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KEYWORDS Abstract Bloodstream infections (BSIs) are a major cause of morbidity and mortality in
Bacteremia; immunocompromised hosts, particularly those with malignancies, transplants, or autoimmune
Infections; diseases. Epidemiologic surveillance is critical to optimize empirical antimicrobial therapy.
Immunocompromised Our aims were to describe the frequency, clinical and microbiological characteristics of BSls
host; in immunocompromised patients treated at two hospitals in Cordoba, Argentina. We con-
Microbial drug ducted a retrospective study at two tertiary care centers in Cérdoba, Argentina, including
resistance; adult immunocompromised patients with microbiologically confirmed BSIs between January
Hospital mortality 2019 and December 2022. Underlying immunosuppression included malignancy, neutropenia,

transplantation, or immunosuppressive therapy. Clinical data were analyzed over a 30-day
period, and microbiological isolates were characterized. A total of 181 BSI episodes were
included; 97 (53.6%) were hospital-acquired (HA-BSI) and 84 (46.4%) community-acquired (CA-
BSI). Median age was 62 years (IQR 54.5-71.5), and 101 (55.8%) were male patients. Active
malignancy was the most common immunosuppressive condition (n =124, 68.5%). Primary bac-
teremia occurred in 51 cases (28.2%). Urinary (n=34, 18.8%), intra-abdominal (n=30, 16.6%),
and catheter-related infections (n =24, 13.3%) were the leading sources. Gram-negative bacilli
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Introduction

(GNB) predominated (n =150, 75.8%), with Escherichia coli (n=71, 35.9%) and Klebsiella pneu-
moniae (n=30, 15.2%) being the most frequent isolates. Multidrug-resistant organisms (MDRO)
were identified in 67 (33.8%) episodes, more commonly in HA-BSI than CA-BSI (37 [46.3%] vs 15
[21.4%], p=0.001). The overall 30-day mortality rate was 24.8% (n=45). This study demon-
strated that, in this cohort of immunocompromised adults, BSIs were slightly more often
hospital-acquired and associated with substantial mortality. One-third of the isolates were
multidrug-resistant organisms (MDROs).

© 2026 The Authors. Published by Elsevier Espaia, S.L.U. on behalf of Asociacion Argentina
de Microbiologia. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

Infecciones del torrente sanguineo en pacientes adultos inmunocomprometidos

Resumen Las infecciones del torrente sanguineo (ITS) son causa importante de morbilidad
y mortalidad en pacientes inmunocomprometidos, particularmente aquellos con neoplasias,
trasplantes o enfermedades autoinmunitarias. Nuestros objetivos fueron describir la frecuen-
cia y caracteristicas clinicas y microbioldgicas de las ITS en pacientes inmunocomprometidos
atendidos en dos hospitales de Cérdoba, Argentina. Llevamos a cabo un estudio retrospectivo
en dos hospitales, incluyendo pacientes adultos inmunocomprometidos con ITS entre enero de
2019 y diciembre de 2022. Las causas de inmunosupresion incluyeron neoplasias malignas, neu-
tropenia, trasplantes o tratamiento inmunosupresor. Se analizaron los datos clinicos durante un
seguimiento de 30 dias y se caracterizaron los aislamientos microbiologicos. Se incluyeron un
total de 181 episodios de ITS; 97 (53,6%) fueron adquiridas en el hospital (ITS-IH) y 84 (46,4%)
en la comunidad (ITS-AC). La mediana de edad fue de 62 anos (RIC 54,5-71,5) y 101 (55,8%)
correspondieron a pacientes de sexo masculino. La causa mas frecuente de inmunosupresion
fue la neoplasia activa (n=124, 68,5%). La bacteriemia primaria se identificé en 51 (28,2%)
casos, siendo los principales focos urinario (n=34, 18,8%), intraabdominal (n=30, 16,6%) e
infeccion asociada a catéter (n=24, 13.3%). Predominaron los bacilos Gram negativos (n=150,
75,8%), destacandose Escherichia coli (n=71, 35,9%) y Klebsiella pneumoniae (n=30, 15,2%).
Se identificaron microorganismos multirresistentes (MMR) en 67(33,8%) episodios, con mayor
frecuencia en ITS-IH que en ITS-AC (37[46,3%] vs 15[21,4%], p=0,001). La mortalidad global a
30 dias fue del 24,8% (n=45). En conclusion, las ITS en inmunosuprimidos fueron levemente
mas frecuentes en el ambito hospitalario y se asociaron con una elevada mortalidad. Un tercio
de los aislamientos correspondieron a MMR.

© 2026 Los Autores. Publicado por Elsevier Espafa, S.L.U. en nombre de Asociacion Argentina
de Microbiologia. Este es un articulo Open Access bajo la licencia CC BY-NC-ND (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

which increases the risk of nosocomial complications, raises
healthcare costs, and may ultimately result in death'>3°.

Bloodstream infections (BSIs) represent a serious compli-
cation in immunocompromised patients and constitute a
significant cause of morbidity and mortality in this vul-
nerable population?®?4, This heterogeneous group includes
patients with various underlying conditions, such as malig-
nancies, organ transplants, or autoimmune diseases, who
share a common feature: an altered immune response to
infectious agents. This alteration increases both susceptibil-
ity to infections and the likelihood of severe progression'’-2°.
It has been reported that BSIs account for between 25%
and 30% of febrile episodes in patients with cancer and
febrile neutropenia®. In transplant recipients, the incidence
of these infections varies according to the transplanted
organ, ranging between 8% and 20%%‘. Despite therapeutic
advances and progress in critical care, the occurrence of
BSls is frequently associated with prolonged hospital stays,

Mortality associated with BSls in immunosuppressed individ-
uals is estimated to range from 18% to 42%20:243840,

This issue has gained increasing importance due to the
sustained rise in diagnoses of autoimmune and neoplas-
tic diseases, both hematologic and solid organ, as well
as the continuing impact of the human immunodeficiency
virus epidemic. Moreover, the development of a wide range
of immunosuppressive agents in recent years, especially
for the treatment of rheumatologic, onco-hematologic, and
transplant-related conditions, has contributed not only to
improved patient survival but also to increased infection
rates, particularly those caused by opportunistic pathogens.
Furthermore, the clinical manifestations and course of
infections in immunocompromised patients often differ from
those observed in the general population, complicating early
diagnosis and timely therapeutic intervention'>%°,
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A delayed or failed diagnosis of BSI generally leads to
inadequate treatment in approximately 25% of cases, sig-
nificantly increasing the risk of mortality, particularly in
immunocompromised patients?*’. For this reason, knowl-
edge of the local epidemiology of BSls in this population
is essential for selecting appropriate empirical regimens,
with the goal of optimizing therapeutic success from the
start of treatment’32. The primary aim of the present
study was to assess the frequency and clinical and micro-
biological characteristics of BSls in immunocompromised
patients at two tertiary care hospitals in Cérdoba. The
secondary objectives were to determine 30-day mortal-
ity among immunocompromised patients with BSls, identify
potential mortality-associated factors, and evaluate micro-
biological isolates and antimicrobial susceptibility profiles
of BSI pathogens.

Materials and methods

A retrospective analytical study was conducted at two
tertiary care hospitals in Cordoba: Hospital Privado Uni-
versitario de Cérdoba and Hospital Raul Angel Ferreyra.
Based on records from the Microbiology laboratories of both
institutions, all patients over 18 years of age who devel-
oped at least one episode of bacteremia between January
2019 and December 2022 were identified. Medical records
were reviewed, and patients were included if they met
the following criteria: age >18 years, a clinically significant
positive blood culture (excluding those considered contam-
inants), and an immunocompromised condition. The latter
was defined as the presence of at least one of the following
underlying conditions or previous clinical events: solid organ
or bone marrow transplantation, neutropenia (absolute
neutrophil count <1000 cells/pl), hypogammaglobulinemia,
asplenia, human immunodeficiency virus (HIV) infection,
active neoplastic disease with chemotherapy or radio-
therapy treatment, chronic autoimmune or inflammatory
diseases (including systemic lupus erythematosus, sys-
temic sclerosis, rheumatoid arthritis, or other autoimmune
disorders), or pharmacologic immunosuppressive therapy.
Patients with contaminated blood cultures, those under 18
years of age, and pregnant women were excluded from the
study.

For each included patient, general clinical characteris-
tics, comorbidities, probable focus of infection, acquisition
site (community or hospital), etiologic agent isolated, and
antimicrobial susceptibility profile were recorded. Clinical
follow-up was performed during the 30 days following the
onset of the bloodstream infection episode to determine
associated mortality.

Definitions

True positive blood culture: Growth of one or more
microorganisms in at least one blood culture sample,
excluding those considered potential skin contaminants
(such as diphtheroids, Propionibacterium species, Bacillus
species, coagulase-negative Staphylococcus, Corynebac-
terium, Streptococcus viridans group). In those cases, the
following criteria had to be met: (A) Growth in two or
more blood culture samples; (B) Isolation of the same

microorganism from another site considered to be the
source of the bloodstream infection; (C) Intravascular infec-
tion with a body temperature >38°C or <36°C, without
another pathogen isolated, prompting the initiation of spe-
cific antimicrobial therapy?.

Same episode of BSI: All blood cultures referring to the
same isolate, exhibiting identical antimicrobial susceptibil-
ity and infectious focus, occurring in the same individual
during the same period of time?.

Polymicrobial blood cultures: Blood cultures in which two
or more microbial species were isolated in one or more
samples collected at the same time, consistent with the
definition of true positive blood cultures?®.

Multidrug-resistant (MDR) bacteria: Defined by the
Centers for Disease Control and Prevention (CDC)
as bacteria belonging to the following groups: (a)
Extended-spectrum  beta-lactamase  (ESBL)-producing
Enterobacteriaceae; (b) Microorganisms with intrinsic
resistance mechanisms, such as Stenotrophomonas mal-
tophilia, Burkholderia cepacia, and Ralstonia pickettii;
(c) Any Gram-negative bacillus (Acinetobacter, Enter-
obacteriaceae, Pseudomonas) resistant to three or more
of the following drug classes: piperacillin/tazobactam,
cephalosporins, carbapenems (imipenem, meropenem,
ertapenem), monobactams (aztreonam), aminoglycosides
(gentamicin, tobramycin, amikacin), and fluoroquinolones
(ciprofloxacin, levofloxacin); (d) Among Gram-positive
organisms, methicillin-resistant  Staphylococcus  and
vancomycin-resistant Enterococcus are considered MDR
pathogens' 11925,

Community-acquired BSI (CA-BSI): A blood culture
obtained within the first 48h of hospitalization, without
any medical intervention during that period that could have
induced it’.

Hospital-acquired BSI (HA-BSI): Infection acquired after
48 hours of hospitalization in a patient admitted for a rea-
son other than BSI, or occurring within 48-72 hours after
discharge’.

Classification of immunocompromised patients:

Neutropenic: Patients with absolute neutrophil count
<1000 cells/ml?.

Solid organ transplant recipients: Type of organ transplant
was specified (kidney, pancreas, liver, heart, among oth-
ers.). Corneal transplants were excluded.

Bone marrow transplant recipients.

HIV infection: Defined as the presence of anti-HIV antibod-
ies, direct detection of the virus, or detection of one of its
components.

Asplenia: Congenital or acquired absence of the spleen
(structural or functional).

Active neoplastic disease (hematologic or solid organ):
Active cancer was defined as cancer with ongoing treat-
ment, treatment within the previous 6 months, or
palliative treatment®'.

Autoimmune and inflammatory diseases: Systemic lupus
erythematosus, systemic sclerosis, rheumatoid arthritis,
and other autoimmune diseases.

Immunosuppressive drugs: A patient was considered
to be receiving immunosuppressive therapy if they had
received chemotherapy within the previous 6 months,
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corticosteroids at doses equivalent to or greater than
20mg/day of prednisone for at least 2 weeks in the pre-
vious 3 months, or other immunosuppressive agents such
as tacrolimus, sirolimus, cyclosporine, mycophenolate, thy-
moglobulin, or biologic immunosuppressants.

Additional variables evaluated: Prior antimicrobial ther-
apy for at least 72 hours in the previous month or previous
3 months; hospitalization in a general ward or intensive
care unit for at least 48 hours in the previous 6 months;
presence of urinary catheter, nephrostomy, central venous
catheter, use of mechanical ventilation, or another invasive
device in the month prior to the BSI episode; use of par-
enteral nutrition within the 72 hours prior to the onset of
symptoms/diagnosis of BSI; microbiological isolation and its
antimicrobial susceptibility spectrum.

Probable source of infection: Defined according to infor-
mation and complementary studies recorded in the medical
chart, as follows:

Primary bloodstream infection or bloodstream infection
without focus: Isolation of microorganisms in blood cul-
tures, fulfilling the definition of true positive blood culture,
without identification of a probable infectious source?®.
Lower respiratory tract infection: (A) Tracheobronchitis:
Chest X-ray without alveolar infiltrates and the presence
of two of the following clinical manifestations: (1) Fever
>38°C; (2) Cough; (3) Purulent sputum and/or microorgan-
ism isolated from respiratory secretions; (4) Wheezing or
rhonchi. (B) Pneumonia: Chest X-ray with alveolar infil-
trate and one of the following: (1) Crackles or dullness;
(2) Purulent sputum and/or microorganism isolated from
respiratory secretions; (3) Positive blood culture.

Urinary tract infection (UTIl): Meeting both of the fol-
lowing criteria: A) At least one of the following signs
or symptoms: temperature >38°C in patients <66 years,
suprapubic pain (without another apparent cause), cos-
tovertebral angle tenderness (without another apparent
cause), urgency, dysuria, or frequency; (B) Positive urine
culture with no more than two microbial species, at least
one with >100000 CFU/ml'2.

Catheter-associated infection: (a) Catheter tip culture
with >15CFU (Maki technique) associated with blood
culture isolating the same microorganism, plus one of the
following signs or symptoms: (1) Fever >38°C; (2) Regional
pain; (3) Erythema; (4) Warmth; OR (b) Catheter blood
culture positive 2 hours before peripheral blood culture,
with the same microorganism isolated??.

Surgical site infection: Infection occurring within 30 days
after surgery (extended to 90 days for deep surgical proce-
dures), associated with purulent drainage from the site or
isolation of the same microorganism in blood culture and
surgical site drainage fluid'?.

Cholecystitis/cholangitis: Fever or laboratory evidence
of inflammatory response associated with elevated liver
enzymes or biliary tract abnormality (dilatation, structural
changes, choledocholithiasis, biliary stent, etc.) and/or
gallbladder abnormality (wall thickening and/or inflamma-
tory features on pathological examination)'.
Gastrointestinal focus: Gastroenteritis (diarrhea, with or
without vomiting, in the presence of fever >38°C), entero-
colitis.

Antimicrobial susceptibility testing: The Microbiology
Laboratory routinely used the VITEK 2 Compact automated
system (bioMérieux, France) and Phoenix M50 (Becton Dick-
inson, USA) to determine antimicrobial susceptibility, and
MALDI-TOF Microflex mass spectrometry (Bruker, Germany)
for species identification. The laboratory participates in the
external quality control program for antimicrobial suscep-
tibility testing and identification of the ANLIS Dr. Carlos
Malbran Institute of Health.

The present study was approved by the Research Commit-
tee of the Department of Teaching and Research of Hospital
Privado Universitario de Cérdoba.

Results

During the study period, 181 episodes of bloodstream infec-
tions (BSls) were identified in immunosuppressed patients,
representing 45% of the 402 BSI episodes recorded during
that time in both hospitals. Of these, 84 (46.4%) corre-
sponded to community-acquired BSI (CA-BSI) and 97 (54.6%)
to hospital-acquired BSI (HA-BSI). Sixteen episodes involved
polymicrobial blood cultures (8.8% of all BSI events), and 101
episodes (55.8%) occurred in male patients.

Regarding comorbidities, 124 patients (68.5%) had active
malignancy, 73 of which (40.3%) were solid tumors and 51
(28.2%) hematologic malignancies. Additionally, 74 patients
(40.9%) were smokers, 59 (32.6%) had diabetes mellitus, 54
(29.8%) had chronic kidney disease, 31 (17.1%) were kid-
ney transplant recipients, and 37 (20.4%) presented with
neutropenia at the time of the infectious episode. The
remaining clinical characteristics are detailed in Table 1.

There were 51 (28.2%) episodes of primary bacteremia,
32 (33%) of which were HA-BSI and 19 (22.6%) CA-BSI.
The most frequent infectious foci identified were uri-
nary (n=34, 18.8%), intra-abdominal (n=30, 16.6%), and
catheter-related bloodstream infection (n=24, 13.3%). Uri-
nary tract infections predominated among CA-BSI (25
[29.8%] vs. 9 [9.3%], p=0.005), while catheter-related bac-
teremia was more common among HA-BSI (19 [19.6%] vs. 5
[6%], p=0.007). Additional characteristics of infection sites
are shown in Table 1.

With respect to isolated microorganisms, 150 Gram-
negative bacilli (75.8%) were identified, with no significant
differences between CA-BSI and HA-BSI (70 [76.1%] vs. 80
[75.5%], p=0.92). Escherichia coli accounted for 71 (35.9%)
of all isolates, with predominance in CA-BSI (49 [53.3%] vs.
22 [20.8%], p<0.001). Klebsiella pneumoniae was respon-
sible for 24 (22.6%) of all HA-BSI. Multidrug-resistant
Gram-negative bacilli were more frequently associated with
HA-BSI compared with CA-BSI (37 [46.3%] vs. 15 [21.4%],
p=0.001). Forty-eight Gram-positive cocci (24.2%) were iso-
lated, with coagulase-negative Staphylococcus being the
most frequent (n=16, 8.1%). Additional microbiological iso-
lates are shown in Table 2. Antimicrobial resistance profiles
of Gram-positive cocci are detailed in Table 3.

Regarding antimicrobial susceptibility profiles of Gram-
negative bacilli, 52 (34.7%) were multidrug-resistant
(MDR), including 25 (16.7%) extended-spectrum B-lactamase
(ESBL)-producers and 13 (8.7%) carbapenemase producers.
Detailed susceptibility profiles of Gram-negative bacilli are
detailed in Table 4.
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Table 1 Clinical-epidemiological characteristics of BSIs in immunocompromised patients (community or hospital-acquired).

Total BSIs CA-BSls HA-BSIs p
n=181 (100%) n =384 (46.4%) n=97 (53.6%)
Hospital Privado, n (%) 110 (60.8) 49 (53.8) 61 (62.9) 0.53
Hospital Ferreyra, n (%) 71 (39.2) 35 (41.7) 36 (37.1) 0.53
Age (vears), m: IQR 62:54.5-71.5 66:56.25-73.75 61:50-69.5 0.009
Male, n (%) 101 (55.8) 46 (54.8) 55 (56.7) 0.79
Comorbidities
Heart failure, n (%) 10 (5.5) 5 (6) 5(5.2) 1
Coronary disease, n (%) 21 (11.6) 12 (14.3) 9 (9.3) 0.29
Chronic kidney disease, n (%) 54 (29.8) 28 (33.3) 26 (26.8) 0.33
Diabetes mellitus, n (%) 59 (32.6) 25 (29.8) 34 (35.1) 0.44
Tobacco use, n (%) 74 (40.9) 30 (35.7) 44 (45.4) 0.18
COPD, n (%) 16 (8.8) 4 (4.8) 12 (12.4) 0.07
Active cancer, n (%) 124 (68.5) 55 (65.5) 69 (71.1) 0.41
Solid tumor, n (%) 73 (40.3) 42 (50) 31 (32) 0.014
Hematologic malignancy, n 51 (28.2) 13 (15.5) 38 (39.2) <0.001
(%)
Autoimmune disease, n (%) 20 (11) 10 (11.9) 10 (10.3) 0.73
Alcoholism, n (%) 6 (3.3) 1(1.2) 5(5.2) 0.21
Bone marrow transplant, n 18 (9.9) 6 (7.1) 12 (12.4) 0.24
(%)
Kidney transplant, n (%) 31 (17.1) 15 (17.9) 16 (16.5) 0.80
Neutropenia, n (%) 37 (20.4) 10 (11.9) 27 (27.8) 0.008
HIV infection, n (%) 2 (1.1) 1(1.2) 1(1) 1
Asplenia, n (%) 2 (1.1) 0 (0) 2 (2.1) 0.5
Corticoid use, n (%) 40 (22.1) 11 (13.1) 29 (29.9) 0.007
Immunosuppressive 64 (35.4) 29 (34.5) 35 (36.1) 0.82
treatment, n (%)
Chemotherapy, n (%) 76 (42) 29 (34.5) 47 (48.5) 0.05
Radiotherapy, n (%) 6 (3.3) 4 (4.8) 2 (2.1) 0.41
BSI etiology
Primary bacteremia, n (%) 51 (28.2) 19 (22.6) 32 (33) 0.12
Urinary tract infection, n (%) 34 (18.8) 25 (29.8) 9 (9.3) <0.001
Intraabdominal, n (%) 30 (16.6) 17 (20.2) 13 (13.4) 0.21
Catheter-associated 24 (13.3) 5 (6) 19 (19.6) 0.007
bacteremia, n (%)
Biliary/cholecystitis, n (%) 21 (11.6) 13 (15.5) 8 (8.2) 0.13
Skin and soft tissues, n (%) 8 (4.4) 1(1.2) 7 (7.2) 0.07
Respiratory, n (%) 7 (3.9) 2 (2.4) 5(5.2) 0.45
Prosthetic joint infection, n 2 (1.1) 1(1.2) 1(1) 1
(%)
Endocarditis, n (%) 1 (0.6) 1(1.2) 0 (0) 0.46
Peritonitis, n (%) 1 (0.6) 0 (0) 1(1) 1
Intradialysis bacteremia, n 1 (0.6) 0 (0) 1(1) 1
(%)
Spondylodiscitis, n (%) 1 (0.6) 0 (0) 1(1) 1

BSI: bloodstream infection; CA-BSI: community-acquired bloodstream infection; HA-BSI: hospital-acquired bloodstream infection; m: IQR
median: interquartile range 25-75%; COPD: chronic obstructive pulmonary disease; HIV: human immunodeficiency virus.

Risk factors associated with MDR BSI included hospital-
ization longer than 48hours (38 [56.7%] vs. 46 [35.1%],
p=0.004), antibiotic use in the previous 6 months (50
[74.6%] vs. 69 [52.7%], p=0.003), recent surgical procedures
(26 [38.8%] vs. 29 [22.1%], p=0.013), urinary catheter place-
ment (27 [40.3%] vs. 19 [14.5%], p<0.001), and mechanical
ventilation within the previous month (8 [11.9%] vs. 4 [3.1%],

p=0.023). Additional clinical characteristics and risk factors
for MDR BSI are shown in Table 5.

Thirty-day mortality among patients with BSI episodes
was more frequent in those with a history of COVID-
19 infection within the previous month (7 [15.6%] vs. 4
[2.9%], p=0.006) and in cases of polymicrobial bacteremia
(8 [17.8%] vs. 8 [5.9%], p=0.029). Additional BSI-related
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Table 2 Main microbiological isolates in immunocompromised patients with BSIs (community or hospital acquired).

Total BSls CA-BSIs HA-BSIs P
n=198 (100%) n=92 (46.5%) n=106 (53.5%)
Gram positive cocci n (%) 48 (24.2) 22 (23.9) 26 (24.5) 0.92
Coagulase negative 16 (8.1) 5 (5.4) 11 (10.4) 0.20
staphylococcus, n (%)
Staphylococcus aureus, n (%) 6 (3) 2 (2.2) 4 (3.8) 0.68
Enterococcus faecalis, n (%) 4 (2) 2 (2.2) 2 (1.9) 1
Gram negative bacilli, n (%) 150 (75.8) 70 (76.1) 80 (75.5) 0.92
Escherichia coli, n (%) 71 (35.9) 49 (53.3) 22 (20.8) <0.001
Klebsiella pneumoniae, n (%) 30 (15.2) 6 (6.5) 24 (22.6) 0.002
Pseudomonas aeruginosa, n 18 (9.1) 6 (6.5) 12 (11.3) 0.241
(%)
Enterobacter cloacae, n (%) 8 (4) 3 (3.3) 5 (4.7) 0.72
Acinetobacter baumannii, n 4 (2) 1(1.1) 3(2.8) 0.62
(%)
Serratia marcescens, n (%) 2 (1) 0 (0) 2 (1.9) 0.50

BSI: bloodstream infection: CA-BSI: community-acquired bloodstream infection; HA-BSI: hospital-acquired bloodstream infection.

Table 3 Description of Gram-positive cocci drug resistance in community and hospital-acquired BSIs in immunocompromised

patients.
Total CA-BSls HA-BSIs p
n=48 (100%) n=22 (45.8%) n=26 (54.2%)
MRM, n (%) 15 (31.3) 3 (13.6) 12 (46.2) 0.015
Staphylococcus aureus, n (%) 6 (3) 2 (2.2) 4 (3.8)
Methicillin-resistant, n (%) 1(16.7) 0 (0) 1 (25) 1
MRM, n (%) 1(16.7) 0 (0) 1 (25) 1
Cephalothin, n (%) 1(16.7) 0 (0) 1(25) 1
Clindamycin, n (%) 4 (66.7) 1 (50) 3 (75) 1
Ciprofloxacin, n (%) 1(16.7) 0 (0) 1 (25) 1
Gentamicin, n (%) 1(16.7) 0 (0) 1(25) 1
Negative coagulase 16 (8.1) 5(5.4) 11 (10.4)
Staphylococcus, n (%)
Metbhicillin-resistant, n (%) 11 (68.8) 1 (20) 10 (90.9) 0.13
MRM, n (%) 11 (68.8) 1 (20) 10 (90.9) 0.13
Cephalothin, n (%) 11 (68.8) 1 (20) 10 (90.9) 0.13
Clindamycin, n (%) 10 (62.5) 3 (60) 7 (63.6) 1
Ciprofloxacin, n (%) 8 (50) 1 (20) 7 (63.6) 0.28
Gentamicin, n (%) 8 (50) 1(20) 7 (63.6) 0.28
Oxacillin, n (%) 11 (68.8) 1 (20) 10 (90.9) 0.13
Rifampicin, n (%) 5 (31.3) 1 (20) 4 (36.4) 1
TMP/SMX, n (%) 5 (31.3) 1 (20) 4 (36.4) 1

BSI: bloodstream infections; CA: community-acquired; HA: hospital-acquired; TMP/SMX: trimethoprim/sulfamethoxazole; MRM: multire-

sistant microorganism.

characteristics associated with mortality are detailed in
Table 6.

Discussion

In this cohort of immunocompromised patients, more than
half of the BSI episodes were hospital-acquired, with a high
proportion of Gram-negative bacilli (GNB) isolates and a
high prevalence of multidrug-resistant organisms (MDROs),

particularly in hospital-acquired cases. In line with reports
from European and Latin American series, this pattern
has been associated with prolonged hospitalization, use
of invasive devices, and prior exposure to antibiotics
in immunocompromised patients?"?3%735, These findings
reflect the vulnerability of this population to severe infec-
tions and underscore the need to optimize preventive
strategies, diagnostic approaches, and appropriate empir-
ical antimicrobial therapy. Several international studies
concur that BSIs in immunocompromised patients represent
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Table 4 Description of Gram-negative bacilli drug resistance in community and hospital-acquired BSls in immunocompromised
patients.

Total CA-BSls HA-BSI p
n=150 (100%) n=70 (46.7%) n=280 (53.3%)
MRM, n (%) 52 (34.7) 15 (21.4) 37 (46.3) 0.001
Carbapenemase, n (%) 13 (8.7) 2 (2.9) 11 (13.8) 0.018
KPC, n (%) 12 (92.3) 2 (100) 10 (90.9) 1
Metalocarbapenemase, n (%) 0 (0) 0 (0) 0 (0) 1
Oxacarbapenemase, n (%) 1(7.7) 0 (0) 1(9.1) 1
ESBL, n (%) 25 (16.7) 8 (11.4) 17 (21.3) 0.107
Acinetobacter baumannii, n (%) Total CA-BSI HA-BSI p
n=4(2) n=1(1.1) N=3 (2.8)
MRM, n (%) 3 (75) 0 (0) 3 (100) 0.25
Amikacin, n (%) 2 (50) 0 (0) 2 (66.7) 1
Imipenem, n (%) 3 (75) 0 (0) 3 (100) 0.25
PTZ, n (%) 3 (75) 0 (0) 3 (100) 0.25
Escherichia coli, n (%) Total CA-BSI HA-BSI p
n=71(35.9) n=49 (53.3) n=22 (20.8)
MRM, n (%) 16 (22.5) 9 (18.4) 7 (31.8) 0.23
Amikacin, n (%) 1(1.4) 1(2) 0 (0) 1
Ceftriaxone, n (%) 11 (15.5) 5(10.2) 6 (27.3) 0.084
Ceftazidime, n (%) 11 (15.5) 5(10.2) 6 (27.3) 0.084
Cefepime, n (%) 11 (15.5) 5(10.2) 6 (27.3) 0.084
Ciprofloxacin, n (%) 37 (52.1) 23 (46.9) 14 (63.6) 0.19
Imipenem, n (%) 1(1.4) 1(2) 0 (0) 1
PTZ, n (%) 6 (8.5) 3(6.1) 3 (13.6) 0.36
Carbapenemase, n (%) 1(1.4) 1(2) 0 (0) 1
KPC, n (%) 1(1.4) 1(2) 0 (0) 1
ESBL, n (%) 10 (14.1) 4 (8.2) 6 (27.3) 0.060
Klebsiella pneumoniae, n (%) Total CA-BSI HA-BSI p
n=30 (15.2) n=6 (6.5) n=24 (22.6)
MRM, n (%) 19 (63.3) 2 (33.3) 17 (70.8) 0.15
Amikacin, n (%) 5 (16.7) 1(16.7) 4 (16.7) 1
Ampicillin, n (%) 29 (96.7) 6 (100) 23 (95.8) 1
Ampicillin sulbactam, n (%) 19 (63.3) 2 (33.3) 17 (70.8) 0.15
Ceftriaxone, n (%) 19 (63.3) 2 (33.3) 17 (70.8) 0.15
Cefepime, n (%) 19 (63.3) 2 (33.3) 17 (70.8) 0.15
Ciprofloxacin, n (%) 15 (50) 2 (33.3) 13 (54.2) 0.65
Imipenem, n (%) 8 (26.7) 1(16.7) 7 (29.2) 1
PTZ, n (%) 18 (60) 2 (33.3) 16 (66.7) 0.18
TMP/SMX, n (%) 16 (53.3) 2 (33.3) 14 (58.3) 0.37
Colistin, n (%) 1(9.1) 1 (100) 0 (0) 0.091
Fosfomycin, n (%) 2 (20) 1 (100) 1(11.1) 0.20
Carbapenemase producer, n (%) 11 (36.7) 1(16.7) 10 (41.7) 0.37
KPC, n (%) 10 (33.3) 1(16.7) 9 (37.5) 0.63
Oxacarbapenemase, n (%) 1(3.3) 0 (0) 1(4.2) 1
ESBL, n (%) 10 (33.3) 1(16.7) 9 (37.5) 0.63
Pseudomonas aeruginosa, n (%) Total CA-BSI HA-BSI p
n=18 (9.1) n=6 (6.5) n=12 (11.3)
MRM, n (%) 4(22.2) 1(16.7) 3 (25) 1
Amikacin, n (%) 3(16.7) 0 (0) 3 (25) 0.51
Cefepime, n (%) 3 (16.7) 2 (33.3) 1(8.3) 0.24
Ciprofloxacin, n (%) 4(22.2) 1(16.7) 3 (25) 1
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Table 4  (Continued)

Pseudomonas aeruginosa, n (%) Total CA-BSI HA-BSI p
n=18 (9.1) n=6 (6.5) n=12 (11.3)

Gentamicin, n (%) 3 (16.7) 0 (0) 3 (25) 0.51

Imipenem, n (%) 4 (22.2) 2 (33.3) 2 (16.7) 0.56

Meropenem, n (%) 3(16.7) 1(16.7) 2 (16.7) 1

PTZ, n (%) 4(22.2) 1(16.7) 3 (25) 1

BSIs: bloodstream infections; CA: community-acquired; HA: hospital-acquired; TMP/SMX: trimethoprim/sulfamethoxazole; MRM: mul-
tiresistant microorganism; ESBL: extended-spectrum beta-lactamases; PTZ: piperacillin/tazobactam.

a significant burden on healthcare systems, both in terms of
incidence and morbidity and mortality, with rates ranging
between 30% and 50% in similar cohorts?*2¢.

Regarding the main comorbidities of immunocom-
promised patients, active neoplasms, both solid and
hematologic, were the most frequent, followed by smok-
ing, diabetes mellitus, and chronic kidney disease. These
findings are consistent with previous reports describing a
significantly increased risk of bacteremia in patients with
neoplasms, particularly hematologic, due to immune dys-
function associated with both the underlying disease and
cytotoxic therapy''*°. Additionally, 20.4% of patients were
identified as neutropenic, a well-documented risk factor in
the literature, particularly linked to nosocomial infections
and poor outcomes’.

The predominant infectious focus was primary bac-
teremia (28.2%), followed by urinary tract infections
(18.8%), intra-abdominal infections (16.6%), and catheter-
associated bloodstream infections (13.3%). These results
are consistent with international series that report a high
frequency of bacteremia without an apparent focus in onco-
logic and immunocompromised patients. This difficulty in
identifying a specific focus may be due to an attenuated
immune response that limits the manifestation of symptoms,
clinical signs, or radiological findings''. Notably, urinary
tract BSIs were more frequent in CA-BSI (29.8% vs. 9.3%;
p<0.001), whereas catheter-associated BSI were significan-
tly more frequent in HA-BSI (19.6% vs. 6%; p=0.007). This
pattern reflects the expected pathophysiology in each con-
text, with a greater role of invasive devices in the hospital
setting. The international literature has documented a simi-
lar prevalence, with urinary infections being the main portal
of entry in ambulatory immunocompromised patients, and
a high incidence of catheter-related bacteremia in hospital-
ized and intensive care unit patients®*3°,

Gram-negative bacilli were the predominant group of iso-
lates (75.8%), with Escherichia coli (35.9%) in CA-BSI and
Klebsiella pneumoniae (15.2%) in HA-BSI being the most
frequent pathogens. Although GNB have historically pre-
dominated in BSls in immunocompromised patients, various
studies indicate that during the 1980s and 1990s, there
was an increase in the proportion of Gram-positive cocci
infections, attributed to the widespread use of intravas-
cular catheters and antibiotic prophylaxis. However, since
the 2000s, a resurgence of GNB BSI has been documented,
particularly those caused by MDR strains, partly due to selec-
tive pressure exerted by intensive antimicrobial use and
other healthcare-related factors?®*>. In other series, E. coli
has consistently been highlighted as the most frequent

pathogen, though with slightly lower or higher proportions,
possibly due to geographic or population influences® 836,
Although less frequent (24.2%), Gram-positive cocci were
clinically relevant, with coagulase-negative Staphylococcus
being the most common finding in patients with invasive
devices'.

MDROs were detected in 33.8% of episodes, with a sig-
nificant difference between hospital-acquired (46.3%) and
community-acquired (21.4%; p=0.001) cases. These data
reflect the selective pressure exerted by hospital exposure
and prior antibiotic use, factors widely documented in the
literature as predictors of multidrug resistance, particularly
in high-complexity institutions such as the hospitals where
this study was conducted?®**.

Among the risk factors significantly associated with MDRO
BSIs in our cohort were prolonged hospitalization, recent
antibiotic use (particularly carbapenems and vancomycin),
prior surgery, urinary catheterization, and need for mechan-
ical ventilation. These factors are widely recognized in
the literature as predictors of colonization and subsequent
infection with MDROs and are frequently incorporated into
clinical scoring systems aimed at guiding the empirical ini-
tiation of broad-spectrum antimicrobial coverage>*.

The comparison with national data reported by the
WHONET Argentina Network 2022-2023 revealed some
noteworthy aspects regarding antimicrobial susceptibility*'.
Ceftriaxone resistance was 63.3% in K. pneumoniae and
15.5% in E. coli, slightly different from those reported in
the same report (51.6% and 21.5%, respectively). Regard-
ing carbapenemase-producing strains, in our study 36.7%
of K. pneumoniae isolates were carbapenemase producers,
exceeding the national average of 33.3%"'.

Thirty-day mortality was 24.8%, increasing significan-
tly among patients with BSIs due to MDROs, recent or
active COVID-19 infection, or polymicrobial blood cultures.
These associations are important to consider given their
high frequency in immunocompromised patients. Coinfec-
tion or sequential infection in patients who experienced
severe viral illness, such as SARS-CoV-2, has been linked
to persistent immune dysfunction, dysbiosis, and increased
colonization by MDROs*. The higher mortality observed at
Hospital Ferreyra compared with Hospital Privado (64.4%
vs. 35.6%; p<0.05) may be related to differences in patient
complexity or initial therapeutic strategies, although this
requires further analysis.

The strengths of this study include the number of patients
included, the detailed characterization of infectious foci
and resistance profiles, and the joint evaluation of clini-
cal and microbiological variables. However, the study has
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Table 5 Clinical characteristics of immunocompromised patients with BSls, according to the isolate (MRM o not MRM).

Total BSls

n=198 (100%)

MRM
n=67 (33.8%)

Not MRM p
n=131 (66.2%)

Demographic characteristics
Hospital Privado, n (%)
Hospital Ferreyra, n (%)
Male, n (%)
Community-acquired, n (%)
Hospital-acquired, n (%)

Associated factors
Hospital stay >48h, n (%)
Hospitalization in the

previous 6 months, n (%)
ICU hospitalization in the

previous 6 months, n (%)
Repeated UTI, n (%)
Steroid treatment, n (%)
Immunosuppressive

treatment, n (%)
Chemotherapy, n (%)
Surgical procedure, n (%)
Parenteral nutrition, n (%)

Comorbidities

Heart failure, n (%)

Coronary artery disease, n
(%)

Chronic kidney disease, n (%)

Diabetes mellitus, n (%)

Tobacco use, n (%)

COPD, n (%)

Asthma, n (%)

Liver disease, n (%)

Malignancy, n (%)

Solid tumor, n (%)
Hematologic malignancy, n

(%)

Neurologic disease, n (%)

Autoimmune disease, n (%)

Asplenia, n (%)

HIV/AIDS, n (%)

Bone marrow transplant, n
(%)

Renal transplant, n (%)

Neutropenia, n (%)

Prolonged neutropenia, n (%)

COVID-19 in the previous
month (%)

Current COVID-19, n (%)

Vesical catheter, n (%)

Nephrostomy, n (%)

Central venous catheter, n
(%)

Biliary tract prosthesis, n (%)

Mechanical ventilation, n (%)

Mortality in 30 days, n (%)

Antibiotic use in the
previous 6 months, n (%)

119 (60.1)
79 (39.9)
109 (55.1)
92 (46.5)
106 (53.5)

84 (42.4)
134 (67.7)

46 (23.2)

29 (14.6)
43 (21.7)
70 (35.4)

85 (42.9)
55 (27.8)
13 (6.6)

11 (5.6)
21 (10.6)

58 (29.3)
62 (31.3)
84 (42.4)
17 (8.6)
3(1.5)

17 (8.6)
137 (69.2)
84 (42.4)
53 (26.8)

18 (9.1)
20 (10.1)
2(1)
2(1)
21 (10.6)

33 (16.7)
43 (21.7)
28 (14.1)
11 (5.6)

9 (4.5)
46 (23.2)
3 (1.5)

77 (38.9)

11 (5.6)
12 (6.1)

53 (26.8)
119 (60.1)

35 (52.2)
32 (47.8)
36 (53.7)
18 (26.9)
49 (73.1)

38 (56.7)
55 (82.1)

24 (35.8)

14 (20.9)
20 (29.9)
28 (41.8)

30 (44.8)
26 (38.8)
5 (7.5)

2(3)
8 (11.9)

20 (29.9)
28 (41.8)
22 (32.8)
8 (11.9)
0 (0)

6 (9)

45 (67.2)
25 (37.3)
20 (29.9)

7 (10.4)
8 (11.9)
1(1.5)
1(1.5)
7 (10.4)

16 (23.9)
11 (16.4)
8 (11.9)
8 (11.9)

7 (10.4)
27 (40.3)
3 (4.5)

32 (47.8)

5 (7.5)
8 (11.9)

23 (34.3)
50 (74.6)

84 (64.1) 0.106
47 (35.9)

73 (55.7) 0.79
74 (56.5) <0.001
57 (43.5)

46 (35.1) 0.004
79 (60.3) 0.002
22 (16.8) 0.003
15 (11.5) 0.075
23 (17.6) 0.047
42 (32.1) 0.17
55 (42) 0.70
29 (22.1) 0.013
8 (6.1) 0.76
9 (6.9) 0.33
13 (9.9) 0.66
38 (29) 0.90
34 (26) 0.023
62 (47.3) 0.051
9 (6.9) 0.22
3(2.3) 0.55
11 (8.4) 0.89
92 (70.2) 0.65
59 (45) 0.57
33 (25.2) 0.57
11 (8.4) 0.63
12 (9.2) 0.53
1(0.8) 1
1(0.8) 1

14 (10.7) 0.95
17 (13) 0.051
32 (24.4) 0.19
20 (15.3) 0.52
3(2.3) 0.008
2 (1.5) 0.008
19 (14.5) <0.001
0 (0) 0.038
45 (34.4) 0.067
6 (4.6) 0.51
4(3.1) 0.023
30 (22.9) 0.086
69 (52.7) 0.003
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Table 5  (Continued)
Total BSIs MRM Not MRM p
n=198 (100%) n=67 (33.8%) n=131 (66.2%)
Antibiotic use in the 112 (56.6) 46 (68.7) 66 (50.4) 0.014
previous 3 months, n (%)
Antibiotic use in the 98 (49.5) 42 (62.7) 56 (42.7) 0.008
previous month, n (%)
Type of antibiotics in the previous 6 months
Carbapenems, n (%) 31 (15.7) 16 (23.9) 15 (11.5) 0.023
PTZ, n (%) 43 (21.7) 15 (22.4) 28 (21.4) 0.87
Beta-lactam (not PTZ), n (%) 31 (15.7) 13 (19.4) 18 (13.7) 0.30
Amikacin, n (%) 20 (10.1) 9 (13.4) 11 (8.4) 0.26
Vancomycin, n (%) 24 (12.1) 13 (19.4) 11 (8.4) 0.025
Colistin, n (%) 6 (3) 4 (6) 2 (1.5) 0.18
Macrolides, n (%) 10 (5.1) 6 (9) 4 (3.1) 0.091
Quinolones, n (%) 28 (14.1) 10 (14.9) 18 (13.7) 0.82
TMS/SMX, n (%) 17 (8.6) 9 (13.4) 8 (6.1) 0.082
Metronidazole, n (%) 15 (7.6) 6 (9) 9 (6.9) 0.60
Other, n (%) 31 (15.7) 13 (19.4) 18 (13.7) 0.30
Type of microorganism
GPC, n% 48 (24.2) 15 (22.4) 33 (25.2) 0.66
GNB, n% 150 (75.8) 52 (77.6) 98 (74.8) 0.66

MRM: multiresistant microorganism; UTI: urinary tract infection; PTZ: piperacillin-tazobactam; COPD: chronic obstructive pulmonary
disease; HIV: human immunodeficiency virus; TMP/SMX: trimethoprim/sulfamethoxazole; GPC: Gram-positive cocci; GNB: Gram-negative

bacilli.

Table 6 Factors associated to 30-day mortality after BSI in immunocompromised patients.

Survivors (30 days post BSI)  Dead (30 days post BSI) p
n=136 n=45
Hospital Privado, n (%) 94 (69.1) 16 (35.6) <0.005
Hospital Ferreyra, n (%) 42 (30.9) 29 (64.4) <0.005
Male, n (%) 77 (56.6) 24 (53.3) 0.70
Community-acquired, n (%) 64 (47.1) 20 (44.4) 0.76
Hospital-acquired, n (%) 72 (52.9) 25 (55.6) 0.76
Comorbidities
Heart failure, n (%) 6 (4.4) 4 (8.9) 0.26
Coronary artery disease, n (%) 21 (15.4) 0 (0) 0.005
Chronic kidney disease, n (%) 42 (30.9) 12 (26.7) 0.59
Diabetes mellitus, n (%) 46 (33.8) 13 (28.9) 0.54
Tobacco use, n (%) 54 (39.7) 20 (44.4) 0.57
COPD, n (%) 11 (8.1) 5 (11.1) 0.55
Malignancy, n (%) 86 (63.2) 38 (84.4) 0.008
Hematologic malignancy, n (%) 36 (26.5) 15 (33.3) 0.37
Non-hematologic malignancy, n (%) 50 (36.8) 23 (51.1) 0.089
Autoimmune disease, n (%) 14 (10.3) 6 (13.3) 0.58
HIV-AIDS, n (%) 1(0.7) 1(2.2) 0.43
Asplenia, n (%) 2 (1.5) 0 (0) 1
Alcoholism, n (%) 4 (2.9) 2 (4.4) 0.63
Bone marrow transplant, n (%) 12 (8.8) 6 (13.3) 0.39
Renal transplant, n (%) 29 (21.3) 2 (4.4) 0.009
Neutropenia 30 (22.1) 7 (15.6) 0.34
Risk factors
COVID-19 in the previous month, n (%) 4 (2.9) 7 (15.6) 0.006
Current COVID-19, n (%) 3(2.2) 6 (13.3) 0.008
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Table 6 (Continued)
Survivors (30 days post BSI)  Dead (30 days post BSI) p
n=136 n=45
Hospitalization in the previous 48 h, n (%) 59 (43.4) 20 (44.4) 0.90
Hospitalization in the previous 6 months, n 92 (67.6) 34 (75.6) 0.31
(%)
ICU hospitalization in the previous 6 months, 34 (25) 11 (24.4) 0.94
n (%)
Repeated UTI, n (%) 23 (16.9) 3 (6.7) 0.089
Vesical catheter, n (%) 30 (22.1) 16 (35.6) 0.071
Nephrostomy, n (%) 3(2.2) 0 (0) 0.57
Central venous catheter, n (%) 52 (38.2) 18 (40) 0.83
Parenteral nutrition, n (%) 8 (5.9) 3(6.7) 1
Biliary tract prothesis, n (%) 5(3.7) 4 (8.9) 0.22
Mechanic ventilation, n (%) 6 (4.4) 6 (13.3) 0.076
Steroid treatment, n (%) 32 (23.5) 8 (17.8) 0.42
Immunosuppressive treatment, n (%) 53 (39) 11 (24.4) 0.077
Chemotherapy, n (%) 57 (41.9) 19 (42.2) 0.97
Radiotherapy, n (%) 5(3.7) 1(2.2) 1
Infection in the previous 6 months, n (%) 75 (55.1) 25 (55.6) 0.96
Infection in the previous 3 months, n (%) 70 (51.5) 24 (53.3) 0.82
Surgery, n (%) 36 (26.5) 17 (37.8) 0.14
Microbiologic characteristics
Polymicrobial hemoculture, n (%) 8 (5.9) 8 (17.8) 0.029
Gram-negative, n (%) 104 (76.5) 36 (80) 0.62
Gram-positive, n (%) 32 (23.5) 9 (20) 0.62
ESBL, n (%) 19 (14) 6 (13.3) 0.91
VR, n (%) 0 (0) 1(2.2) 0.24
Methicillin-resistant, n (%) 9 (6.6) 3 (6.7) 1
Carbapenemase producer, n (%) 4(2.9) 9 (20) 0.001
MRM, n (%) 43 (31.6) 23 (51.1) 0.019
Type of infection
Primary bacteremia, n (%) 36 (26.5) 15 (33.3) 0.37
UTI, n (%) 29 (21.3) 5 (11.1) 0.128
Intraabdominal infection, n (%) 26 (19.1) 4 (8.9) 0.11
Catheter-associated infection, n (%) 20 (14.7) 4 (8.9) 0.31
Biliary tract infection, n (%) 10 (7.4) 11 (24.4) 0.002
Respiratory infection, n (%) 4(2.9) 3(6.7) 0.36

COPD: chronic obstructive pulmonary disease; HIV: human immunodeficiency virus; ESBL: extended-spectrum beta-lactamase; VR:
vancomycin-resistant; MRM: multi-resistant microorganism; UTI: urinary tract infection.

limitations that are inherent to its retrospective design, such
as reliance on the quality of clinical records and the inability
to establish causality. Additionally, pharmacokinetic varia-
bles and adherence to antimicrobial treatment were not
assessed.

The findings of this study highlight the importance of local
epidemiological surveillance and antimicrobial stewardship
programs for empirical treatment optimization in immuno-
compromised patients. Furthermore, they underscore the
need for prospective studies evaluating interventions aimed
at reducing the incidence of MDRO BSIs and improving clini-
cal outcomes in this high-risk population.

11

Conclusions

In conclusion, this study showed that BSIs in immunocom-
promised patients were predominantly hospital-acquired
and associated with a high frequency of Gram-negative
bacteremia, mainly due to E. coli and K. pneumoniae.
A high proportion of MDROs was observed, particularly
in hospital-acquired BSI, which were associated with
increased mortality. The most relevant clinical factors
linked to multidrug resistance included prolonged hospi-
talization, recent antibiotic use, and recent SARS-CoV-2
infection.
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