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Background: Healthcare-associated infections (HCAIs) challenge public health in devel-
oping countries such as Brazil, which harbour social inequalities and variations in the
complexity of healthcare and regional development.
Aim: To describe the prevalence of HCAIs in hospitals in a sample of hospitals in Brazil.
Methods: A prevalence survey conducted in 2011e13 enrolled 152 hospitals from the five
macro-regions in Brazil. Hospitals were classified as large (�200 beds), medium (50e199
beds) or small sized (<50 beds). Settings were randomly selected from a governmental
database, except for 11 reference university hospitals. All patients with >48 h of admis-
sion to the study hospitals at the time of the survey were included. Trained epidemiologist
nurses visited each hospital and collected data on HCAIs, subjects’ demographics, and
invasive procedures. Univariate and multivariate techniques were used for data analysis.
Findings: The overall HCAI prevalence was 10.8%. Most frequent infection sites were
pneumonia (3.6%) and bloodstream infections (2.8%). Surgical site infections were found in
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1.5% of the whole sample, but in 9.8% of subjects who underwent surgical procedures. The
overall prevalence was greater for reference (12.6%) and large hospitals (13.5%), whereas
medium- and small-sized hospitals presented rates of 7.7% and 5.5%, respectively. Only
minor differences were noticed among hospitals from different macro-regions. Patients in
intensive care units, using invasive devices or at extremes of age were at greater risk for
HCAIs.
Conclusion: Prevalence rates were high in all geographic regions and hospital sizes. HCAIs
must be a priority in the public health agenda of developing countries.
ª 2017 The Healthcare Infection Society. Published by Elsevier Ltd. All rights reserved.
Introduction

There is compelling evidence that the burden of healthcare-
associated infections (HCAIs) is greater in developing countries
[1,2]. However, a recent systematic review pointed out that
the quality of data from those settings is often poor [2]. One
could add to this scenario the scarcity of national surveillance
systems and of comprehensive prevalence surveys conducted
in poor and middle-income countries [3].

In previous decades, prevalence surveys have been carried
out in several countries, with the objective of providing a
‘snapshot’ picture of HCAIs in an extensive area [4e6]. Their
main advantage over prospective surveillance systems lies in
the possibility of accurate and comprehensive collection of
data. It is even possible to employ trained teams for active data
collection, thus avoiding heterogeneity in the accuracy of local
surveillance. Therefore, prevalence surveys may provide in-
formation that is consistent and reliable [7].

In Brazil, the only previous multi-state prevalence survey
was conducted in the early 1990s by Prade et al. and included
99 tertiary-care hospitals [8]. Those authors found the overall
prevalence of HCAIs to be 15.5%. In spite of the importance of
these findings, that survey did not assess the burden of HCAIs in
middle or small-sized hospitals. It is worth noting that most
hospitals in Brazil have <50 beds [9]. Even though those hos-
pitals care for less complex diseases, they perform many sur-
gical and obstetric procedures [10]. Since those procedures
pose infection risks, small hospitals must be addressed in
infection control surveillance and policies.

In this study, we describe the results of a prevalence survey
conducted throughout 18 months during 2011e13, enrolling
hospitals with different sizes from 10 states located in the five
macro-regions in Brazil. The study grew out of a project aimed
at identifying the burden of HCAIs and the resources for
infection control in Brazilian hospitals (Project ‘IRAS-Brasil’).
Methods

Study design and settings

A prevalence survey was conducted from November 2011
through April 2013 (an 18-month period), enrolling a sample of
hospitals from 10 states in Brazil. There was an attempt to
include states from the five Brazilian macro-regions: North,
one state (Pará); Northeast, three (Ceará, Paraiba, and Per-
nambuco); Midwest, one (Goiás); Southeast, three (Minas
Gerais, Rio de Janeiro, and São Paulo); South, two (Paraná and
Rio Grande do Sul).
Eleven ‘reference hospitals’ (two in São Paulo and one in
each of the above 10 states) were enrolled and co-ordinated
the study in each state. A further 141 acute care hospitals
were randomly selected from the national registry of health-
care settings [Cadastro Nacional de Estabelecimentos de Saúde
(CNES), http://cnes.datasus.gov.br]. The total number of
hospitals from the study states recorded in that database was
4176. The study enrolled public, private, and non-profit
hospitals.

The selection of hospitals was based on the proportionality
among states and size categories. Hospitals were classified as
large (�200 beds), medium (50e199 beds) or small (<50 beds).
Briefly, a database containing every hospital in the study states
was generated. The sample for each state was calculated ac-
cording to its representativeness in the total number of hos-
pitals, and stratification within that sample was performed
according to the proportionality of size categories (large, me-
dium or small hospitals) in that state. The participation of
hospitals in the study was voluntary. Whenever a hospital
declined to participate, another hospital from the same state
and size category was randomly selected and included in the
study.
Data collection and definitions

Data were collected by a team of nurses with experience in
infection control and surveillance of HCAIs. That team was
constituted uniquely for the purpose of this research and did
not include local infection control professionals from study
hospitals. All these nurses were submitted to additional
training on surveillance definitions and methods, as well as to
supervision by the study co-ordination, regarding operational
procedures and results. A written guideline with strict pro-
cedures for data collection was developed.

The survey was performed in visits to each hospital on
Tuesdays, Wednesdays, and Thursdays, in order to avoid bias
due to concentration of severe cases near weekends [11]. Visits
and data collection in individual hospitals took from one to nine
days, according to hospital size and complexity. The study was
strictly observational, and no intervention for infection control
(e.g. education, provision of resources) was performed by the
research team in the hospitals before or during the survey.

Data were obtained from patients’ charts, laboratory files,
and e when necessary e through direct examination of the
patient. All patients who were admitted for two days before
the visit were included in the study. The collected data
comprised demographics, comorbidities, procedures, invasive
devices, and use of antimicrobials, as well as the presence of
HCAIs.
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Table I

Prevalence of HCAIs according to regions in Brazil

Region Subjects Total HCAI Patients with HCAI Pneumonia BSI SSI UTI SST Other

Southeast [reference] 2722 11.7 10.2 3.8 3.2 1.6 [8.2] 1.8 0.6 0.8
Northeast 1517 9.8 9.3 3.4 3.3 0.9 [7.8] 0.8* 0.4 1.0
Midwest 257 13.2* 11.3 4.3 1.5 3.1 [24.2]* 0.8 1.2 2.3*
North 672 12.5 12.2 4.3 2.2 1.9 [17.1]* 1.5 1.6* 0.9
South 1352 8.7* 8.3 2.7 2.2 1.4 [10.7] 1.3 0.4 0.7
Total 6520 10.8 9.9 3.6 2.8 1.5 [9.8] 1.4 0.6 0.9

HCAI, healthcare-associated infections; BSI, bloodstream infections; UTI, urinary tract infections; SSI, surgical site infections; SST, skin or soft tissue
infections.
All data are percentages of total subjects. Numbers in brackets represent SSI prevalence when calculated only for subjects submitted to surgical
procedures.
*Significantly different (P < 0.05) from the reference.
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HCAIs were defined according to the guidelines from Agên-
cia Nacional de Vigilância Sanitária (ANVISA, Brazil’s National
Agency for Sanitary Surveillance) [12]. Those guidelines were
largely based on definitions from the National Healthcare
Safety Network [13]. However, ANVISA guidelines expand the
definition of bloodstream infections (BSIs) to include patients
with clinically defined sepsis without laboratory confirmation.

Statistics

Data were entered and stored in a web-based (MySQL)
environment specifically developed for the project’s purpose.
Descriptive statistics were performed using SPSS 19 (IBM,
Armonk, NY, USA). The chi-square test was applied to compare
overall proportions for hospital categories or regions. When-
ever applicable, multivariate analysis using single-step logistic
regression models was used.

Results

The study comprised 152 hospitals. Table I presents the
distribution among macro-regions and hospital size categories.
A total of 6520 patients admitted to the surveyed hospitals met
inclusion criteria. The subjects were distributed as follows:
reference hospitals: 2750; other large hospitals: 1211;
medium-sized hospitals: 2147; small-sized hospitals: 412.

The prevalence rates for overall HCAIs and patients with
HCAIs were 10.8% [95% confidence interval (CI): 10.1e11.6%]
and 9.9% (95% CI: 9.1e10.6%). Most case patients (92%) pre-
sented HCAI in one site. Two or three simultaneous HCAIs were
Table II

Prevalence of HCAIs according to hospital size

Size category Subjects Total HCAIs Patients with HCA

Reference hospitals* 2750 12.6 11.5
�200 beds 1211 13.5 12.8
50e199 beds 2147 7.7* 6.9*
10e49 beds 412 5.5* 5.6*
Total 6520 10.8 9.9

HCAI, healthcare-associated infection; BSI, bloodstream infection; SSI, surg
infection.
All data are percentages of total subjects. Numbers in brackets represent
procedures.
*Significantly different (P < 0.05) from the reference.
found in 7% and 1%, respectively. The most frequent infectious
syndromes were pneumonia (overall prevalence, 3.6%), BSI
(2.9%), surgical site infection (SSI, 1.5%), and urinary tract
infection (UTI, 1.4%). The prevalence rate for SSI was 9.8%,
when calculated for a baseline population restricted to pa-
tients who had undergone surgical procedures. Other infec-
tious sites detected in the study (e.g. gastrointestinal tract,
peritoneum and central nervous system) had an aggregated
prevalence of 0.9%. Tables I and II present results stratified for
Brazil’s macro-regions and for hospital size, respectively. Dif-
ferences for macro-regions were generally small. The South
presented lower overall HCAI rate, but did not differ from other
regions in rates of patients with HCAI. Results stratified for age
categories are presented in Table III. Higher prevalence of most
infectious syndromes was found among neonates, infants and
elderly subjects.

Our study also focused on the prevalence of use of invasive
devices. The device use prevalence was 16.3% for central
venous catheter, 14.7% for urinary catheter, and 7.3% for me-
chanical ventilation. Among study subjects, 15.0% had under-
gone surgery during admission. Stratified results are presented
in Table IV.

Patients in intensive care units (ICUs) and high-risk nurseries
presented higher prevalence rates for overall HCAIs: 29.1% and
16.8%, respectively (Table V). Neonates and critically ill pa-
tients were more likely to develop HCAIs (and specifically
pneumonia or BSI) in multivariate models (Table VI). Other
significant predictors for infection were age >65 years (for
pneumonia and UTI), previous surgery (pneumonia, blood-
stream infections), and central venous catheter (for all
I Pneumonia BSI SSI UTI SST Other

3.7 3.9 2.0 [10.7] 1.3 0.6 1.2
4.6 3.6 1.7 [14.3] 1.8 0.7 1.0
3.2 1.6* 0.84 [6.7]* 1.2 0.1* 0.3*
0.2* 0.7* 0.49 [4.3]* 1.5 0.2 1.7
3.6 2.9 1.5 [9.8] 1.4 0.6 0.9

ical site infection; UTI, urinary tract infection; SST, skin or soft tissue

SSI prevalence when calculated only for subjects submitted to surgical



Table III

Prevalence of HCAI stratified for age categories

Age category Subjects Total HCAIs Patients with HCAI Pneumonia BSI SSI UTI SST Other

Newborn (<28 days) 454 18.5* 18.3* 4.4* 9.7* 0.9 [20.0] 0.0 0.0 3.5*
Infant (28 days to 1 year) 516 13.4* 13.0* 2.5* 7.0* 0.6 [4.6] 0.6 0.6 2.1*
1e5 years 389 6.4 6.4 3.1 1.0 0.8 [7.7] 0.8 0.3 0.5
6e9 years 153 8.5 8.5 2.6 3.9 2.0 [18.8] 0.0 0.0 0.00
10e19 years 459 8.3 8.1 3.1 1.5 1.5 [8.8] 0.4 0.7 1.1
20e49 years (reference) 1717 8.1 7.5 2.5 1.9 1.8 [8.2] 1.1 0.5 0.4
50e64 years 1131 10.0 8.8 3.1 2.0 1.7 [9.6] 1.8 0.7 0.7
�65 years 1701 13.1* 11.2* 5.4* 2.1 1.5 [13.9*] 2.6* 0.9* 0.5

HCAI, healthcare-associated infection; BSI, bloodstream infection; SSI, surgical-site infection; UTI, urinary tract infection; SST, skin or soft tissue
infection.
All data are percentages of total subjects. Numbers in brackets represent SSI prevalence when calculated only for subjects submitted to surgical
procedures.
*Significantly different (P < 0.05) from the reference.
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syndromes). Few regional differences were identified, but
subjects from the Midwest region were more likely to present
overall higher HCAI or, specifically, SSI prevalence. Finally,
when adjusted for other variables, hospital size was associated
only with overall HCAI rates.
Discussion

Since the SENIC study, several countries have attempted to
measure the burden and determinants of HCAI [14,15]. Sur-
veillance systems have been developed and refined, but
Table IV

Use of invasive devices and prevalence of post-surgical patients in
the study hospitals

Category Urinary

catheter

Central venous

catheter

Mechanical

ventilation

Surgery

Reference
hospitals

13.7% 18.8% 8.3% 18.2%

�200 bedsa 15.8% 16.2% 8.0% 11.4%*
50e199 beds 16.8%* 15.2%* 6.8%* 12.0%*
<50 beds 7.1%* 4.9%* 0.9%* 12.0%*
Total 14.7% 16.3% 7.3% 15.0%

Comparisons made using chi-square test for overall proportions.
*Rates differed significantly from the reference (P < 0.05).
a This group includes all hospitals with �200 beds, except the

reference hospitals.

Table V

Survey results for intensive care units and high risk nurseries

Parameter Intensive care units High risk nurseries

No. of subjects 691 382
Central venous catheter 34.4% 22.3%
Mechanical ventilation 26.7% 11.3%
Urinary catheter 34.6% 0
Overal HCAIs 29.1% 16.8%
Pneumonia 10.3% 2.7%
Bloodstream infections 4.8% 10.5%
Urinary tract infections 11.8% 0

HCAI, healthcare-associated infection.
adherence and reliability of data are major challenges for
developing countries [2,3]. In this setting, prevalence surveys
are especially useful.

Our results agree with previous studies reporting a high
burden of HCAIs in acute-care hospitals from low- and middle-
income countries [2]. Our overall prevalence of HCAIs (10.8%)
was higher than that reported for the USA (4.0%) and Europe
(7.1%) [16,17]. It was also higher than values reported in China
(3.6%), Cuba (7.3%), and Vietnam (7.8%) [18e20]. Comparing
our results to those reported in Allegranzi et al.’s meta-
analysis, our prevalence was similar to the overall rate
(10.1%) [2]. It was also lower than the prevalence arising from
studies that were classified as ‘high quality’ in that meta-
analysis (15.5%). Nevertheless, differences in methods for
hospital sampling, data collection and HCAI definitions are
important limitations for direct comparisons.

Similarly to most previous surveys, the lower respiratory
tract ranked first among infection sites [2,16,17]. However,
focused analysis of subjects who underwent surgical proced-
ures allowed us to acknowledge a significant burden of SSI,
even in small hospitals. Given the international and local evi-
dence that most SSI occur after discharge, this finding may be
underestimated due to loss of post-discharge cases [21,22].
This underscores a relevant public health problem, since even
small hospitals in Brazil are characterized by predominant
surgical activity [10]. These findings are also relevant to the
current World Health Organization campaign focusing on pre-
vention of SSI [23].

On the other hand, gastrointestinal infections were rare in
our prevalence study. This is in contrast to findings from the
USA and Europe [16,17]. It is possible that our results may have
been influenced by scarcity of resources for diagnosis of Clos-
tridium difficile diarrhoea [24]. However, our study employed
active data collection, and this should have prevented us from
missing cases of nosocomial diarrhoea. This aspect requires
further investigation.

Even though there are important differences in mortality
indices and access to health care among Brazilian macro-
regions, only minor differences in HCAI prevalence were
found [25]. Differences in prevalence of overall HCAIs and of
specific infections among different size categories were also
smaller than we expected, and declined after adjusting for
other factors. The use of invasive devices in small hospitals was



Table VI

Multivariate analysis (logistic regression) of predictors for overall HCAIs and specific sites of infections

Predictors OR (95% CI)

Overall HCAIs Pneumonia BSI SSIa UTI

Region
Southeast (reference) e e e e e

Northeast 1.08 (0.85e1.37) 1.06 (0.73e1.53) 1.07 (0.73e1.57) 0.84 (0.43e1.62) 0.55 (0.29e1.06)
Midwest 1.59 (1.01e2.51)* 1.76 (0.88e3.53) 0.47 (0.16e1.42) 5.07 (1.99e12.93)* 0.58 (0.14e2.44)
North 1.20 (0.90e1.61) 1.02 (0.64e1.64) 0.54 (0.30e0.97)* 2.83 (1.37e5.83)* 1.01 (0.49e2.10)
South 0.78 (0.60e1.01) 0.66 (0.44e1.01) 0.64 (0.41e1.02) 1.36 (0.73e2.52) 0.77 (0.44e1.35)

Hospital size category
Reference hospitals e e e e e

�200 beds 1.33 (1.04e1.69)* 1.15 (0.78e1.71) 1.12 (0.75e1.69) 1.50 (0.82e2.72) 0.91 (0.53e1.76)
50e199 beds 0.63 (0.50e0.80)* 0.72 (0.51e1.03) 0.55 (0.36e0.84) 0.62 (0.33e1.14) 0.71 (0.41e1.21)
10e49 beds 0.67 (0.42e1.07) 0.37 (0.13e1.02) 0.28 (0.08e0.92) 0.41 (0.09e1.81) 1.27 (0.51e3.14)

Intensive care unit 1.45 (1.09e1.92)* 2.46 (1.24e4.89)* 2.44 (1.54e3.87)* 0.52 (0.23e1.18) 0.69 (0.35e1.36)
High risk nursery 1.41 (0.91e2.17) 0.73 (0.31e1.70) 2.80 (1.61e4.88)* 0.12 (0.01e1.63) 0
Age category

Newborns (<28 days) 2.97 (2.01e4.39)* 2.46 (1.24e4.89)* 3.22 (1.74e5.96)* 2.57 (0.62e10.71) 0
Infants (28 days to 1 year) 1.72 (1.20e2.46)* 0.93 (0.47e1.84) 2.48 (1.43e4.30)* 0.40 (0.11e1.44) 0.58 (0.17e2.05)
1e5 years 1.92 (0.63e1.64) 1.46 (0.73e2.96) 0.51 (0.17e1.49) 0.61 (0.16e2.27) 0.89 (0.26e3.11)
6e9 years 1.52 (0.80e2.88) 1.20 (0.40e3.65) 2.29 (0.90e5.83) 2.94 (0.75e11.57) 0
10e19 years 1.15 (0.77e1.73) 1.31 (0.68e2.51) 075 (0.32e1.75) 1.06 (0.44e2.57) 0.44 (0.10e1.90)
20e49 years (reference) e e e e e

50e64 years 1.07 (0.79e1.44) 1.06 (0.66e1.73) 0.88 (0.51e1.54) 0.97 (0.51e1.83) 1.50 (0.78e2.87)
�65 years 1.36 (1.05e1.77)* 1.80 (1.23e2.65)* 0.80 (0.48e1.33) 1.63 (0.90e2.95) 2.04 (1.15e3.64)*

Male gender 1.28 (1.07e1.53)* 1.22 (0.92e1.62) 1.13 (0.83e1.53) 1.51 (0.96e2.37) 1.15 (0.75e1.76)
Urinary catheter 1.72 (1.34e2.20)* 1.80 (1.23e2.65)* 0.94 (0.59e1.50) 0.83 (0.45e1.52) 2.96 (1.76e1.90)*
Mechanical ventilation 1.51 (1.13e2.02)* 2.27 (1.53e3.36)* 1.29 (0.83e2.01) 1.26 (0.54e2.90) 0.91 (0.44e1.90)
Central venous catheter 3.85 (3.09e4.79)* 3.34 (2.32e4.80)* 4.88 (3.36e7.07)* 2.83 (1.60e5.04)* 2.71 (1.59e4.64)*
Previous surgery 3.34 (2.71e4.12)* 1.57 (1.11e2.22)* 1.55 (1.06e2.29)* e* 1.57 (0.95e2.59)

HCAI, healthcare-associated infection; OR, odds ratio; CI, confidence interval; BSI, bloodstream infection; SSI, surgical site infection; UTI, urinary
tract infection.
*P < 0.05.
a Only subjects who had undergone previous surgery were included in the analysis of predictors for SSI.
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not negligible. We feel that risk definition solely based on the
number of hospital beds is not sufficient to guide public
policies.

In a previous countrywide study, we found significant dif-
ferences of conformity indices for infection control pro-
grammes and for sterilization services among different macro-
regions and size categories [26]. Curiously, differences in
prevalence of HCAIs were smaller than differences in the
structure for prevention. Our hypothesis is that poor infection
control practices and resources in less complex hospitals are
counterbalanced by the fact that they care for less severely ill
patients.

Other findings are mostly coherent with reports from other
countries [2,16,17]. They point to patients in ICUs and high-risk
nurseries, at extremes of ages, and with invasive devices as
those requiring special attention for preventing the occurrence
of HCAIs.

From a temporal perspective, it is worth noting that we
found lower prevalence than that reported by Prade et al. for
Brazilian tertiary hospitals in the 1990s [8]. Even if we restrict
our results to reference and large hospitals, the overall rates
(12.6% and 13.5%) were lower than Prade et al.’s (15.5%).
Importantly, our study included subjects admitted for more
than two days, whereas the previous survey’s criterion was
more than one day of admission. Since that study allowed more
patients at low risk in the denominator, those results are
underestimated in comparison with ours. A reduction in prev-
alence rates may be due to public policies directed at con-
trolling HCAIs implemented in the gap between those studies
[27]. It should be noted, however, that Prade et al. used
HCAI definitions issued by the US Centers for Disease Control
and Prevention (CDC) in 1988, whereas our study employed
more recent definitions [12,13]. Difference in definitions limits
the possibility of strict comparisons [28].

Limitations of our study include those inherent to the cross-
sectional design, such as lack of subjects’ follow-up and
impossibility of detecting post-discharge HCAIs (mainly SSI).
Also, the geographic extent of Brazil prevented us from
including hospitals from all 26 states. On the other hand, there
were also strengths: random selection of study hospitals; direct
collection of data performed by trained nurses; and hospital
visits on days of maximum occupation (Tuesday to Thursday) to
prevent concentration of high-risk subjects. Finally, the in-
clusion of hospitals from all macro-regions allowed us a wide
view of the burden of HCAIs in Brazil.

In conclusion, HCAIs are highly prevalent in Brazil, pre-
senting a challenge for public health authorities. Pneumonia
and SSIs stand out among risks for people admitted to
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acute-care hospitals. The risk for HCAIs is widely distributed
both geographically and among hospitals of different sizes, so
that any policy directed at reducing their occurrence and
impact must be at once comprehensive and directed at more
vulnerable subjects. From a global perspective, our study
contributes to the knowledge of the worldwide burden of
HCAIs. Also, our results emphasize the importance of con-
ducting methodologically rigorous surveys to estimate the
burden of HCAIs in developing countries.
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