https://bionaturajournal.com/

Bionatura Journal
Ibero-American Journal of Biotechnology and Life Sciences

Broad-Spectrum Antibiotic Resistance in septic patients in an Ecuadorian Intensive Care Unit of the
Hospital Provincial General Docente of Riobamba

Carlos Yepez . Zully Romero 2- Lizeth Aldaz"> 3: Katerin T) rujillo 4 - Marco Almache"=°

* Coordinator of the Teaching and Research/Investigation Unit (Hospital Provincial General
Docente / Riobamba / Ecuador); med.carlos.andres@gmail.com ;

2 Coordinator of the Emergency Service (Hospital Provincial General Docente / Riobamba / Ec-
uador), zullyro@hotmail.com,

3 Resident of the Emergency Service (Hospital Provincial General Docente / Riobamba / Ecua-
dor); aldazl.4amdc.espoch@gmail.com;

* Resident of the Intensive Care Unit (Hospital Provincial General Docente / Riobamba / Ecua-
dor),; katerin_fernanda2 I @hotmail.com;

3 Resident of the Emergency Service (Hospital Provincial General Docente / Riobamba / Ecua-
dor); marcoalmache26@gmail.com,

* Correspondence: med.carlos.andres@gmail.com; Tel.: +593984109505

W) Check for updates

ABSTRACT
Bacterial sepsis is one of the most frequent pathologies treated in an intensive care unit. It represents a

significant cause of morbidity and mortality at the hospital level, even more so if resistance to antibacterials
used as first-line treatment is present. The present study aims to determine the prevalence of Broad-Spectrum
Antibiotic Resistance in adult patients over 18 years of age in the Intensive Care Unit of the Hospital Provincial
General Docente of Riobamba, Ecuador, in 2023. This is an original, observational, cross-sectional study. The
main results are the prevalence of Broad-Spectrum Antibiotic Resistance of 21.9% (95% CI 6.73%-37.02%)
and the prevalence of bacterial sepsis of 16% (95% CI 12.2%-19.7%). It is concluded that the prevalence of
bacterial sepsis and resistance to broad-spectrum antibacterials is high in the Intensive Care Unit, where the
bacteria found most frequently and confer the highest percentage of resistance to septic patients are K.
pneumoniae, E. coli, and P. aeruginosa.
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INTRODUCTION

Sepsis corresponds to a clinical syndrome resulting from a deregulated response to changes in physiological,
biological, and biochemical effects caused by an infection, which, in addition to an inflammatory response,
can produce organ dysfunction, septic shock, and death2. The incidence of sepsis is 31 million people, with
amortality of 6 million per year worldwide, and in Ecuador, a prevalence of 15.1% with a mortality of 47.5%*.
The diagnosis of sepsis is given by the presence of an infection, which produces bacteremia, and signs of
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organ failure are represented by a score greater than or equal to 2 points on the Sequential Organ Failure
Assessment (SOFA)°. There are rapid identification instruments such as the Quick Sequential Organ Failure
Assessment (QSOFA) score, the National Early Warning Score (NEWS) score, and the Targeted Realtime
Early Warning System (TREWS)>S,

Sepsis must be differentiated from Systemic Inflammatory Response Syndrome (SIRS) and Multiple Organ
Dysfunction Syndrome (MODS) since, in these two instances, the infectious process may or may not be
present, which reduces its specificity, with the particularity that the MODS is a final consequence of septic
shock before the patient's death’.

Cultures are the primary tool to identify the causal agent; however, in half of cases, sepsis presents a negative
culture, and the pathogen is not identified®. Data show bacteria as the predominant pathogens in positive
cultures’. Gram positives are more frequent, among the most common Staphylococcus spp, Streptococcus spp,
and Enterococcus spp, on the gram negatives, the most prominent representative is enterobacteria®!%'> For
this reason, biomarkers have been investigated that help both the early identification of sepsis and its
differentiation from SIRS more quickly than cultures'>. Among the biomarkers with the best evidence, we
have Procalcitonin (PCT), with a cut-off point of 2ng/mL, and its sensitivity and specificity are more
significant than 90%!*!3. The Polymerase chain reaction (PCR) is also helpful as a screening reagent in the
acute phase but is elevated in infectious and inflammatory processes; interleukin 6 and 8 (IL6 and ILS)
discriminate sepsis from a SIRS used mainly in the pediatric population, and mid regional proadrenomedullin
(MRproADM) is superior to PCT in predict mortality in mid and a long term and discriminates between
bacterial and viral'>,

Septic patients in an Intensive Care Unit (ICU) are treated with antibiotic therapy regimens that are modified
due to the increasing presence of Broad-Spectrum Antibiotic Resistance (BSAR)!®. Antimicrobial resistance
generates 700,00 deaths per year; it is linked to an inherent process of microorganisms due to adaptation
mechanisms or the inappropriate handling of antibiotics intra and extra-hospital'’!°. We have Broad-
Spectrum Antibiotics (BSA) such as carbapenems, cephalosporins, monobactams, and glycopeptides, among
others, where the resistance continues to be a growing problem?’.

There are two types of resistance, intrinsic or acquired; the first is inherent to an antimicrobial that is shown
by all or almost all members of a species, which makes susceptibility tests unnecessary; a clear example is
Klebsiella pneumoniae because it has intrinsic resistance to ampicillin; acquired resistance is the development
of resistance to an antimicrobial to which members of the wild-type bacterial population are susceptible, as a
result of genetic mutations, horizontal gene transfer through plasmids, integrons, transposons or
transformation, or through of a combination of these?! 3. Acquired resistance mechanisms such as antibiotic
efflux or expulsion pumps may occur, modification or inactivation of the antibiotic employing hydrolytic
enzymes called beta-lactamases that inactivate the antibiotic by hydrolyzing the beta-lactam ring of the
molecule24. The four classes of beta-lactamases are penicillinases, whose substrates correspond to
carbapenems; cephalosporinases, cephamycinases and oxacillinases?!. There is global concern about
resistance, mainly to Gram-negative bacteria such as E. coli, Klebsiella pneumoniae, Pseudomonas, and
Acinetobacter, to counteract this process, new generations of BSA have been incorporated®>-%¢. Resistance due
to ribosomal modification occurs mainly to macrolides (S. pneumoniae and S. pyogenes)**. Another
mechanism is blockingntibiotic entry by changes in the cell membrane, generally gram-negative, and also
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through biofilms; these bacteria that form the biofilm are protected against dehydration, ultraviolet light,
antibiotic and phagocytosis'®.

Current data reveal that both in developing countries and in high-income countries, there is a large amount of
resistance to antibacterials, the bacteria that present the most resistance are E. coli, and K pneumoniae, even
more so ir the present beta-lactamases of extended spectrum (ESMLs) or K. pneumoniae carbapenemase
(KPC)?. S. aureus and S. pneumoniae are also found, followed by Salmonella spp, and Micobacteria®’°.
Multidrug-resistance (MDR) gram-negative bacilli are one of the main concerns in the health field for causing
nosocomial and community infections, particularly NDM-1 Enterobacteriaceae (New Delhi Metallo-beta-
lactamase), as well as infection by Clostridium difficile and Pseudomona aeruginosa that drive the search and
creation of new classes of antimicrobials with a broader spectrum of action®'~,

With this introduction, we hypothesize that there is a high prevalence of BSAR used for first-line treatment in

adult patients over 18 years of age with a diagnosis of sepsis in the ICU of a public Hospital in Ecuador.

Our general objective is to determine the prevalence of Broad-Spectrum Antibiotic Resistance in adult patients
over 18 years of age with a diagnostic of bacterial sepsis in the Intensive Care Unit of the Hospital Provincial
General Docente, Riobamba, Ecuador, in 2023. The specific objectives are to establish the prevalence and
epidemiological profile of bacterial sepsis in patients over 18 years of age in the ICU of the Hospital Provincial
General Docente de Riobamba in 2023, to describe the medical service and the most frequent focus in which
antimicrobial resistance occurs, to analyze the relationship between the culture result, and PCT levels with the
presence of antimicrobial resistance and to determine the bacteria with the most antimicrobial resistance.

MATERIAL AND METHODS

We present an original observational work corresponding to a cross-sectional study. The information was
investigated objectively by a general practitioner specializing in research in Health Sciences, an expert doctor
in emergency medicine, and resident doctors of the ICU and emergency department.

In the first instance, the anonymized database provided by HPGDR statistics personnel was reviewed,
obtaining the variables to be studied. With a population of 10,840 patients representing total hospital
discharges from January to December 2023, inclusion criteria were applied: the presence of sepsis or septic
shock either as a main, secondary, or tertiary diagnosis, from the ICU area over 18 years of age, whether from
internal medicine, gynecology, and surgery. Exclusion criteria include sepsis or septic shock of viral, fungal,
or parasitic origin and those that have not been treated with broad-spectrum antibiotics. 10,465 patients are
excluded because they are under 18 years of age and were not hospitalized in the ICU. We obtain a sample of
375 patients. With this sample and applying inclusion and exclusion criteria, we carry out the epidemiological
profile of sepsis in the ICU using univariate analysis. The data were collected in Excel, and the analysis was
carried out using the SPSS27 statistical package.

Subsequently, the numerator of the calculation of the prevalence of bacterial sepsis is taken as the basis to
obtain a new sample guided by the Granmo calculator to determine the epidemiological profile of BSAR,
which is the main objective of our study. As a result, an ideal sample of 34 is estimated with 90% confidence,
precision of +/- 10 percentage units, a predictable population percentage of 50%, and replacements of 10%.
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The medical records were reviewed from this ideal sample, and a sample of 32 patients was obtained through
simple random sampling.

The statistical staff provided anonymized data with the following variables: diagnosis of sepsis or septic shock,
septic focus, culture performed, type of culture, bacteria isolated, initial treatment with BSA, the spectrum of
resistance or sensitivity by antibiogram, level of procalcitonin, discharge, comorbidities if rotation antibiotic
was necessary and service of origin. Confounding variables: age and sex.

To minimize selection bias, the entire process of obtaining the sample and variables was carried out by the
hospital's statistics staff, who are available for review through authorization so that they can be verified.
Strategies to minimize information and measurement bias were not addressed. The first instance database was
created in Excel, it was later imported into the SPSS 27 statistical package to carry out the univariate and
bivariate analysis, performing statistical tests such as Fisher's exact test, Levene's test, and non-parametric
Mann-Whitney U test. The STROBE recommendations were followed for the publication of the results of
observational studies.

The Hospital Provincial General Docente de Riobamba (HPGDR) does not have an Ethics Committee for
Research (ECR), which is why an institutional review board was held with members of the Health Care Ethics
Committee and Hospital authorities to evaluate the relevance and bioethical considerations of the study. After
the delivery of the confidentiality commitment by the researchers, covering the ethical concerns and laws for
the Protection of patient data expressed in the Declaration of Helsinki of the World Medical Association
(WMA), the recommendations on the Protection of participants in the research of the International Committee
of Medical Journal Editors (ICMJE), the International Ethical Guidelines for Epidemiological Studies of the
Council for International Organizations of Medical Sciences (CIOMS), and for Ecuador, the Organic Health
Law of 2006 and the Organic Data Protection Law Personal data from 2021, authorization and general
informed consent to obtain anonymized data from medical records were provided by the medical care director
of the HPGDR, it was considered an exempt study.

RESULTS

Epidemiological profile of sepsis

The population corresponds to the total number of HPGDR discharges in the year 2023 (n=10,840); 10,465
people are under 18 years of age and were not hospitalized in the ICU; we obtain as a result a sample (n=375)
that corresponds to the denominator of the calculation of the prevalence of sepsis. The inclusion (n=62) and
exclusion (n=2) criteria are applied, resulting in the numbering for the calculation of the prevalence of sepsis
(n=60). The prevalence of bacterial sepsis in patients over 18 years of age (60/375*100) is 16% (95% CI
12.2%-19.7%) in the HPGDR ICU in 2023, 65% are women (n=39), and 35% are men (n=21).

Septic foci are represented in Figure 1. Among the 22 patients with septic urinary focus, 12 were obstetric
patients; added to the 6 patients with pure obstetric focus we obtain a result that represents 30% (n=18) of
which 33.3% (n=6) due to abortion incomplete or septic and 11.1% had preeclampsia (n=2). For patients with
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sepsis of abdominal focus, 25% (n=5) were due to peritonitis due to perforated appendicitis, 10% (n=2) due
to intestinal obstruction, and 5% (n=1) due to surgical site infection.

Only one patient, representing 1.6% of the total number of patients with sepsis, progressed to septic shock.
40%

35%

30%
25%
20%
15%
10%
I =

urinary  abdominal pulmonary obstetric  soft tissue bone

Figure 1. Distribution of Septic Foci

The comorbidities they presented were Diabetes mellitus 2 11.6% (n=7), acute and chronic kidney disease
6.6% (n=4), pancreatitis 3.3% (n=2), other comorbidities they presented (n=1 per each pathology) were colon
cancer, choledocholithiasis, alcoholic hepatitis, cholelithiasis, polycystic ovary, high blood pressure, which
together represent 10% and patients without comorbidity 68.5% (n=41).

For hospitalization days, we have an average of 8 days. 66.6% (n=40) belong to Clinic/ICU with an average
of 8 days, 18.3% (n=11) represent Gynecology/ICU patients, with an average of 8 days, and for Surgery/ICU
with 15% (n=9) average 10 days of hospitalization.

Epidemiological profile of Broad-Spectrum Antibiotic Resistance

To establish that a patient has BSRA, the result of the culture with an antibiogram was considered so much
that it had to have a positive outcome that shows the bacteria causing sepsis and that the bacteria is resistant
to at least one broad-spectrum antibiotic. In patients with a negative culture with clinical evidence of bacterial
infection, it was established that a broad-spectrum antibiotic should have been administered. It would have
been necessary to rotate antibiotics to achieve clinical improvement to be considered a patient with BSRA.
Therefore, for the sample (n=32) from which we analyzed the epidemiological profile of BSAR, we obtained
the following data: 40.6% are men (n=13) and 59.5% are women (n=19). We determined that 78.13% (n=25)
do not present BSAR, and 21.9% (n=7) patients present BSAR, as a result, the prevalence of BSAR in patients
with bacterial sepsis older than 18 years of the HPGDR ICU in the year 2023 is 21.9% (95% CI 6.73%-
37.02%).
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The average age among patients with BSAR and patients without BSAR show no differences, with mean
age=51 and mean age=50, respectively. There were no patients from surgery with BSAR (n=0); however, the
highest percentage of patients with resistance was from the internal medicine service 71% (n=5) followed by
gynecology with 28% (n=2). In the case of patients without BSAR, the highest percentage was in internal
medicine 56% (n=14), followed by surgery 24% (n=6) and gynecology 20% (n=5).

We obtained an average number of days of hospitalization of 5 days for patients without BSAR and 7 days
for those who did not present BSAR in the ICU.

Regarding the diagnosis, 50% (n=16) of the patients had sepsis without evolution to septic shock, of which
37.5% presented BSAR. The remaining 50% had a diagnosis of sepsis that progressed to septic shock, of
which 6.25% (n=1) had BSRA.

The proportions of septic foci of the patients with BSAR are described below in Table 1.

Foci n %

Urinary 3 42.9
Pulmonary 3 42.9
Abdominal/pelvic 1 14.3

Table 1. Septic foci of the patients with BSAR.

The results obtained from analyzing the cultures in sepsis and septic shock and the organisms identified are
shown in Table 2.

Result n n % % (BSAR)
(BSAR)
Culture Positive 9 6 28.1 66.7
(sepsis/septic Negative 11 - 34.4 -
shock) Unrealized 12 - 37.5 -
Isolated E. coli 5 3 15.6 60
bacteria in K. pneumoniae 4 3 12.5 75
cultures P. aeruginosa 1 1 (isolated 100
(isolated together with together with
K. pneumoniae) K.
pneumoniae)
None 23 1 71.8 23
(culture
negative/unrealized)

Table 2. Univariate analysis of the results of cultures and isolated bacteria. 2023
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100% of patients were treated with broad-spectrum antibiotics as the first line of treatment. In the univariate
analysis, no mean differences were shown (mean=2) for patients according to the number of comorbidities,
but a difference in averages for the PCT value where a mean of 10.09ng/ml is obtained in patients without
BSAR, and patients with BSAR (mean = 6.47ng/ml).

Cultures and antibiograms show greater resistance in bacteria such as K. pneumoniae ESBLs and KPC and E.
coli ESBLs.

Table 3 represents the cross-tabulation for the variable's presence of BSAR versus the culture result.

Cross Tabulation

BSAR
NO YES Total
Culture Negative/unrealized 22 1 23
Positive 3 6 9
Total 25 7 32

Table 3. Cross tabulation for Presence of BSAR versus Culture result.

We can see in Table 4 how the relationship is quantified using Fisher's exact test between the dependent
variable, the presence of BSAR, and the independent variable, the culture result, which shows a statistically
significant relationship (p<0.001) between the culture result and BSAR.

Fisher's Exact Test

Value df Asymptotic  Exact Sig. Exact Sig.
Significance (2-sided) (1-sided)
(2-sided)
Fisher's <0.001 <0.001
Exact Test
N of Valid 32
cases

a. one cells (25.0%) have an expected count of less than 5. The minimum expected
count is 1.97.
b. Computed only for a 2x2 table
c. The standardized statistic is 3.774.

Table 4. Fisher's exact test presence of BSAR versus culture result.

We have a continuous quantitative variable corresponding to the PCT whose mean is 9.43 (95% CI 3.34-
15.51). To determine if there is a relationship between the dependent variable PTC and the independent
variable presence of BSAR, Table 5 shows the equality of variances using the Levene test. Table 6 shows the
analysis using the non-parametric Mann-Whitney U test.
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Levene's Test for Equality of Variances

F Sig.
PCT Equal variances 1.573 0.219
assumed
Equal variances are
not assumed.
Table 5. Levene test for PTC and presence of BSAR.
Test Statistics

PCT
Mann-Whitney U 65.000
Wilcoxon 93.000

w
Z -1.026
Asymp. Sig. (2- tailed) 0.305
Exact Sig. [2*(1- tailed Sig.)] 0.324

Table 6. Mann-Whitney U test for PTC and presence of BSAR.

The Levene Test provides us with a level of Significance greater than 0.05, so we establish equality of
variances; therefore, the Mann-Whitney U Test with 95% confidence establishes that the levels of PTC do not
differ depending on whether or not they present BSAR (p=0.305); as a result, there is no statistically significant
relationship.

DISCUSSION

The evidence suggests a percentage growth of 2.1% to 8.7% of patients diagnosed with sepsis at a general
level*®. There is not much evidence of the approximate percentage for an intensive care unit, for which this
study provides essential information by showing a prevalence of bacterial sepsis of 16%, which is within the
actual population value calculated and represents a necessary part of the reality in Ecuadorian public health.

According to the results, the highest percentage of people who present sepsis concerning sex are women,
corroborated by the fact that the most frequent septic focus is the urinary tract. Current evidence supports
these results since the urinary focus is the most frequent t*’. In our study, the abdominal focus represents only
a tiny percentage of the difference concerning the urinary focus. Studies carried out in hospital settings show
that abdominal focus is widespread since it derives from surgeries due to complications of acute processes
such as appendiceal perforations, leading to peritonitis or Fournier gangrene %.

The Control Strategy Against Antibiotic Resistance in Argentina mentions K. pneumoniae and E. colis, the
main multidrug-resistant agents *. Likewise, in this study, they are the most prevalent along with P.
aeruginosa, showing resistance mainly to fourth-generation cephalosporins, carbapenems, aminoglycosides
and monobactams. Although this 21.9% prevalence of BSAR does not appear to be worrying, it is worth
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clarifying that cultures are not always available due to hospital administrative issues, lack of patient resources,
or half of the cultures do not identify the etiological agent, considered a negative culture. But when analyzing
the data, we realize that when the etiological bacterial agent is identified, 66% present BSAR, which mostly
come from the Internal Medicine service, a fact that is corroborated by obtaining a value of Exact Test Fisher
significant (p<0.001) to represent the relationship between performing a culture and the presence of BSAR.
We can hypothesize that with a larger sample size and a greater number of positive cultures, the value of the
prevalence of BSAR would increase considerably, but more research is necessary where a more significant
number of cultures are to be analyzed.

PCT is a biomarker used to detect an infectious process early, which helps differentiate it from SIRS'. This
biomarker is not considered as a possible factor predictor that the septic process presents some resistance to
the antibiotics used. Consequently, when performing our analysis with the non-parametric Mann-Whitney U
model, we can show that we do not obtain a significant value (p>0.05), therefore there is not enough evidence
to establish a relationship between the levels of PCT and the appearance or not of BSAR.

This study represents the epidemiological reality of a public Ecuadorian hospital. Being a cross-sectional
observational study, it is essential to clarify that there are biases inherent to its design. However, it is the
guideline to continue with research and studies of greater scientific power on a threatening reality such as
resistance to antibiotics, which are our primary weapon to combat potentially fatal infections.

Strengths and weaknesses

The main strength of our study is that we worked with the entire population to determine the prevalence of
bacterial sepsis because the 375 patients represent the total number of patients treated in the intensive care
unit in 2023. Although the prevalence of sepsis is not our main objective, our results can be generalized to the
population. We intended to work with the entire population with bacterial sepsis (n = 60) to determine the
prevalence of BSAR; however, 60 physical clinical histories were not found to review variables by the
statistics staff. For this reason, we were forced to perform a sample calculation from those 60 histories. This
represents a weakness of the study, as it is a small sample, there is sample bias, and external validity is lost.
More studies with a larger sample are necessary for the results to be generalizable to the population.

The Hospital does not keep a good record of clinical histories, which generates data loss. Lost data generated
measurement bias, and it was impossible to use regression models to establish relationships with more factors.

As it is a cross-sectional study, we only represent the reality of a specific moment; however, this type of study
reflects data that is susceptible to future research with greater rigor and longitudinal design to be able to
evaluate changes and impacts of interventions.

We urge the scientific community to investigate and include more intensive care units and to be able to
establish results that cover multicenter populations. Our study has an adequate impact on the reality of our
Hospital because it provides us with alert data to strengthen medical action and is susceptible to further
research.
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CONCLUSIONS

Broad-Spectrum Antibacterial Resistance (BSAR) prevalence in adult patients with bacterial sepsis treated
in the HPGDR ICU in 2023 was 21.9%. The overall prevalence of bacterial sepsis in this patient population
was 16%, with K. pneumoniae, E. coli, and P. aeruginosa identified as the most common causative bacteria.
The primary sources of infection were urinary and abdominal, while the main sites of resistance were uri-
nary and pulmonary. Notably, the internal medicine service exhibited the highest rate of resistance.

The study established a correlation between positive culture results and the presence of antimicrobial resis-
tance. However, no association was found between PCT levels and BSAR. The bacteria demonstrating the
most significant resistance were ESBL-positive K. pneumoniae and KPC, ESBL-positive E. coli, and P. ae-
ruginosa. These findings underscore the pressing need for continued surveillance and targeted interventions
to combat the growing threat of antimicrobial resistance in critical care settings.

Recommendations

In future research, the type of antibiotics and their time of use quantitatively, along with their clinical response,
will be analyzed using longitudinal design studies.

Clinical trials or cohort studies should be conducted to measure the effectiveness of interventions by
comparing patients from second-level hospitals with third-level ICU patients from specialized hospitals.
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