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Isolation of Enterobacter cloacae in a pharmaceutical matrix 

containing amoxicillin and clavulanic acid 

Abstract

Background: in recent years, clinical 
importance has been detected for 
the Enterobacter cloacae Complex 
due to its high resistance to various 
antimicrobials and its association with 
their inactivation and degradation, and 
also for its nosocomial pathogenicity. 
Objective : to show the survival 
capacity of Enterobacter cloacae to 
a mixture of antimicrobial and beta-
lactamase inhibitor. Method: the 
microbiological analysis method used 
in the present study corresponds to 
the direct method described in the 
general chapter � 62 � (Microbiological 
examination of non-sterile products: 
tests for speciic microorganisms) 
of the Pharmacopoeia of the United 
States of America, which consists 
in placing the sample directly in the 
nutrient medium as preincubation, 
to complete the scheme with direct 
passages to broth and selective agar. 
Results: from the determination 
of objectionable microorganisms, 
microbial growth was obtained, 
which was puriied to perform 
preliminary tests for identiication, 
obtaining short gram-negative bacilli 
in staining; in the oxidase test, no 
color change was obtained on the 
strip test, which indicates a negative 
result, and in miniaturized galleries 
the identiication gave Enterobacter 
cloacae with a probability percentage 
of 100%. The results were obtained 
in the microbiological analysis 
(objectionable microorganisms) of a 
pharmaceutical matrix evaluated in 

the Microbiological Analysis Quality 
Control Laboratory of the National 
Directorate of Medicines carried out 
in 2022. Conclusion: there is an 
evident resistance to antimicrobial 
drugs by Enterobacter cloacae, 
even when it comes to multi drugs, 
intended to block the action of beta-
lactamases (which is the nature of the 
studied matrix) created by resistant 
microorganisms.

Keywords: Enterobacter cloacae 
Complex , bacterial resistance, 
isolation, microbiology, objectionable 
microorganisms.

Introduction

Bacteria over time have developed 
efective mechanisms to avoid the 
action of antimicrobials. These 
resistant infections are more diicult 
to treat, generating higher rates of 
morbidity and mortality, requiring 
more resources to control them, 
which generates a signiicant increase 
in health costs (García, C. 2018).
Bacteria of the genus Enterobacter 
are gram-negative bacilli belonging 
to the Enterobacteriaceae family, 
widely distributed in nature. They can 
be found in soil, water and as part of 
the microbiota of animals, insects 
and the human gastrointestinal tract. 
It includes 21 species within which 
the Enterobacter cloacae complex is 
deined (Silva and Martínez, 2018).
The amoxicillin-clavulanic acid 
association presents activity against 
a large number of enterobacteria, 
including those resistant to amoxicillin 
due to the production of broad-
spectrum beta-lactamases such as 
TEM-1, TEM-2 or SHV-1. These beta-
lactamases hydrolyze penicillins 
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(aminopenicillins [ampicillin, amoxicillin], 
carboxypenicillins [ticarcillin]) and, as 
mentioned, are sensitive to beta-lactamase 
inhibitors (Navarro, F. 2011).
The resistance of Enterobacteriaceae to 
antimicrobials has been increasing in the 
last 20 years. The main mechanism involved 
is the production of extended-spectrum 
ß-lactamases (ESBLs), which confers 
resistance to antimicrobials of diferent 
generations. The production rate of ESBLs 
by Enterobacteriaceae in Latin American 
countries is higher than in other regions of 
the world (García, C. 2018).
Among β-lactams, the Enterobacter 
cloacae complex is considered intrinsically 
resistant to aminopenicillins, irst-generation 
cephalosporins and cefoxitin due to the 
presence of AmpC-type β-lactamases with 
diferent degrees of expression, which implies 
variable susceptibility to third and fourth 
generation cephalosporins. In addition, 
strains producing extended-spectrum 
β-lactamases have been described (Silva and 
Martínez, 2018).
Antimicrobial resistance (AMR), arises 
when bacteria change over time and stop 
responding to medications, making it more 
diicult to treat infections and increasing the 
risk of disease spread and the appearance 
of serious illnesses and even death. As a 
consequence of drug resistance, antibiotics 
and other antimicrobial medicines become 
inefective, making infections increasingly 
diicult or impossible to treat (WHO, 2021).
Therefore, the need for the present study has 
the objective of demonstrating the survival 
of the Enterobacter cloacae complex against 
drugs intended to treat bacterial infections, 
even when these drugs have a deactivation 
mechanism against the resistance presented 
by bacteria such as clavulanic acid.

Materials and methods

  -Glass bottle containing 90 mL of Casein 
and Soy Digested Broth
-Glass bottle containing 100 mL of 
MacConkey Broth
-Petri dishes containing 30 mL of MacConkey 
Agar
-10 µL serological loops
-Sterile 10 mL and 1 mL tips
-Biosafety cabin
-10 mL and 1 mL pipettor
-Incubator at 42 °C – 44 °C
-Incubator at 30 °C – 35 °C
-MICROGEN ID Identiication Galleries
The method used for the microbiological 
analysis was: Tests of Speciic Microorganisms, 
determination of Escherichia coli, direct 
method (FEUM, 2021).
This study was carried out using the data 
generated in the quality control analysis 
to verify the microbiological purity of 
a pharmaceutical matrix containing 
amoxicillin and clavulanic acid, evidencing 
the contamination of Enterobacter cloacae 
that is of clinical importance, requiring 
conirmation of the data in a second 
analysis with a second analyst, carried out 
in September 2022 with the same batch of 
the initial sample, the analyzes were carried 
out under controlled conditions according to 
optimal microbiological laboratory practices 
(USP, 2022a) in the microbiology laboratory 
of the National Directorate of Medicines.

Growth promotion: Prior to the execution 
of the tests carried out, the quality control of 
the diferent culture media used is carried out, 
both for nutritional media and for selective 
and diferential media, performing the growth 
promotion test using the microorganisms 
presented in Table 1 (USP, 2022b) (Ph Eur, 
2022) (BP, 2022a).

Isolation of Enterobacter cloacae in a pharmaceutical matrix
containing amoxicillin and clavulanic acid
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Aislamiento de enterobacter cloacae en una matrizfarmacéutica
que contiene amoxicilina y ácido clavulánico

Selective and diferential media for the determination of speciic microorganisms, the following 
abbreviations correspond to the microorganisms presented in the diferent tests P. (Pseudomonas), E. 

(Escherichia), S. (Staphyloccocus) (BP, 2022 b ) .

T✐❥❦❧ ♠♥ ♦♣qrst ✉♣q✈qs✇q①② ✇①t✇❥✇sq♣y and indicative properties of the culture media

Sample preparation and previous 

incubation: the sample is prepared by 
diluting 10 grams of the pharmaceutical 
matrix containing amoxicillin and clavulanic 
acid in 90 mL of digested casein and soy 
broth with additives (see Table 2) , which 
function is to neutralize the antimicrobial 
action of the pharmaceutical matrix. Once the 
pharmaceutical matrix is well incorporated 
into the broth (1 in 10 dilution), a second 
dilution is carried out by taking 10 mL of the 
homogenized sample and placing it in 90 
mL of digested casein and soy broth with 
additives (1 in 100 dilution) (USP, 2022b).

It is incubated under controlled conditions 
(continuous monitoring) of temperature 
between 30 °C to 35 °C for a period of 18 to 
24 h (FEUM, 2021).

Negative control: to verify the conditions 
under which the test has been carried out, the 
diluent selected without sample preparation 
is used as a negative control. No growth of 
microorganisms should be observed and 
this negative control must be subjected to 
the same conditions that the sample dilution 
faces (USP, 2022b).
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Isolation of Enterobacter cloacae in a pharmaceutical matrix
containing amoxicillin and clavulanic acid

The additives Tween 80 and lecithin are added to neutralize the antimicrobial action of the 
pharmaceutical matrix analyzed; g is used to indicate grams and mL to indicate milliliters (USP, 2022b)

Table 2. Ingredients for preparation of initial nutrient broth for Escherichia coli determination test

Selection and subculture: once the 
incubation period is over, the incubated 
sample is shaken (1 in 100 dilution), 1 mL of 
the casein and soy broth digest is transferred 
to 100 mL of MacConkey broth and incubated 
under controlled conditions (continuous 
monitoring) temperature of between 42 °C 
to 44 °C for a period of 24 to 48 h (BP, 2022a).
At the end of the incubation period, the 
MacConkey broth is shaken and 10 µL are 
subcultured on a MacConkey agar plate 
and incubated under controlled conditions 
(continuous monitoring) of temperature 
between 30 °C to 35 °C for a period from 6 to 
72h (BP, 2022a).

Interpretation: Colony growth indicates the 
possible presence of E. coli. This is conirmed 
by identiication tests. The product complies 
with the test if no colonies develop or if 
identiication test results are negative (USP, 
2022b).

Identiication method: for the identiication 
of the microorganism detected in the 
pharmaceutical matrix containing amoxicillin 
and clavulanic acid, a miniaturized gallery of 
biochemical tests of the Microgen GnA+B ID 
type was used (Microgen Bioproducts Ltd, 
2009a).

The miniaturized galleries use a combination 
of biochemical test results to perform a 
characterization of the microorganism based 
on its metabolism through the use of diferent 
substrates, which are described in Table 3.
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Table 3. Substrates used in biochemical tests

It should be noted that all microorganisms detected during the execution of microbiological purity 
tests of speciic microorganisms in the diferent pharmaceutical matrices are identiied to the genus 
and species level with their respective probability percentage (Microgen Bioproducts Ltd, 2009a).

Statistical analysis: in the Microgen GnA+B ID report form, the substrates have been arranged in a 
set of 3 reactions, with each substrate being assigned a numerical value of 1, 2 or 4. The sum of the 
positive reactions for each triplet gives a single digit of the octal code used to determine the identity 
of the isolated microorganism (Microgen Bioproducts Ltd, 2009a).

The octal code is entered into the computer program to proceed with identiication, which is a 
computer-assisted probability-based identiication program. This determines the best range of tests 
to obtain maximum diferentiation capabilities for the species under investigation. It generates a report 
of the ive microorganisms in the database that are most likely to be found. The software generates 
an identiication based on probability, percentage probability, and likelihood, with an analysis of the 
quality of diferentiation, see Table 4 .

Table 4. Percent probability of diferentiation analysis

This provides a measure of the extent of the 5 options as long as they are separated or diferentiated 
from each other. (Microgen Bioproducts Ltd, 2009a)

Source: self made 

Aislamiento de enterobacter cloacae en una matrizfarmacéutica
que contiene amoxicilina y ácido clavulánico
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③esults

Growth promotion: The culture media used in the test where the presence of Enterobacter cloacae 
was detected were evaluated with fourth-passage ATCC mother strains, for which the diferent quality 
aspects of the culture medium were veriied, determining: appearance of the medium of prepared 
culture, pH after sterilization, sterility test and growth promotion test see Table 5.
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Table 5. Quality control results of the culture media used in the tests

Source: self made. The following abbreviations correspond to: C. (Complies), SC. (No Growth, 
A. (Approved), internal codes B12 (Casein and Soy Digested Broth), B05 (MacConkey Broth), A08 

(MacConkey Agar)

Isolation of Enterobacter cloacae in a pharmaceutical matrix
containing amoxicillin and clavulanic acid
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Table 6. Identiication tests of the microorganism isolated from a pharmaceutical matrix

Source: self made

Sample preparation and previous incubation: in the two analyzes carried out at diferent times and 
with diferent analysts, it was observed that, after the incubation period of the homogenized sample 
in casein and soy digested broth, it showed turbidity since the sample is of solid origin, therefore, we 
proceed to continue with the next phase of the analysis.

Negative control: the diferent culture media used in the diferent tests were evaluated at the same 
time as the samples, under the same conditions, and no growth was observed, resulting in the negative 
control being in compliance.

Selection and subculture: at this stage of the analysis, a color change was observed in the MacConkey 
broth to a light yellow color. This broth contains lactose, which, as indicated in the technical sheet 
with the presence of enterobacteria, degrades and produces acid and gas, the production of acid 
is detected by the purple bromocresol indicator, which turns yellow. Ox bile promotes the growth 
of several species of intestinal bacteria and inhibits that of microorganisms that do not live in the 
intestine (Merck, 2021a). When reading the MacConkey agar plates, a growth of circular, convex, 
pinkish colonies was observed, indicating suspicion for speciic microorganisms.

Identiication method: the suspicion was puriied on nutrient agar, obtaining isolated, circular, 
cream-colored colonies. A colony was taken to perform preliminary tests for identiication , obtaining
Gram (-) short stains bacilli. While in the oxidase test, no color change was obtained on the reagent 
strip, which indicates a negative test so the miniaturized galleries were assembled. of Microgen 
GnA+B ID, see results in Table 6. The identiication resulted in Enterobacter cloacae with a probability 
percentage of 100%.

Aislamiento de enterobacter cloacae en una matrizfarmacéutica
que contiene amoxicilina y ácido clavulánico
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Statistical analysis : Once the appropriate data table is created, it can be organized into a database 
(see Figure 1), based on the percentage of a given positive organism for a selected test.

Figure 1. Reaction pattern of the isolated strain

 Source: own elaboration using Microgen ID software version 2.0.8.33 

The calculation of probabilities of an unknown isolated strain is carried out (binomial theorem) for 
each species in the database, see Figure 3.

A/100 * (1 – B/100) * C/100 = probability

Figure 2 . Result obtained from the microorganism under study in the identiication galleries of 

the GN-ID system panel A and B

Isolation of Enterobacter cloacae in a pharmaceutical matrix
containing amoxicillin and clavulanic acid
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Discussion:

The presence of Enterobacter cloacae in an antimicrobial indicates the capacity of this microorganism 
to survive this agent which is because its genetic material has changed, this is why it becomes of 
pharmaceutical interest to study it at a molecular biology level, since this way the metabolites generated 
by these microorganisms can be known. Although this pharmaceutical matrix has an antimicrobial, 
it also has a beta-lactamases blocking agent, which does not allow microorganisms to survive the 
antimicrobials.

In order to have a broader picture of the impact that this isolation of Enterobacter cloacae may generate, 
it is necessary to evaluate the stability of the pharmaceutical matrix and verify throughout its useful life 
how this inding impacts, and thus, verify if this microorganism is capable of degrade an antimicrobial 
through the assessment of the diferent active ingredients present in it.

The limitation in the research, in order to expand and reinforce the study, was the lack of installed 
capacity to evaluate resistance tests to the diferent types of antimicrobials that follow various 
mechanisms of action, in order to verify the impact on AMR that this isolation can mean. This is the 
result of a microorganism that has been isolated from a matrix that has a mixture of drugs that are 
intended to block the resistance capacity of the microorganisms. There has also been a limitation in 
carrying out tests at the genetic level and to determine the causes of the defense mechanism presented 
by the isolated bacteria.

Figure 3. Degree of diferentiation of each identiication option with respect to the other options

Source: own elaboration using Microgen ID software version 2.0.8.33 

Aislamiento de enterobacter cloacae en una matrizfarmacéutica
que contiene amoxicilina y ácido clavulánico
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With this research, it has been possible to expand 
the collection of wild microorganisms that the DNM 
microbiology laboratory has, which is expanding with the 
diferent isolates obtained that in the future will support 
a research that can be carried out about the AMR it can 
present to diferent pharmaceutical products destined to 
bacteria eradication. This creation of strains could be used 
as a general plan in the making of a series of algorithms that 
allow us to confront this type of microorganisms in health 
emergency situations and at the same time have a good 
understanding of the root cause of the diferent phenomena 
that lead to the generation of resistant microorganisms to 
antimicrobials.

If resistance to multiple antimicrobials is conirmed, we 
could classify Enterobacter cloacae as a new super bacteria, 
having serious consequences for antimicrobial treatment 
regimens in health systems.

One of the main applications for which the present study 
can be used is to avoid recommending or administering 
mixtures of amoxicillin and clavulanic acid to patients who 
have proven clinical symptoms of Enterobacter cloacae 
infection .

Conclusion

In the microbiological purity test of speciic microorganisms 
from a pharmaceutical matrix containing antimicrobial 
agents, Enterobacter cloacae was isolated, an opportunistic 
microorganism that is capable of populating the human 
intestine and causing infectious diseases.

For the analysis of pharmaceutical products containing 
antimicrobial agents, it cannot be assumed that they 
are free of contamination. In the present study it can be 
demonstrated that they can be contaminated for diferent 
reasons, but what is important is the ability of the analyst 
to detect and demonstrate them, the ability to neutralize 
the antimicrobial efect by the diferent methods that exist, 
such as the use of inhibitory substances or carrying out 
serial dilutions, which for this study both methods were 
chosen.

It is recommended for laboratories manufacturing 
antimicrobial products to carry out microbiological 
evaluations of all the raw materials involved in the 
manufacture of these products, as well as to carry out all 
quality controls, both on raw materials and the inished 
product, using the diferent forms of inactivation of the 
antimicrobial agents.
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