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ABSTRACT

Surveillance strategies to detect colonization are an important tool to prevent and
control the spread of microorganisms in hematopoietic stem cell transplant (HSCT)
units. The aim of this study was to evaluate routine surveillance cultures for screening
colonization and infection by carbapenem-resistant Enterobacteriaceae (CRE), carbapenem-
resistant Pseudomonas aeruginosa (CRPa), and vancomycin-resistant enterococci (VRE).
Surveillance cultures were collected (1,323 samples) from 200 patients admitted to an
HSCT unit over one year; swabs were taken on admission and then weekly. We compared
the positivity of cultures for each site, agent, clinical and epidemiological data according to
the colonization status. Infection due to multidrug-resistant organisms (MDROSs) occurred
in 52 (21.5%) patients, 45 (86.5%) due to blood stream infection; 12 (23%) patients had a
positive surveillance culture before the infection. Cultures of 554 (41.8%) samples were
performed for CRPa, 413 (31.2%) for VRE and 356 (27%) for CRE. Of these, 179 (13.5%)
were positive. Colonization by any MDRO, CRE or CRPa was associated with increased
risk of infection (P < 0.05), but not with death. Previous colonization by an MDRO was a
significant risk for infection by these pathogens, specially by CRE. Overall, rectal swabs
had the highest positivity rate compared with other sites, oropharynx swabs were an option
for CRPa, and fecal cultures showed low positivity. Although the impact of the strategy on
the mortality of patients undergoing HSCT is not clear, routine VRE surveillance should
be questioned with regard to patients undergoing auto-HSCT due to the additional cost
and little impact on survival rates.

KEYWORDS Hematopoietic stem cell transplant infection. Hospital-acquired infection.

Multidrug-resistant organisms. Surveillance cultures. Blood stream infection.

INTRODUCTION

Infections are the major cause of death in patients undergoing hematopoietic
stem cell transplants (HSCT)'. These patients are at high risk for acquiring health
care-associated infections. The use of empiric antibiotics during febrile neutropenia
leads to a higher prevalence of multidrug-resistant organisms (MDROs) in this
population?, in addition to the risk of dissemination within the transplant unit.

A previous study by the Hospital of Clinics of the University of the Sao Paulo
Medical School (HC-FMUSP) identified an association between previous gut
colonization by MDROs, particularly by gram-negative bacteria, and blood stream
infection (BSI) in patients undergoing HSCT®.

@ @ @ This is an open-access article distributed under the
vamrrmm terms of the Creative Commons Attribution License.
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Surveillance strategies to detect colonization have been
considered important tools for preventing and controlling
the spread of MDROs in the hospital setting*®. However,
the cost-effectiveness of this strategy in HSCT units and
its impact on the patient’s outcome is still controversial®®.

The aim of this study was to evaluate the use of
routine surveillance cultures to track colonization and
infection by the most prevalent MDROs in an HSCT unit,
specifically, carbapenem-resistant Enterobacteriaceae
(CRE), carbapenem-resistant Pseudomonas aeruginosa
(CRPa), and vancomycin-resistant enterococci (VRE).

MATERIALS AND METHODS

Clinical, epidemiological and microbiological data were
collected to analyze the surveillance culture strategy in a
single HSCT unit. HC-FMUSP is a reference hospital in Sao
Paulo, Brazil, with 2,200 beds. The HSCT unit is a 23-bed
unit with four beds designated for allogeneic transplants
and 18 for autologous transplants. Patients undergoing
allogeneic transplants were accommodated in private rooms
with high-efficiency particulate air filtration and positive
pressure. Patients undergoing autologous transplants, on
the other hand, could share a room with another patient.

Antibacterial prophylaxis with levofloxacin was
introduced on the first day of stem cell infusion and
discontinued when patients recovered from neutropenia or
if they developed febrile neutropenia. Another prophylaxis
was administered according to guidelines’.

Surveillance cultures were collected in the HSCT unit
over one year (2012). The most prevalent MDROs in the
unit were included in the surveillance culture routine: CRE,
CRPa and VRE. Swabs were collected on admission and
then weekly until discharge, from multiple sites: axilla,
feces, oropharynx and/or rectum. Swabs for CRE and
CRPa were incubated overnight in liquid medium and then
plated on MacConkey agar with a meropenem disk®; VRE
samples were incubated in a medium with vancomycin
6 mg/L°. Colonization was defined as the presence of at
least one positive surveillance culture for one of the studied
microorganisms. Identification of resistant bacteria was
performed with VITEK 2 (Biomeurieaux, Marcy—l’Etoile,
France). The following clinical and epidemiological data
were collected: sex, age, length of stay (LOS) in the HSCT
unit, diagnosis, use of antibiotics, infection, BSI and intra-
hospital death. Infection was defined according to the
Centers for Disease Control and Prevention guidelines™.

Statistical analysis

All data were stored in a database in Excel 97-2004
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(Microsoft, Redmond, WA, USA). Then, the surveillance
culture positivity was compared for each site and agent.
Clinical and epidemiologic data were analyzed according
to the colonization status. All statistical analyses were
performed using the Epi.Info 7.0 (CDC, Atlanta, GA, USA).
The Fisher’s exact test or the chi-squared test was used for
categorical variables, as appropriate, and Mann-Whitney
and log-rank tests were used for continuous variables. The
univariate analysis and the multivariate logistic regression
analysis were performed (95% confidence interval). We
considered a P value <0.05 as statistically significant. A
Kaplan-Meier curve was generated to compare the survival
among patients with and without BSI.

Ethical considerations

This study was evaluated and approved by the Ethics
Committee of the HC-FMUSP, under protocol N° CAAE:
50237715.4.0000.0068.

RESULTS

We monitored 200 patients undergoing HSCT who
underwent the culture surveillance: 82 (41%) had allogenic
transplants and 118 (59%) had autologous transplants; in
total, 1,323 samples were collected. The mean age was
45 years, and 107 patients (53.5%) were male. The mortality
during hospitalization was 17.7% (Table 1).

Table 1 - Characteristic of patients who underwent a surveillance
culture in the HSCT unit, Hospital of Clinics, Sao Paulo.

Parameter N (%)
Total number of patients 200 (100)
Mean age (years) 45
Male sex 107 (53.5)
Surveillance samples collected 1,323 (100)
Allo-HSCT 82 (41)
LOS in days. Mean (range) 19.4 (1-66)
LOS in days until MDRO colonization
Mean (range) 16 (0-55)
CRE 18 (1-55)
CRPa 20 (0-39)
VRE 10.5 (0-40)
LOS in days until MDRO infection
Mean (range) 23 (0-77)
CRE 26.7 (0-77)
CRPa 21 (0-51)
VRE* 19
Intra-hospital death 43 (17.7)

MDR = Multi-Drug Resistant Organism; Allo = allogenic;
CRE = Carbapenem-Resistant Enterobacteriaceae;
CRPa = Carbapenem-Resistant Pseudomonas aeruginosa;
VRE = Vancomycin-Resistant Enterococci; LOS = Length of
Stay; *Only one case of VRE infection.
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Table 2 - Data from surveillance cultures collected from patients admitted to the HSCT ward, Hospital of Clinics, Sao Paulo.

) Positivity by site
Surveillance o " -
culture Total (%) Positive samples Axillary Fecal Rectal Oropharyngeal

(1,109) (82) (17)

Total samples 1,324 (100) 179 (13.5) 16 (13.8) 140 (12.6) 17 (20.7) 6 (35.3)
CRE (%) 356 (27) 85 (23.8) 62 (20.7) 62 (20.7) 13 (39.4) 5 (45.5)
CRPa (%) 554 (41.8) 41 (74) 28 (6.9) 28 (6.9) 1(2.6) 1(14.3)
VRE (%) 413 (31.2) 53 (12.8) 50 (12.5) 50 (12.5) 3 (25) 3 (25)

CRE = Carbapenem-Resistant Enterobacteriaceae; CRPa = Carbapenem-Resistant Pseudomonas aeruginosa; VRE = Vancomycin-

Resistant Enterococci.

We performed 554 (41.8%) surveillance cultures for
CRPa, 413 (31.2%) for VRE and 356 (27%) for CRE.
Surveillance cultures had an overall positivity of 13.5% (179),
and the oropharyngeal and rectal swabs showed the highest
rates (35.5% and 20.7% positivity, respectively) (Table 2).
Fecal samples displayed only 12.6% of positivity, and the
positivity of CRE was twice as high in rectal cultures.

Infection due to MDROs occurred in 52 (21.5%)
patients; among them, 45 (86.5%) had bacteremia, and
12 (23%) had a positive surveillance culture before the
infection.

Table 3 describes the characteristics of infections
according to the type of HSCT, with 38% occurring in
allogeneic HSCT. CRE infections were more common in
autologous HSCT (75%), whereas CRPa was more common
in allogeneic (66%) HSCT.

Table 3 - Clinical and epidemiological characteristics of MDR
infection cases in HSCT patients.

Total N (%)  Allo (%) Auto (%)
Total 52 (100) 20 (38) 32 (62)
Age mean (years) 41 42 39
Male sex 40 15 (75) 25 (78)
CRE 24 6 (25) 18 (75)
CRPa 27 18 (66) 9 (34)
VRE 1 1 (100) 0
b%iri”(r‘;?@) 28.4 (4-66) 277 (6-66) 2.3 (4-63)
Hospital Death 22 12 (55) 10 (45)

HSCT = Allo: Allogenic HSCT, Auto = Autologous HSCT;
MDR = Multi-Drug Resistant Organism; CRE = Carbapenem-
Resitant Enterobacteriaceae; CRPa = Carbapenem-Resitant
Pseudomonas aeruginosa; VRE = Vancomycin-Resistant
Enterococci; LOS = Length of Stay; “Only one case of VRE
infection.

The average time between MDRO colonization and
infection was 21.4 days for CRE and only 14.1 days for
CRPa infections (Table 1). The average LOS for MDRO
colonization and infection was 16 and 23 days, respectively.
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Infection and colonization by VRE occurred earlier
compared with other MDROs; however, having VRE was
not a risk factor for MDRO infection or death.

Being colonized by any MDRO (P = 0.002), CRE
(P < 0.001) or CRPa (P = 0.027) was associated with a
higher risk of infection in the bivariate analysis, and only
the colonization by CRE (P = 0.009) remained significant
in the multivariate analysis. Risk of death was significantly
higher among patients with MDRO infections, including
CRE and CRPa in the bivariate analysis (P < 0.001),
whereas in the multivariate analysis, only CRPa infections
(P = 0.028) remained significant (Tables 4 and 5). CRE
and CRPa infections were more significant among patients
colonized with CRE and CRPa (P = 0.004 and P = 0.002,
respectively) (Table 4). Chance of survival was significantly
lower among patients with BSI, as demonstrated in the
Kaplan-Meier curve (P = 0.012), as well as among those
infected with CRPa (0.0053) (Figure 1).

DISCUSSION

This study evaluated the practice of MDRO surveillance
cultures in an HSCT unit for one year; the prevalence
of colonized patients was 13.5%. The variety of MDRO
species and their prevalence varies widely in the literature,
ranging from extremely low (4.2%-16%) in Germany"
and higher rates among centers that evaluate only patients
undergoing allogenic HSCT, such as Poland (57.7%) and
India (53.8%)*""-*. This variation is due to many factors,
such as local epidemiology, prophylaxis protocols, HSCT
type, among others®?®,

The average LOS before colonization with VRE was
10 days, half the time compared with CRPa colonization.
The LOS before MDRO infection averaged 23 days.
Heidenreich et al."" diagnosed 27% of cases of MDRO
colonization in the first 100 days after transplantation, with
a predominance of CRPa (26.9%).

In our cohort, a previous colonization by MDROs was a
significant risk factor for infections by the same pathogen,
especially in those colonized by CRE. A study conducted
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Table 4 - Risk factors for death and infection. Total data and results stratified by each agent in a bivariate analysis, in a HSCT ward,
Hospital of Clinics, Sao Paulo.

Death
Risk factor with sk factor (%) wihout rk oo () OF Cl (95%) P
Colonization by:
Any MDRO 20/94 (21.28) 22/145 (15.17) 1.08 0.95 1.22 0.22
CRE 12/50 (24) 30/189 (15.87) 1.1 0.94 1.31 0.18
CRPa 5/31 (16.13) 37/208 (17.79) 0.98 0.83 1.16 0.82
VRE 7/47 (14.89) 35/192 (18.23) 0.96 0.84 1.10 0.59
Infection by:
Any MDRO 22/44 (50) 21/196 (10.71) 1.79 1.32 2.41 < 0.001
CRE 10/21 (47.62) 33/219 (15.07) 1.62 1.07 2.44 < 0.001
CRPa 16/26 (61.54) 27/214 (12.62) 2.27 1.39 3.70 < 0.001
VRE 1/1 (100) 42/239 (17.57) Undef. Undef. Undef. 0.18
Infection
e memorefere) oA iy P
Colonization by:
Any MDRO 26/94 (27.66%) 17/145 (11.72%) 1.22 1.06 1.40 0.002
CRE 19/50 (38%) 24/189 (12.70%) 1.41 1.13 1.76 <0.001
CRPa 10/31 (32.26%) 33/208 (15.87%) 1.24 0.97 1.59 0.027
VRE 12/47 (25.53%) 31/192 (16.15%) 113 0.94 1.35 0.133
Infection by Carbapenem-Resistant Enterobacteriaceae
Risk factor i rskfactor (%) wihourisk facorzy) O Cl (95%) P
Colonization by:
Any MDRO 13/94 (13.83%) 8/145 (5.52%) 1.10 1.002 1.20 0.027
CRE 10/50 (20%) 11/189 (5.82%) 1.18 1.02 1.36 0.004
CRPa 2/31 (6.45%) 19/208 (9.13%) 0.97 0.88 1.07 1.00
VRE 5/47 (10.64%) 16/192 (8.33%) 1.03 0.92 114 0.57
Infection by Carbapenem-Resistant Pseudomonas aeruginosa
e e e rhoeie®  on i v
COL%?ZGEOIR"()'OV: 15/94 (15.96%) 10/145 (6.90%) 111 1.004 122 0.025
CRE 11/50 (22%) 14/189 (7.41%) 119 1.02 1.38 0.003
CRPa 9/31 (29.03%) 16/208 (7.69%) 1.30 1.03 1.63 0.002
VRE 7/47 (14.89%) 18/192 (9.38%) 1.06 0.94 1.21 0.29
Infection by Vancomycin-Resistant Enterococci
e Ry mecloreiepalens  on cliesw) °
Colonization by:
Any MDRO 1/94 (1.06%) 0/145 (0%) 1.01 0.99 1.03 0.39
CRE 0/50 (0%) 1/189 (0.53%) 0.99 0.98 1.00 1.00
CRPa 1/31 (3.23%) 0/208 (0%) 1.03 0.97 1.10 0.13
VRE 1/47 (2.13%) 0/192 (0%) 1.02 0.98 1.07 0.19

Undef. = Undefined; Cl = Confidence Interval; MDRO = Multi-Drug Resistant Organism (CRE. CRPa or VRE); CRE = Carbapenem-
Resistant Enterobacteriaceae; CRPa = Carbapenem-Resistant Pseudomonas aeruginosa; VRE = Vancomycin-Resistant Enterococci.
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Table 5 - Variables associated with infection in a multiple logistic
regression, BTM unit, Hospital of Clinics, Sao Paulo.

Colonization Infection

by: OR CI (95%) P
CRE 4.54 1.46 14.13 0.009
CRPa 1.91 0.68 5.35 0.220
VRE 1.77 0.60 5.23 0.304
Any MDRO 0.71 0.18 2.89 0.636

OR = Odds Ratio; Cl = Confidence Interval; MDRO = Multi-Drug
Resistant Organism (CRE. CRPa or VRE); CRE = Carbapenem-
Resistant Enterobacteriaceae; CRPa = Carbapenem-Resistant
Pseudomonas aeruginosa; VRE = Vancomycin-Resistant
Enterococci.

0.85+ ] 1
0.81 Without-BSt
0.75+

W BSI=0
WBSI=1

Survival Probability

With BSI

i
]

Time

Figure 1 - Survival analysis by the Kaplan Meier curve in
patients undergoing HSCT with and without BSI, Hospital of
Clinics, Sao Paulo.

in our center (HC-FMUSP), in 2014 and 2015, reported
that previous colonization by MDROs was associated with
BSI (P < 0.001), and that 20% of patients colonized by
gram-negative MDROs developed BSI by the same agent?®.
Other studies have also found that being colonized by an
MDRO is a risk factor for BSI by the same pathogen'®15:1°,
Strategies for the selective decolonization (SDD) of the
gastrointestinal tract in this context have been evaluated, and
a single-center study demonstrated the cost-effectiveness
of SDD in patients colonized with CRE in intensive care
units'’. However, a systematic review in 2019 still classified
the evidence of decolonization as being limited, and did not
recommend this intervention as a routine. Moreover, studies
on immunocompromised patients are still extremely scarce
in the literature.

Although colonization is associated with a higher risk
of infection, the impact of this strategy on the mortality of

Rev Inst Med Trop Sao Paulo. 2021;63:¢77

patients undergoing HSCT is not clear. We observed that
infection by any MDRO, CRE or CRPa was associated
with the risk of death. Several studies have associated
MDRO colonization with a higher risk of death, however,
this was not observed in our population. Sadowska-Klasa
et al.* and Bilinski et al.” evaluated patients undergoing
allogeneic HSCT and, in both studies, MDRO colonization
had an impact on overall 1-year survival. In a multicenter
study carried out in Italy, being colonized by resistant
gram-negative bacteria significantly reduced survival
rates. In addition, in this study, colonization by CRE and
CRPa increased the risk of infection with these pathogens
(P < 0.001)°. The relative high rate of autologous HSCT
in our series (59%) may explain some differences in our
results in comparison with the literature. These patients
were less immunocompromised than those undergoing
allogenic HSCT, therefore they had a lower probability
of infectious complications. In addition, there was a high
prevalence of VRE colonization in our study, which was
the only MDRO that did not affect the risk of infection.
VRE is generally less virulent than gram-negative bacilli,
and this high prevalence possibly reduced the impact of
MDRO colonization on our mortality rate'?,

A study conducted at the Mayo Clinic with a 10-year
series evaluated the influence of colonization by VRE on
the prognosis of patients undergoing allogenic HSCT due
to acute myeloid leukemia. In a multivariate analysis,
colonization by VRE was an independent risk factor
for VRE infection, but did not influence any other post-
transplant outcome, including death®. In agreement with
our findings, Heidenreich et al." also found a similar risk
of death regardless of the status of colonization by MDROs,
even though CRE was the main colonizer in their study
population'.

In this study, the collection site varied according to the
pathogen tested (Table 2). Our data corroborate the fact that
rectal swabs were more sensitive than fecal cultures®®?!,
especially regarding VRE and CRE. Despite this, rectal
swabs should be used with care in patients undergoing
HSCT to prevent skin or mucosal injuries during severe
neutropenia. In this scenario, an oropharyngeal swab may be
an alternative because it presented a high positivity for CRE
and VRE. The use of VRE surveillance should be questioned
in patients undergoing autologous transplantations because
it generates additional costs and has little impact on the
survival and the development of bloodstream infections.

The present study has some limitations such as the
fact that it was carried out in a single center, and was
retrospective. However, it provides important reflections on
the practice of screening for MDROs in patients undergoing
HSCTs. Being colonized by an MDRO does not seem to
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interfere with the post-HSCT survival, especially the VRE
colonization in patients who have undergone autologous
HSCTs.

CONCLUSION

In conclusion, despite the fragile evidence related to
prognosis and mortality, from our point of view, performing
MDRO surveillance cultures in patients undergoing HSCTs is
an important tool in the context of hospital infection control,
and it can be implemented in the context of high endemicity
of MDROs, especially of gram-negative bacteria. Knowledge
of the colonizing microbiota of an immunocompromised
population is important to propose pathogen-specific control
measures as a precaution in this type of patient with regard
to prophylactic and empirical antibiotic therapy.
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