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Given the change in the geographic distribution of carbapenemases and the emergence and
dissemination of bacteria that produce more than one of these enzymes, the Pan American
Health Organization / World Health Organization (PAHO / WHO) emphasizes the importance of
appropriate microbiological diagnosis and the effective and articulated implementation of
infection prevention and control programs, as well as regulations for the optimal use of
antimicrobials.

Background
During the COVID-19 pandemic, the emergence of
extensively antimicrobial-resistant microorganisms
and an increase in the incidence of resistance to
carbapenems,1 possibly related to the increased
use of broad-spectrum antibiotics in patients with
COVID-19, has been documented. 2-7 At the same
time, an increase in the rate of device-associated
healthcare-associated
infections
has
been
observed in intensive care units (ICUs), mainly due
to central vascular catheter and mechanical
ventilation.8

What are Enterobacterales?
Enterobacterales constitute an order of
gram-negative bacteria comprised of
seven families, of which the most relevant
from
a
clinical
perspective
are
Enterobacteriaceae (which includes the
bacterial genera such as Salmonella,
Shigella,
Escherichia,
Klebsiella,
Enterobacter, and Citrobacter, amongst
others), Yersiniaceae (e.g., Yersinia and
Serratia), and Morganellaceae (e.g.,
Morganella, Proteus, and Providencia).

Even prior to the COVID-19 pandemic, the
emergence of gram-negative pathogens resistant
While Enterobacterales are commonly
to carbapenem antibiotics due to the presence of
associated with human disease, many
are also part of the normal intestinal flora.
carbapenemases was recognized as a public
health problem.9 Currently, enzymes of the
Klebsiella pneumoniae carbapenemase (KPC),
Oxacillinase (OXA), New Delhi Metallo-beta-lactamase (NDM), Verona Integron-Encoded
Metallo-beta-lactamase (VIM), and Imipenemase (IMP) families are the most frequently
detected worldwide. Some of these carbapenemases emerged in bacterial species that
facilitated their rapid dissemination, increased incidence,10 or caused large hospital outbreaks.11
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However, the geographical distribution is heterogeneous, and certain countries and regions
have been more affected by some types while other types have not been detected.12 Isolates
of Enterobacterales that co-produce two or more types of carbapenemases have also been
described sporadically.13,14 An additional consideration is the increased interaction between
humans and companion animals, given the occurrence of documented cases of
carbapenemase-producing pathogens among these animals and the potential animal-human
transmission.15

Summary of the situation in Latin America and the Caribbean
The Latin American Antimicrobial Resistance Surveillance Network (ReLAVRA as per its acronym
in Spanish) has been monitoring resistance to carbapenems in gram-negative bacilli for more
than 15 years. Between 2006 and 2010, resistance to carbapenems in K. pneumoniae was
detected sporadically in some countries. Between 2010 and 2019, the countries within this
network reported a slow but sustained increase in resistance, with a wide heterogeneity in
magnitude and reaching a prevalence greater than 60% in some countries. This high prevalence
must be interpreted with caution, as there could be some bias in the selection of strains for
surveillance.
In literature reviews of the epidemiology of these enzymes in Latin America and the Caribbean
published in 2017 and 2021, the wide dissemination of Enterobacterales throughout the Region
was described, notably KPC-type carbapenemases, which have become endemic in some
countries. The presence of other carbapenemases such as NDM, and to a lesser extent IMP and
VIM, was also described.16,17
Since the beginning of the pandemic, the national authorities of several countries in the Region,
based on the results of the national reference laboratories that are members of ReLAVRA, have
issued alerts on the emergence of carbapenemase-producing Enterobacterales (CPE) not
previously described, or an increasing number of isolates that co-express two or more of these
enzymes. A selection of these is listed below:
-

Argentina describes in its alert that during the period May to November 2020, the coproduction of KPC and NDM was identified as the most prevalent combination of
carbapenemases (16%) among the carbapenem-resistant Enterobacteriaceae (CRE)
received in the national reference laboratory. This combination had not been previously
documented in the country.18

-

In Uruguay, an increase in isolates producing KPC and NDM was observed, from 1%
during 2017-2019 to 3.3% between January 2020 and May 2021.19

-

In Ecuador, alerts were issued regarding the first co-producing isolates of KPC and NDM
(K. pneumoniae) and of KPC and OXA-48 (Escherichia coli) in early 2021.20

-

In Guatemala, an alert was issued regarding the detection of the first isolates belonging
to the Enterobacter cloacae complex producing KPC and NDM in July 2021.21

-

In Paraguay, in July 2021, the first isolates co-producing the carbapenemases KPC and
NDM were reported in two isolates of K. pneumoniae.22
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Additionally, the emergence of carbapenemases that had not previously been detected at the
national level was reported: the first isolates of NDM-producing Enterobacterales were identified
in Belize,23 and the first isolates of the OXA-48 carbapenemase were identified in Chile and in
Guatemala. 24,25
Due to the plasmid nature of the genes encoding these enzymes and the multi-resistant
phenotype of these clinical enterobacteria, the probability of dissemination of these resistance
mechanisms is very high. Their emergence, resulting in a significant increase in resistance to
carbapenems in Enterobacterales, along with the co-existence of resistance mechanisms to
polymyxins, limits the antimicrobial treatment for these pathogens. The spread of double
carbapenemases is also being observed regionally in non-fermenting bacteria such as
Pseudomonas spp. and Acinetobacter spp.

Recommendations
Given these findings, PAHO / WHO recommends that Member States implement and strengthen
epidemiological surveillance and investigation to detect and characterize resistance
mechanisms to carbapenems in order to take timely measures to prevent transmission in health
facilities, as well as to effectively implement programs to optimize the use of antimicrobials.26,27
It is recommended that all sectors involved at the human-animal-environment interface work in
a coordinated and effective manner in order to mitigate the current situation.
Surveillance and epidemiological investigation
The finding of isolates producing carbapenemases not previously described, or double / multiple
carbapenemases, should be considered a high epidemiological risk due to their ability to
generate outbreaks, and must be detected and contained in a timely manner. For this purpose,
the following actions are suggested:
-

Increase the participation of clinical laboratories in surveillance systems for the timely
detection of bacteria that produce (double / multiple) carbapenemases in order to
guide timely control measures.

-

At the level of national reference laboratories, apply a regional protocol for the
detection of carbapenemases.18

-

Immediately notify the detection of microorganisms with these types of resistance
mechanisms to the infection control committees in health establishments, as well as to
the competent public health authorities at the national level, and if applicable, at the
international level through the International Health Regulations (IHR) National Focal Points
(NFPs).

-

Disseminate the information obtained and make recommendations to alert health
workers and decision-makers at all levels.

Laboratory detection
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In order to strengthen the capacity in microbiology laboratories, it is recommended to:
1) Detect microorganisms producing two or more carbapenemases. Conventional
phenotypic tests may not detect the presence of two or more carbapenemases, which
would underestimate the presence of one or both.
-

Therefore, clinical microbiology laboratories must have the necessary tools for the
phenotypic detection of isolates producing two or more carbapenemases, using
the algorithms designed by the regional reference laboratory adapted to the
national resources and epidemiology, or flow charts that include more than one
detection strategy, combining different methodologies to be applied for those
isolates suspected of producing this type of enzymes.

2) Characterize the types of carbapenemases.
-

Immunochromatography or molecular methods such as polymerase chain
reaction (PCR) can be used, either by means of commercial systems or
techniques developed in-house.

-

The clinical microbiology laboratory should have the capacity to identify the type
of carbapenemase using defined work protocols in addition to having the
capacity to identify alternative antibiotic treatments.

If unusual carbapenemases or more than one enzyme are suspected, it is recommended to
send the strain to the national or regional reference laboratory for confirmation and molecular
typing.
Infection prevention and control
The emergence of bacteria harboring these genes demonstrates the ability of these
microorganisms to evolve rapidly, acquire plasmids carrying multiple resistance genes, persist in
the hospital environment, and spread successfully. Therefore, strict administrative measures and
techniques for the prevention and control of infections in the hospital environment are indicated
for patients colonized or infected by carbapenemase-producing pathogens.
As stated in the 2019 WHO manual to prevent and control the spread of organisms resistant to
carbapenems, 28,29 it is essential to establish multimodal strategies that include, at least:
- hand hygiene;
- surveillance of infections and colonizations (particularly CPE);
- contact precautions;
- isolation of patients (in individual rooms or cohort); and
- environmental cleaning.
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• Conducting screening (cultures of samples taken by rectal or perianal swabs) to detect
CPE colonization must be guided by local epidemiology and risk assessment. Populations
that should be considered for such surveillance of colonized patients include:
-

patients with previous colonization / infection by CPE;
contacts of patients colonized or infected by CPE;
patients with a history of recent hospitalization in CPE-endemic institutions.

• The purpose of these surveillance cultures is to inform the measures to prevent the spread
/ dissemination of CPE; therefore, it is necessary to implement contact precautionary
measures until the results of the cultures are obtained.
Antimicrobial treatment
Due to the complexity of the treatment, there is no international consensus on the optimal
combination or dosage for the treatment of microorganisms that produce two or more
carbapenemases to date. Therefore, infectious disease specialists should prescribe
antimicrobial treatment based on the local context. Therefore, it is essential to understand the
local resistance patterns so that the measures are targeted and appropriate, thus guiding and
optimizing the antibiotic treatment for patients.
It is recommended to reinforce the proper use of antimicrobials through the implementation of
optimization programs for their use (PROAs) to preserve their activity.
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