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Abstract
Background. Healthcare-associated infections could affect the rate of morbidity, mortality and post-
discharge hospitalization among patients. They are also dangerous to healthcare professionals and generate 
significant cost to the healthcare system.

Objectives. The aim of this study was to evaluate the occurrence rate of colonization with various antibiotic-
resistant (AR) bacteria among patients admitted to the Department of Immunology, Transplantology and 
Internal Diseases.

Material and methods. The study used retrospective analysis of patients (n = 280) with no clinical signs 
of infection admitted into the department between November 2015 and May 2017. The observational period 
lasted until January 2019. Collected data included sex, age at admission, location directly prior to current 
hospitalization, and medical history. Nasal and rectal swabs were collected, and stool and urine samples 
were obtained on the day of admission. Specimens were cultured according to standard microbiological 
procedures. In all cases, the appropriate bioMerieux (Marcy-l’Étoile, France) media were used. Isolates were 
identified using mass spectrometer (Vitek MS; bioMerieux).

Results. One-hundred ninety-one (68.2%) of patients were colonized with AR bacteria. The incidence 
of colonization was not influenced by age or sex. The risk of colonization was associated with admission from 
another hospital and history of kidney transplantation (p = 0.0136 and p < 0.001, respectively). The number 
of hospitalizations during the whole observational period was higher in the group of colonized patients 
compared to non-colonized (2.76 ±2.4 vs 2.07 ±1.68, p = 0.0099). The number of hospitalizations correlated 
positively with the number of positive cultures obtained from the same patients (rho = 0.18, p = 0.0274).

Conclusions. The rate of colonization at admission to the ward could be high, depending on previous 
hospitalization and medical history. Colonization significantly increased post-discharge hospitalization rate.
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Introduction

Healthcare-associated infections (HAI), including those 
originating in hospitals, are currently one of  the most 
important challenges for modern medicine. They are 
a common cause of morbidity and mortality, and result 
in adverse effects. Healthcare-associated infections are 
responsible mainly for pneumonia, as well as bloodstream, 
urinary tract and surgical site infections. The estimated 
number of HAI in American hospitals in 2002 was approx. 
1.7 million.1 Especially dangerous are infections with anti-
biotic-resistant (AR) bacteria. It has been proven that such 
infections affect disability-adjusted life-years (DALYs).1–3 
They are also associated with prolonged hospital stays and 
lengthy treatment with antibiotics or steroids.4

Besides the serious consequences to patients, HAI are 
also dangerous to healthcare professionals and generate 
significant costs to  the healthcare system. It was esti-
mated that in 2007 (after adjusting from previous data), 
the cost resulting from HAI treatment in American hos-
pitals exceeded 33 billion dollars, and the benefits from 
prevention exceeded 6 billion dollars.5 Therefore, recently, 
great emphasis is being placed on HAI and special pre-
ventive procedures such as enhanced active surveillance, 
patient isolation, hand hygiene, surface disinfection, and 
enhanced education of patients and healthcare profes-
sionals are being implemented in healthcare institutions. 
Despite these procedures, more invasive medical tech-
nologies and the demographics of society will increase 
the chances of HAI.

The risk factors for HAI are predominantly previous 
hospitalization, urinary tract catheterization, terminal ill-
ness, and broad-spectrum antibiotic therapy.6,7 The chal-
lenge for medical personnel is to prevent and minimize 
the occurrence of healthcare infections, which are partly 
unavoidable. Healthcare-associated infections has become 
a patient safety problem and a public health problem.1 
Patients with infectious diseases display specific clinical 
symptoms, while carriers usually are admitted to hospitals 
due to other clinical conditions. Therefore it is of great im-
portance to detect carriers of bacteria at admission and iso-
late them in single-patient rooms to prevent further spread 
of infection.4,8 International recommendations prefer ac-
tive screening rather than passive; however, these strategies 
depend mainly on respective hospital recommendations.9

Properly diagnosed carriers could be decolonized. It has 
been proven that decolonization reduces the risk of surgi-
cal site infection and the rate of infections in intensive care 
units. In the case of methicillin-resistance Staphylococcus 
aureus (MRSA), decolonization with chlorhexidine and 
mupirocin lowers the risk of infection by 30% compared 
to education regarding decolonization alone.

The  aim of  this study was to  evaluate the  occur-
rence rate of colonization with various bacteria among 
patients admitted to  the  Department of  Immunol-
ogy, Transplantology and Internal Diseases (ITID). 

We focused on the quantitative rather than qualitative 
aspect of the problem. In each case, a detailed microbio-
logical diagnosis was performed, including identification 
of antibiotic resistance, and appropriate medical therapy 
was implemented; however, this data was not considered 
in this study.

Material and methods

The study protocol was approved by the Bioethics Com-
mittee of the Medical University of Warsaw (approval No. 
AKKB/123/2019). The study used retrospective analysis 
of data regarding patients admitted into the ITID, Infant 
Jesus Teaching Hospital, Medical University of Warsaw, 
Poland, between November 2015 and May 2017. Data re-
garding the number of hospitalizations since enrollment 
into the study was collected in January 2019.

Patients enrolled in the study (n = 293) had been ad-
mitted into the ITID for the first time or with no history 
of hospitalization during the previous year other than hos-
pitalization immediately prior to the admission. Patients 
had been admitted to the ITID from another hospital, 
another ward of the same hospital or from home. None 
of them had clinical signs of infection. Patients for one-
day hospitalization were excluded from the study. Because 
of missing data, the investigated group consisted of 280 pa-
tients. For each participant, data collected included sex, age 
at admission, data regarding previous location, and medi-
cal history of transplantation or other non-communicable 
diseases. The characteristics of the investigated group are 
included in Table 1. In all patients, nasal and rectal swabs 
were collected, and stool and urine samples were obtained 
on the day of admission. They were examined for carriage 
of the following pathogens: vancomycin-resistant Entero-
cocci (VRE), extended spectrum beta-lactamases (ESBL) 
producing Enterobacteriaceae as well as carbapenemase 
producing Enterobacteriaceae (CPE). Moreover, patients 
were examined for the presence of Clostridium difficile 
(stool samples only). A patient was recognized as colonized 
if any of the above bacteria were found. In connection with 
usual multiresistance, ESBL- or/and carbapenemase-pro-
ducing Escherichia coli in this work were called antibiotic-
resistant E. coli (AR E. coli), and antibiotic-resistant Klebsi-
ella pneumoniae (AR K. pneumoniae) was named similarly.

All microbiological procedures were performed 
at the Chair and Department of Medical Microbiology 
of the Infant Jesus Teaching Hospital. The various speci-
mens from the patients were cultured according to stan-
dard microbiological procedures, depending on the kind 
of specimen and the aim of examination (infection/colo-
nization). In all cases, the appropriate bioMerieux (Marcy-
l’Étoile, France) media were used. Isolates were identi-
fied using a mass spectrometer (Vitek MS; bioMerieux). 
Susceptibility testing was performed using the Vitek 2 
or disc diffusion method and the results were interpreted 
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according to European Committee on Antimicrobial Sus-
ceptibility Testing (EUCAST) recommendations.11 For de-
tection of carbapenemase production, the combination 
disk test was performed and results were confirmed us-
ing biochemical CarbaNP test.12,13 Production of extended 
spectrum beta-lactamases (ESBLs) was examined with 
modified double disc synergy test (DDST).14 All tests were 
recommended by EUCAST.15

Statistical analysis

Statistical analysis used R software v. 3.5.0 (www.r-project. 
org). Descriptive statistics of the data were generated using 
standard statistical parameters: percentage, mean and stan-
dard deviation (SD), median, and minimum and maximum 
(min and max). Median values in the 2 independent groups 
were compared using the nonparametric Mann–Whitney 
U test. The correlations between pairs of numerical param-
eters were studied using χ2 test or Fisher’s test. Multivariate 
analysis was conducted using a logistic regression model 
based on Wald’s statistics. In all analyses, results were 
considered significant if the p-value was <0.05.

Results

From the investigated group, 191 of patients were colo-
nized with AR bacteria (men, n = 93, women, n = 98), which 
comprised 68.2% (accordingly, 48.7% of men and 51.3% 
of women) of all study population. The incidences of colo-
nization were not influenced by age or sex. From the colo-
nized group, 58.6% were admitted from home (n = 112), 
32.5% were admitted from another hospital (n = 62) and 
the rest was admitted from another ward of the hospi-
tal (8.9%, n = 17). Among the colonized patients, 57.6% 
(n = 110) had a history of kidney transplantation, 19.4% 
(n = 37) had a history of liver transplantation, 1% (n = 2) 
were after heart transplantation, and 23% (n = 44) were 
admitted to the ward due to other non-communicable 

diseases. The χ2 test revealed a significant correlation be-
tween kidney transplantation and colonization, regardless 
of the localization of colonization (p = 0.0065).

According to the results of the logistic regression analy-
sis, the risk of colonization was associated with admission 
from another hospital and a history of kidney transplan-
tation (p = 0.0136 and p < 0.001, respectively). The risk 
of colonization among patients admitted from another hos-
pital was almost 2.2 times higher compared to the group 
of patients who were admitted from home (odds ratio 
(OR) = 2.151, 95% confidence interval (95% CI) = 1.139–
5.062), and were almost 2.4 times higher among patients 
after kidney transplantation compared to other patients 
(OR = 2.353, 95% CI = 1.383–4.003).

The most common type of pathogen among the inves-
tigated group was vancomycin-resistant Enterococci spp. 
(VRE) (24.9%). Less common were AR E. coli (21.5%) and 
AR K. pneumoniae (15.4%). Clostridium difficile was di-
agnosed in 14.3% of patients. A similar panel of pathogens 
was observed in the group of patients with different medi-
cal history. None of the investigated parameters (age, sex, 
medical history, and the place of previous location) influ-
enced the incidence of particular pathogens colonization, 
excluding AR E. coli and VRE. Women were infected by AR 
E. coli more often than men (p = 0.022). Infection with VRE 
was less common among patients with non-communicable 
diseases compared to the rest of the investigated group 
(p = 0.047). The Fisher’s test revealed that more patients 
free of VRE colonization were admitted from home than 
from another hospital (p = 0.0013). The particular patho-
gen colonization in the group of patients after heart trans-
plantation were not considered due to the small number 
of such participants.

Forty patients were colonized with C. difficile, which 
comprised 14.3% of the whole investigated group. From 
this group, 23 patients (57.5%) were admitted to the ITID 
from home, 13 patients were admitted from another hos-
pital (32.5%) and 4 patients were admitted from another 
ward of the hospital (10%).

Table 1. Demographic and clinical details of the investigated group

Factor Description n % of n = 280

Sex
male 142 50.7%

female 137 49.3%

Admission group

home 173 61.8%

other hospital 79 28.2%

another ward in the same hospital 28 10.0%

Medical history

kidney transplantation (KTx) 145 51.8%

liver transplantation (LTx) 64 22.9%

heart transplantation (Htx) 2 0.7%

other non-communicable disease (INT) 71 25.4%

Factor Mean (SD) Min–Max Median

Age 50.19 ±15.02 37–61 51
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The number of hospitalizations during the whole ob-
servational period was higher in the group of colonized 
patients compared to non-colonized in the whole investi-
gated group (2.76 ±2.4 vs 2.07 ±1.68, p = 0.0099). The same 
was observed in the group of patients with positive urine 
culture in comparison to those with negative urine culture 
(n = 97, 2.95 ±2.5 vs n = 183, 2.33 ±2.02, p = 0.0012), and 
in the group of patients with positive rectal swab in compar-
ison to those with negative rectal swab (n = 110, 3.0 ±2.57 

vs n = 170, 2.25 ±1.9, p = 0.0044). Clostridium difficile 
colonization did not influence the number of hospitaliza-
tions. The influence of positive nasal swabs on the number 
of hospitalizations was not considered due to the small 
number of such patients. The number of hospitalizations 
correlated positively with the number of positive cultures 
obtained from the same patients; however, the correlation 
was weak (Spearman’s rho = 0.18, p = 0.0274). The results 
described above shown in Fig. 1.

Fig. 1. The number of hospitalizations 
during the whole observational period 
of patients belonging to the whole 
investigated group, divided into 
subgroups: those who had a positive 
culture of rectum swabs (n = 110), feces 
samples (C. difficile, n = 40), urine samples 
(n = 97) and nasal swabs (n = 6), and 
according to the number of positive 
cultures obtained in each patient (1, 2 or 3)
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Discussion

Our results showed that almost 70% of patients free of any 
clinical symptoms of infection at admission to the hospital  
were colonized by various AR bacteria. This is very high 
rate but similar results had already been reported.6,7 How-
ever, other studies reported much lower rates.4 The high 
rate of colonization in our patients could result from their 
medical history. The majority of them had undergone or-
gan transplantation and were under chronic immunosup-
pression treatment. We showed that renal transplantation 
increased the risk for colonization almost 2.5 times. Colo-
nized patients could be a potential source of  infection; 
however, the transmission rate depends on the epidemiol-
ogy of the pathogens.8,16 The most frequently diagnosed 
pathogen in our study was VRE. According to literature 
data, the frequency of particular pathogens’ colonization 
and infection rates differ depending on the specificity 
of  the healthcare facility.17 In hematopoietic stem cell 
transplant recipients, Staphylococci spp. and Entero-
bacteriaceae were the most frequent pathogens causing 
infections, and in the oncologic ward, Enterococci spp. 
were detected in more than 40% of patients.4,18 The epi-
demiology of pathogens do not vary significantly with 
regard to age, sex or medical history. Similar results were 
obtained by Chmielarczyk et al.19 Special attention should 
be placed on C. difficile colonization. Clostridium difficile 
is a Gram-positive, spore-forming anaerobic bacteria, and 
it is recognized as one of the most important pathogens 
in healthcare settings as it is the major cause of antibi-
otic therapy associated infections infections and could 
contribute to increased mortality.19,20 It is distinct from 
other microorganisms due to the fact that its spores can 
persist in the environment for a long time. Asymptomatic 
colonization of C. difficile is not clearly defined; how-
ever, it  is recognized in the absence of infection symp-
toms.21 The number of colonized patients is higher than 
symptomatic,22 but it varies between different patient 
groups. In a healthy population, colonization with these 
bacteria varied between 0% and 15%, while in hospital-
ized patients, it reaches 30%, which is more or less in line 
with our findings, because in our group more than 14% 
of patients were colonized at admission to  the hospi-
tal.21 In the case of C. difficile, transmission from person 
to person usually takes place, but colonized asymptomatic 
patients have the potential to contaminate the environ-
ment and subsequently other patients.23

In this study we focused on quantitative analysis of the 
AR  bacteria colonization rate among patients of  ITID. 
We found that colonized patients are most frequently ad-
mitted from other hospitals. This is in line with previously 
recognized risk factors for colonization, e.g., hospitalization 
within 2 months prior to current hospitalization22; however, 
it is worth noting that the majority of colonized patients 
in our study were admitted to the ward from their homes. 

Therefore, we recommend also treating such patients as po-
tentially colonized and a potential source of infection. How-
ever, we should note that patients after organ transplanta-
tion usually had a history of many previous hospitalizations 
despite the fact that in this study they were not hospitalized 
in 1 year prior to the study. Another important finding is that 
colonization is a risk factor for an increase in the number 
of hospitalizations over the 2.5-year observational period, 
especially in the case of urinary tract and gastrointestinal 
tract colonization. Surprisingly, colonization with C. difficile 
did not increase the number of hospitalizations. Similar re-
sults were obtained by Huang et al. Patients who underwent 
decolonization of MRSA infection had lower risk of hospi-
talization over 1 year after discharge.10

Interventions to reduce transmission depend on the epi-
demiology of the bacteria and the main route of acquisi-
tion. It was shown that identification of carriers and imple-
mentation of preemptive isolation, and contact precautions 
had little effectiveness on transmission of, for instance, 
MRSA, VRE or HRE (highly resistant Enterobacteriaceae). 
Hand hygiene is effective in protection from MRSA and 
VRE transmission, while the data regarding the effective-
ness of chlorhexidine bathing is conflicting. It should be 
noted that MRSA and VRE can also colonize the skin and 
environment.8 Therefore, other methods should be consid-
ered to protect everyone from bacterial transmission, such 
as decolonization.8 Also, current guidelines do not recom-
mend active screening for C. difficile colonized patients 
because its impact on infection transmission prevention 
is low.21 The reason is that there is limited information 
on the duration of the latent period in the case of contact 
with C. difficile; therefore, patients exposed but not yet 
colonized could not be detected.24 Another reason is that 
the treatment for colonized asymptomatic patients is not 
recommended. Nevertheless, intensive infection control 
practices like the use of gloves and enhanced environ-
mental cleaning should be implemented with regard 
to the high number of patients potentially colonized with 
C. difficile.21,23

Conclusions

The rate of colonization at admission to the ward could 
be high, depending on previous hospitalization and medi-
cal history. The rate of colonization in patients admitted 
to the ward from home is also high enough to treat them 
as potentially colonized. The epidemiology of the patho-
gens do not vary significantly with regard to age, sex, medi-
cal history, or location directly prior to current hospitaliza-
tion, excluding AR E. coli, which was more often in urine 
samples from women, and VRE, which were less common 
among patients with non-communicable diseases and ad-
mitted from home. Colonization significantly increased 
the post-discharge hospitalization rate.
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