one symptom, and sign fever above 38 °C (100.4°F), suprapubic 
tenderness, costovertebral angle tenderness or pain, urinary incontinence, frequent urination, urine urgency III. And 
positive culture

BSI2 Definite: I. At least a positive culture with well-known pathogen BSI, II. And non-secondary BSI

VAPϯ VAP is a definite combination of laboratory and clinical findings as I. After at least 2 days stability of the patient’s 
condition with ventilation, at least raise 0.20 in min FiO2 for a least 2 days, or at least grow three cm  H2O in PEEP for at 
least two days. II. Fever above 38 °C (100.4°F), leukopenia (WBC 4000/mm3 or less) or leukocytosis (WBC 12,000/mm3 
or more), and began new antibiotic at least four days. III. Purulent respiratory secretion IIII, and positive culture
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Part 2: qualitative study
To assess the barriers of the detection of HAIs, we carried 
out a qualitative study. In this study, using convenient 
sampling, 18 infection control experts in different hospi-
tals around the country were recruited for interview. The 
interview was conducted in a private, public, or military 
hospital with more than 100 active beds. They were asked 
about their experiences in controlling infection and their 
opinion on barriers of detection and registration of HAIs. 
Data were obtained using semi-structured interviews in 
20–40  min. We obtained explicit consent from partici-
pants to record their interviews with an audio recording 
device. Data saturation was reached after interview 14.

The interviews were analyzed using content analysis. 
The procedures applied were as follows: after imple-
menting the interviews by the first author, they were 
transcribed verbatim by two separate authors. The cred-
ibility, transferability, dependability, and confirmability of 
the interviews were considered and confirmed [19, 20]. 
Each interview was read to get a general understanding 
and meaning units were identified and condensed to be 
labeled with codes. Then, codes were classified into sub-
categories and categories (the primary codes), and finally 
the underlying meaning was extracted. MAXQDA soft-
ware version 10 (VERBI Software; Udo Kuckartz, Berlin, 
Germany) was used to analyze the data.

Results
Among 404 enrolled patients, 42.0% (n = 169) were in 
internal medicine ward, 18.3% (n = 74) were in surgery 
ICU ward, 18.0% (n = 73) were in gastrointestinal dis-
eases ward, 9.6% (n = 39) were in pulmonary ward, 6.7% 
(n = 27) were in general surgery ward, and 5.4% (n = 22) 
were in  women’s surgery ward (Fig. 1).

The mean age of the patients was 58.5 ± 1.05 years, and 
51.7% (n = 209) were male. The mean length of stay at the 
hospital was 11.1 ± 0.5  days. The prevalence of comor-
bidities was: hypertension (37.0%), diabetes (22.0%), 

gastrointestinal diseases (16.8%), heart disease (16.0%), 
and cancer (14.5%). Totally, 26.6% (n = 106) of the admit-
ted patients died during the follow-up. Mortality propor-
tion among the patients with HAIs was 40.9% (n = 36 out 
of 88; 95% CI: 30.5, 51.9), and it was significantly higher 
than those without HAIs 22.2% (n = 70 out of 316; 95% 
CI: 18.1, 27.6; P_value = 0.001) (Table 2).

Among 404 recruited patients in the longitudinal study, 
88 HAIs (21.8%; 95% CI: 17.9, 26.1) were detected. The 
incidence rate of HAIs in the longitudinal study was 
17.1 (95% CI: 14.1, 21.1) per 1000 patient-days follow-
up. The incidence rate of SSI was 6.5, BSI was 6.1, VAP 
was 3.8, and UTI was 3.4 per 1000 patient-days (Table 3). 
Among the 404 recruited samples, 116 HAIs (28.7%; 95% 
CI: 24.3, 33.4) were detected in the same period by the 
routine surveillance system (incidence rate: 22.5; 95% CI: 
18.8, 27.0) per 1000 patient-days.

The sensitivity of routine surveillance system for 
detecting HAIs was 61.4% (95% CI: 56.8, 65.9). Also, it 
was 82.6% (95% CI: 79.1, 86.1) for specificity, 46.5% (95% 
CI: 41.9, 51.2) for PPV and 89.7% (95% CI: 86.8, 92.5) for 
NPV. The highest sensitivity was 76.5% (95% CI: 72.3, 
80.6) for the reporting of VAP, and UTI was 66.7% (95% 
CI: 62.1, 71.3); however, the lowest sensitivity was 44.4% 
(95% CI: 39.6, 49.3) for the reporting of BSI, and SSI 
was 48.3% (95% CI: 43.4, 53.1). The highest PPV related 
to reporting of SSI was 60.9% (95% CI: 56.1, 65.6), and 
BSI was 54.5% (95% CI: 49.7, 59.4); however, the lowest 
PPV related to reporting of UTI was 32.3% (95% CI: 27.7, 
36.8), and VAP was 32.5% (95% CI: 27.9, 37.1) (Table 4).

All the interviewed ICNs were women; most of them 
were in the age range of 33–55 years and had 1–15 years 
of experience. The main barriers of identifying HAIs 
were: lack of collaboration from the infection control 
link nurses (ICLNs), lack of cooperation of laboratories, 
lack of motivation, prescription of antibiotics before 
culture, different responsibilities, the heavy workload of 
ICNs, and not having up-to-date knowledge (Table  5). 

Fig. 1 Flow chart of the included participants to assess the incidence of healthcare-associated infections (n = 404)
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Moreover, 11 out of 18 ICNs announced that the iden-
tification of HAIs was only based on the culture results 
registered in HIS.

Discussion
In this study, the incidence rate of HAIs was estimated 
at 17.1 per 1000 patient-days in the longitudinal study; 
however, this was 22.5 per 1000 patient-days for the rou-
tine surveillance system. However, the incidence rate of 

detection was higher in the routine surveillance, but the 
detection accuracy was low. In this regard, the sensitiv-
ity of the routine surveillance was 61.4%, the specificity 
was 82.6%, and the NPV was 89.7%. The main problem 
of routine surveillance was low PPV (46.5%). The low-
est PPV was related to the detection of UTI (32.3%) and 
VAP (32.5%); however, the highest PPV was related to the 
detection of SSI (60.9%). The most significant challenges 
for detecting HAIs were lack of collaboration of ICLNs 
as well as lack of collaboration of laboratory supervisors.

In the longitudinal study, the incidence rate of HAIs 
was 17.1 per 1000 patient-days, and the most incident 
infection was related to SSI (6.5 per 1000 patient-days). 
The estimated incidence in this study was higher than 
estimates in Scotland (3.3 per 1000 patient-days) [9], Tur-
key (3.6 per 1000 patient-days) [21], China (3.6 per 1000 
patient-days) [22]; however, it was lower than in Ethio-
pia (28.2 per 1000 patient-days) [10]. The incidence of 
HAIs in a study conducted by Iranian nosocomial infec-
tion surveillance in 2020 (incidence rate 7.41 per 1000 
patient-days) was lower than the estimated incidence 
in this study [11]. The higher incidence rate of HAIs in 
this study compared to the estimated HAIs in the devel-
oped countries could be due to different reasons such 
as long length of hospital stay [22], various definitions, 

Table 2 Demographic, clinical, and hospitalization characteristics from patients included in the longitudinal study

ϯ VAP: ventilator-associated pneumonia; фSSI: surgical site infection; 2BSI: bloodstream infection; 1UTI: urinary tract infection

Variable Total, n (%) n = 404 VAPϯ n (%) n = 17 SSIф n (%) n = 29 BSI2 n (%) n = 27 UTI1 n (%) n = 15

Sex

 Male 209 (51.7) 8 (47.0) 6 (20.7) 13 (48.2) 6 (40.0)

 Female 195 (48.3) 9 (53.0) 23 (79.3) 14 (51.9) 9 (60.0)

Hospital discharge

 Recovery 233 (58.4) 1 (5.9) 23 (79.3) 12 (44.4) 6 (40.0)

 Discharges against medical advice 40 (10.1) 0 (0.0) 2 (6.9) 1 (3.7) 0 (0.0)

 Death 106 (26.6) 15 (88.2) 2 (6.9) 12 (44.4) 7 (46.7)

 Transport to another hospital 20 (5.0) 1 (5.9) 2 (6.9) 2 (7.5) 2 (13.3)

 Start day of antibiotic prescription

 First day 191 (59.5) 12 (70.6) 16 (55.2) 17 (63.0) 7 (46.6)

 Second days and above 130 (40.5) 5 (29.4) 13 (44.8) 10 (37.0) 8 (53.4)

Days with Endotracheal ventilation

 < 8 days 28 (56.0) 2 (11.8) 4 (100.0) 7 (70.0) 2 (28.6)

 ≥ 8 days 22 (44.0) 15 (88.2) 0 (0.0) 3 (30.0) 5 (71.4)

Number of urine catheter

 1 289 (91.7) 15 (88.2) 7 (70.0) 19 (82.6) 15 (80.0)

 ≥ 2 28 (8.3) 2 (11.8) 3 (30.0) 4 (17.4) 3 (20.0)

Mean ± SD

 Age (years) 58.5 ± 1.05 57.06 ± 4.78 40.0 ± 3.68 57.02 ± 5.07 57.3 ± 4.60

 Admission duration (days) 11.11 ± 0.5 22 ± 2.95 13.48 ± 2.32 14.62 ± 2.5 20.9 ± 4.03

 Duration of antibiotic Use in HAI 
patients (years)

12.26 ± 0.93 20.35 ± 2.65 10.38 ± 1.62 10.7 ± 1.6 16.53 ± 3.86

Table 3 Incidence rate (per 1000 patient-days) of healthcare-
associated infections according to longitudinal study and 
surveillance data

Ϯ HAIs: healthcare-associated infections; ϯVAP: ventilator-associated pneumonia; 
фSSI: surgical site infection; 2BSI: bloodstream infection; 1UTI: urinary tract 
infection; *CI: Confidence interval

Variable Longitudinal study Surveillance data
Incidence rate (95%  CI*) Incidence rate (95% CI)

HAIsϮ 17.1 (14.1, 21.1) 22.5 (18.8, 27.0)

VAPϯ 3.8 (2.4, 6.1) 9.1 (6.6, 12.2)

SSIф 6.5 (4.5, 9.4) 5.2 (3.4, 7.8)

BSI2 6.1 (4.2, 8.8) 4.9 (3.3, 7.5)

UTI1 3.4 (2.1, 5.6) 7.1 (5.1, 9.9)
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a low record of healthcare-associated infection in some 
regions, and a higher record of healthcare-associated 
infection in teaching hospitals [23]. As healthcare-associ-
ated infections impose a significant burden on the system 
and patients [23], valid data is necessary to track, pre-
vent, and control HAIs [23, 24]. Increasing the accuracy 
of surveillance systems and conducting multicenter lon-
gitudinal studies are necessary to estimate the incidence 
of HAIs better.

However, the routine surveillance in the hospital 
detected more cases than the longitudinal study, but 
the accuracy of reporting HAIs was low. The significant 
problem in the accuracy of HAIs detection was related to 
the low PPV. In this regard, the longitudinal study con-
firmed less than half of the detected cases as HAIs. PPV 
in all kinds of HAIs was low in the routine surveillance; 
however, the lowest PPV was reported on the diagno-
sis of UTI and VAP. Low PPV could be related to some 
items, including detection of HAIs based on the culture 
and the lack of access to clinical signs and symptoms 
[16], and the precision of some infection indices (e.g., the 

presence of fever in patients) was low [25]. Empowering 
the routine surveillance system to diagnose and control 
HAIs at the national and hospital levels is necessary. 
The capacity of HAIs surveillance in diagnosis and con-
trol of HAIs is related to various factors, including hos-
pital microbiology capacity, susceptibility testing, high 
staff turnover, the quality of patient medical records, and 
collaboration of ICLNs [16]. In Iran, laboratory culture 
tests are an important part of detecting and controlling 
infections; however, intersectoral collaboration, stand-
ard laboratories, and supplies are limited [26]. Surveil-
lance requires information from emergency department 
reports, admission history, and physical reports, includ-
ing signs, symptoms, bedside interventions, diagnos-
tic imaging, physician impressions, general consulting 
reports, antimicrobial treatment, and physician impres-
sions [27]. The surveillance system may have missed this 
information, resulting in an error in detecting HAIs [28]. 
A computerized surveillance system to detect respiratory 
infections and SSIs, as well as the use of technologies to 
gain access to patient signs, symptoms, interventions, 

Table 4 Accuracy of surveillance data and disagreement between longitudinal study and surveillance data

¶ PPV: positive predictive value; ɠNPV: negative predictive value; ɰKappa: Cohen’s kappa; ϮHAIs: healthcare-associated infections; ϯVAP: possible ventilator-associated 
pneumonia; фSSI: surgical site infection; 2BSI: bloodstream infection; 1UTI: urinary tract infection; *CI: confidence intervals

No. of cases according 
to surveillance system

No. of cases detected according to the longitudinal study

Non HAIs HAIsϮ Not VAP VAPϯ Not SSI SSIф Not BSI BSI2 Not UTI UTI1

No 295 34 360 4 366 15 367 15 368 5

Yes 62 54 27 13 9 14 10 12 21 10

Sensitivity % (95%  CI*) 61.4 (56.8, 65.9) 76.5 (72.3, 80.6) 48.3 (43.4, 53.1) 44.4 (39.6, 49.3) 66.7 (62.1, 71.3)

Specificity% (95% CI) 82.6 (79.1, 86.1) 93.1 (90.6, 95.5) 97.6 (96.1, 99.1) 97.4 (95.8, 98.9) 94.6 (92.4, 96.8)

PPV¶% (95% CI) 46.5 (41.9, 51.2) 32.5 (27.9, 37.1) 60.9 (56.1, 65.6) 54.5 (49.7, 59.4) 32.3 (27.7, 36.8)

NPVɠ% (95% CI) 89.7 (86.8, 92.5) 98.9 (97.9, 99.9) 96.1 (94.2, 98.1) 96.1 (94.2, 98.1) 98.7 (97.5, 99.8)

Kappaɰ (95% CI) 0.4 (0.30, 0.48) 0.42 (0.33, 0.51) 0.51 (0.41, 0.60) 0.46 (0.36, 0.55) 0.41 (0.31, 0.05)

Table 5 Barriers of diagnosing HAIs, according to an interview with 18 experts responsible for controlling infection

*ICLN: infection control link nurses; **ICN: infection control nurses

Theme (n) Example

lack of collaboration of ICLNs* “We must walk through the wards and ask one by one that the patients, for example, do not have fever today. 
Or, in the case of the patient who returned after surgery, why did he return? You did not report this culture, 
no, no, this one came from another hospital, this one came from another ward, staff did not report.”

Different responsibilities and heavy 
workload of ICNs**

“My infection control supervisor is not a full-time employee, I am a clinical supervisor, which means I have no 
free time as for infection control.”

lack of laboratory collaboration “Lack of laboratory cooperation means, …. we monitor them every three months, it means that they really 
exist, but these are not reported.”

lack of motivation We have been oppressed a lot … To be honest, we have little motivation, I was in the infection control group 
a lot, most of us have meetings … The least observed place is the infection control unit

Prescription of antibiotics before culture “It is an overuse of antibiotics. The patient started antibiotics and then was sent for culture.”

lack of up-to-date knowledge “Sometimes it means that the training was supposed to be a comprehensive training … which was a very 
incomplete training, that is, a book training… nosocomial infections are detectable after surgery. It is simpler 
…, but what about those three, respiratory infections and urinary tract infections? What do we intend to do? 
We do not have a set program.”
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and physician assessments, are required [27]. As a result, 
we recommend improving intersectoral collaboration 
and laboratory capacity and developing the HIS.

Lack of collaboration from ICLNs, and laboratory 
supervisors were the main barriers of the detection and 
control of HAIs in Iran. A study in Iran reported that 
poor intersectoral partnership was one of the barriers of 
controlling HAIs [26]. Microbiology reports and patient 
medical charts are required for case detection in HAIs 
surveillance [29]. For instance, patient medical records 
and microbiologic evidence of pulmonary parenchymal 
infection are critical for VAP diagnosis, and impact VAP 
incidence and outcome reports [30]. Moreover, if the pri-
mary case-finding method in SSI is only based on micro-
biology reports, the ICN may miss SSI or some cases 
detected as SSI, incorrectly [31]. Although the laboratory 
surveillance method has a high sensitivity, approximately 
one out of every four cases of HAIs classified using the 
laboratory method are not true HAIs [32]. Weaknesses in 
case finding [29], and the use of laboratory results alone 
[32], may cause misdiagnosis of HAIs [29]. So, some mul-
tidisciplinary interventions and a decrease of barriers are 
necessary to report and control HAIs [26]. Therefore, it 
is advisable that policymakers focus on detecting and 
removing the barriers of the surveillance system’s accu-
racy. This could improve the surveillance system’s ability 
to detect HAIs.

This study had three limitations. First, we collected 
data from a tertiary-care teaching hospital in southeast 
Iran, thus, generalizability of the findings to other hospi-
tals in the country may be difficult. Second, patients were 
not followed up after discharge, so we might have missed 
some cases after discharge which may underestimate the 
reported incidence rate. Third, although antibiotic use is 
prevalent in hospitalized patients, some patients may not 
show the signs of infection, which could underestimate 
the HAIs.

Conclusions
We found that the incidence rate of HAIs was 17.1 per 
1000 patient-days. This indicates that 17.1 out of 1000 hos-
pitalized patients daily showed a sign of HAIs. However, 
the estimated incidence rate based on the hospital’s routine 
surveillance system was higher (21.8 out of 1000 hospital-
ized patients daily) than active follow-up of patients in the 
longitudinal study. Still, the accuracy of detection HAIs was 
low in the routine surveillance system. The low PPV in the 
detection of HAIS was the main problem of routine sur-
veillance in detecting HAIs in general and for each specific 
HAI. This discrepancy could be related to the differences 
in data collection methods, so routine surveillance in Iran 
depends on the collaboration from ICLNs and laboratory 
supervisors. We also found some barriers of misdiagnosis 

of the surveillance system, including, lack of collaboration 
from ICLNs, the high workload of ICNs, lack of laboratory 
cooperation, and lack of sufficient knowledge. To better 
control HAIs, empowering the current surveillance, focus-
ing on local and global data, and minimizing barriers of 
recognizing and reporting HAIs is necessary.

Acknowledgements
We thank hospital staff members and ICNs who helped us conduct this study.

Author contributions
Conceptualization and methodology: NN, HSH, AAH, IG, AKH, ASH. Investiga-
tion data and analysis: NN, HSH, AAH, MKH, IG, AK. Writing draft: NN, HSH, 
AB, MKH. Writing, review, and editing: NN, HSH, AB, AAH, MKH, AKH, ASH. All 
authors read and approved the final manuscript.

Funding
This study was funded by the Kerman University of Medical Sciences (Grant 
number: 400000394).

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was performed in accordance with the Declaration of Helsinki. 
The Research Ethics Committee of Kerman University of Medical Sci-
ences reviewed and approved the study protocol (ethics code IR.KMU.
REC.1400.270). The procedure of obtaining informed consent was approved 
by the Kerman University of Medical Sciences ethics committee. Participants 
were informed about the objectives, procedures, and anonymous nature of 
data collection. Informed consent from patients or families before the data 
collection from their clinical files and at the bedside was obtained in the lon-
gitudinal study. Moreover, Informed consent was obtained from the infection 
control nurses (ICNs) before the interview in the qualitative study. All methods 
were conducted in accordance with relevant guidelines and regulations. The 
Iranian nosocomial infection surveillance protocols were followed in the col-
lection of all information and experiments for the longitudinal study.

Consent for publication
Not applicable.

Competing interests
None declared.

Author details
1 Department of Biostatistics and Epidemiology, School of Public Health, 
Kerman University of Medical Sciences, Kerman, Iran. 2 HIV/STI Surveillance 
Research Center, and WHO Collaborating Center for HIV Surveillance, Institute 
for Futures Studies in Health, Kerman University of Medical Sciences, Kerman, 
Iran. 3 Department of Ophthalmology, Shafa Hospital, Afzalipour School 
of Medicine, Kerman University of Medical Sciences, Kerman, Iran. 4 Modeling 
in Health Research Center, Institute for Futures Studies in Health, Kerman 
University of Medical Sciences, Kerman, Islamic Republic of Iran. 5 Social 
Determinants of Health Research Center, Institute for Futures Studies in Health, 
Kerman University of Medical Sciences, Kerman, Iran. 6 Sirjan School of Medical 
Sciences, Sirjan, Iran. 

Received: 19 June 2022   Accepted: 27 February 2023



Page 8 of 8Nasiri et al. BMC Infectious Diseases          (2023) 23:171 

•
 
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: 

References
 1. Department of Health and Human Services (HHS). Health Care-Asso-

ciated Infections, https:// www. hhs. gov/ oidp/ topics/ health- care- assoc 
iated- infec tions/ index. html. Accessed 12 December 2022.

 2. Mehta Y, Gupta A, Todi S, Myatra S, Samaddar D, Patil V, et al. Guidelines 
for prevention of hospital acquired infections. Indian J Crit Care Med. 
2014;18:149–63.

 3. Ayobami O, Willrich N, Harder T, Okeke IN, Eckmanns T, Markwart R. The 
incidence and prevalence of hospital-acquired (carbapenem-resistant) 
Acinetobacter baumannii in Europe, Eastern Mediterranean and 
Africa: a systematic review and meta-analysis. Emerg Microbes Infect. 
2019;8:1747–59.

 4. Lambert M-L, Suetens C, Savey A, Palomar M, Hiesmayr M, Morales I, et al. 
Clinical outcomes of health-care-associated infections and antimicrobial 
resistance in patients admitted to European intensive-care units: a cohort 
study. Lancet Infect Dis. 2011;11:30–8.

 5. Pezhman B, Fatemeh R, Amir R, Mahboobeh R, Mohammad F. Nosoco-
mial infections in an Iranian educational hospital: an evaluation study 
of the Iranian nosocomial infection surveillance system. BMC Infect Dis. 
2021;21:1–8.

 6. Organization WH. Report on the Burden of Endemic Health Care-Asso-
ciated Infection Worldwide Geneva, http:// apps. who. int/ iris/ bitst ream/ 
10665/ 80135/1/ 97892 41501 507_ eng. pdf?/; published (2011). Accessed 5 
June 2022.

 7. Ghashghaee A, Behzadifar M, Azari S, Farhadi Z, Bragazzi NL, Behzadifar M, 
et al. Prevalence of nosocomial infections in Iran: a systematic review and 
meta-analysis. Med J Islam Repub Iran. 2018;32:48.

 8. Cassini A, Plachouras D, Eckmanns T, Abu Sin M, Blank H-P, Ducomble T, 
et al. Burden of six healthcare-associated infections on European popula-
tion health: estimating incidence-based disability-adjusted life years 
through a population prevalence-based modelling study. PLoS Med. 
2016;13: e1002150.

 9. Stewart S, Robertson C, Pan J, Kennedy S, Dancer S, Haahr L, et al. Epide-
miology of healthcare-associated infection reported from a hospital-wide 
incidence study: considerations for infection prevention and control 
planning. J Hosp Infect. 2021;114:10–22.

 10. Ali S, Birhane M, Bekele S, Kibru G, Teshager L, Yilma Y, et al. Healthcare 
associated infection and its risk factors among patients admitted to a 
tertiary hospital in Ethiopia: longitudinal study. Antimicrob Resist Infect 
Control. 2018;7:1–9.

 11. Izadi N, Eshrati B, Etemad K, Mehrabi Y, Hashemi-Nazari S-S. Rate of the 
incidence of hospital-acquired infections in Iran based on the data of the 
national nosocomial infections surveillance. New Microbes New Infect. 
2020;38: 100768.

 12. Saleem Z, Godman B, Hassali MA, Hashmi FK, Azhar F, Rehman IU. Point 
prevalence surveys of health-care-associated infections: a systematic 
review. Pathog Glob Health. 2019;113:191–205.

 13. 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;379:1732–44.

 14. Eybpoosh S, Eshrati B. Nosocomial infection surveillance system 
in Iran: structures, processes and achievements. Iran J Epidemiol. 
2019;15:105–15.

 15. Center for Disease Control. Ministry of Health and Medical Education. 
National guidelines of Health care associated infection in Iran. 3th ed. 
Ministry of Health and Medical Education. 2019.

 16. Talaat M, El-Shokry M, El-Kholy J, Ismail G, Kotb S, Hafez S, et al. National 
surveillance of health care–associated infections in Egypt: developing a 
sustainable program in a resource-limited country. Am J Infect Control. 
2016;44:1296–301.

 17. Luzum M, Sebolt J, Chopra V. Catheter-associated urinary tract infec-
tion, Clostridioides difficile colitis, central line–associated bloodstream 
infection, and methicillin-resistant Staphylococcus aureus. Med Clin. 
2020;104(4):663–79.

 18. Centers for Disease Control and Prevention (CDC). Bloodstream Infection 
Event (Central Line-Associated Bloodstream Infection and non-central 
lineassociated Bloodstream Infection), https:// www. cdc. gov/ nhsn/ pdfs/ 
pscma nual/ 4psc_ clabs curre nt. pdf. Accessed January 2023.

 19. Elo S, Kyngäs H. The qualitative content analysis process. J Adv Nurs. 
2008;62:107–15.

 20. Elo S, Kääriäinen M, Kanste O, Pölkki T, Utriainen K, Kyngäs H. Quali-
tative content analysis: a focus on trustworthiness. SAGE Open. 
2014;4:2158244014522633.

 21. Erdem I, Yıldırım I, Safak B, Karaali R, Erdal B, Ardic E, et al. A 5-year 
surveillance of healthcare-associated infections in a university hospital: a 
retrospective analysis. SAGE Open Med. 2022;10:20503121221091788.

 22. Zhang Y, Du M, Johnston JM, Andres EB, Suo J, Yao H, et al. Incidence of 
healthcare-associated infections in a tertiary hospital in Beijing, China: 
results from a real-time surveillance system. Antimicrob Resist Infect 
Control. 2019;8(1–9):7.

 23. Allegranzi B, Nejad SB, Combescure C, Graafmans W, Attar H, Donaldson L, 
et al. Burden of endemic health-care-associated infection in developing 
countries: systematic review and meta-analysis. Lancet. 2011;377:228–41.

 24. Balsells E, Shi T, Leese C, Lyell I, Burrows J, Wiuff C, et al. Global burden of 
Clostridium difficile infections: a systematic review and meta-analysis. J 
Glob Health. 2019;9: 010407.

 25. Eshrati B, Asl HM, Afhami S, Pezeshki Z, Seifi A. Health care-associated 
infections in Iran: a national update for the year 2015. Am J Infect Control. 
2018;46:663–7.

 26. Esfandiari A, Rashidian A, Asl HM, Foroushani AR, Salari H, Sari AA. 
Prevention and control of health care–associated infections in Iran: a 
qualitative study to explore challenges and barriers. Am J Infect Control. 
2016;44:1149–53.

 27. Tinoco A, Evans RS, Staes CJ, Lloyd JF, Rothschild JM, Haug PJ. Compari-
son of computerized surveillance and manual chart review for adverse 
events. J Am Med Inform Assoc. 2011;18:491–7.

 28. Seifi A, Dehghan-Nayeri N, Rostamnia L, Varaei S, Sari AA, Haghani H, et al. 
Health care–associated infection surveillance system in Iran: reporting 
and accuracy. Am J Infect Control. 2019;47:951–5.

 29. Backman LA, Melchreit R, Rodriguez R. Validation of the surveillance and 
reporting of central line-associated bloodstream infection data to a state 
health department. Am J Infect Control. 2010;38:832–8.

 30. Rahimibashar F, Miller AC, Yaghoobi MH, Vahedian-Azimi A. A comparison 
of diagnostic algorithms and clinical parameters to diagnose ventilator-
associated pneumonia: a prospective observational study. BMC Pulm 
Med. 2021;21:1–11.

 31. Backman LA, Carusillo E, Laurie N, Melchreit R, Fekieta R. Validation of 
surgical site infection surveillance data in colon procedures reported 
to the Connecticut Department of Public Health. Am J Infect Control. 
2017;45:690–1.

 32. Almond J, Leal J, Bush K, Rogers E, Henderson EA, Ellison J. Hospital-
acquired Clostridioides difficile infections in Alberta: the validity of 
laboratory-identified event surveillance versus clinical infection surveil-
lance. Am J Infect Control. 2020;48:633–7.

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

https://www.hhs.gov/oidp/topics/health-care-associated-infections/index.html
https://www.hhs.gov/oidp/topics/health-care-associated-infections/index.html
http://apps.who.int/iris/bitstream/10665/80135/1/9789241501507_eng.pdf
http://apps.who.int/iris/bitstream/10665/80135/1/9789241501507_eng.pdf
https://www.cdc.gov/nhsn/pdfs/pscmanual/4psc_clabscurrent.pdf
https://www.cdc.gov/nhsn/pdfs/pscmanual/4psc_clabscurrent.pdf

	Incidence, accuracy, and barriers of diagnosing healthcare-associated infections: a case study in southeast Iran
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study setting and design
	Part 1: quantitative study
	Data management and analysis
	Part 2: qualitative study

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


