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ABSTRACT

The Agéncia Nacional de Vigiléncia Sanitdria RDC 220/04 sets minimum requirements for operating an antineoplastic
therapy service, which emphasizes the importance of a quality assurance system that incorporates the best practices for the
preparation of antineoplastic therapy. According to pharmacy protocols, pharmaceutical products must be of a quality that
complies with specifications determined by official codes. The microbiological quality of the environmentfor the preparation
of these medicines is a critical factor in achieving efficiency and safety. Patient safety depends on the sterility of the product
because these patients are usually immunocompromised. The aim of this study was to assess the microbiological quality of
the process of handling anti-cancer drugs at a reference cancer treatment hospital in Paré State, Brazil. Material was
collected by surface swab and spontaneous sedimentation from the biological safety cabinet (BSC), the handlers' gloves and
the air conditioning system. The bacteria and fungi were identified using standard biochemical procedures and
microculture. We isolated 31 colony forming units: 22 were from samples from the BSC, six from the air conditioning system
and three from the handler's glove. The maijority of the microorganisms identified in the BSC samples were Staphylococcus
and Bacillus sp. Staphylococcus and Klebsiella sp were found on the handlers' gloves and in the air conditioning system.
These results showed microbiological contamination of processes involved in antineoplastic preparations. A continuous
monitoring of microbiological quality of the processes, equipment and the environment is necessary as well as a validation
of asepsis and restructuring of the physical space to conform to the RDC 50/02 and 220/04.
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INTRODUCTION individually or in combination, that are administered orally,
intravenously, intra-arterially, intracavitarially or
intramuscularly for the treatment of malignancies. This
therapy is a form of systemic treatment and differs from
older therapies and localized treatment options, such as

surgery and radiotherapy'.

Anticancer drug therapy, or chemotherapy, has become
one of the most important and promising anti-cancer
procedures and involves the use of chemical agents,

The preparation and handling of sterile products, such
as chemotherapy agents, require care and should be
performed by qualified personnel who are trained
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specifically for aseptic procedures to ensure consistency in
obtaining sterile products of acceptable quality’. Microbial
contamination can compromise the performance of the
product by causing a breach of the stability of the
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formulation or by modification of physical and organoleptic
characteristics, leading to the inactivation of the active
ingredients and the excipients of formulation®.

Aseptic technique for the preparation of intravenous
solutions is of extreme importance for patient survival
because once contaminated, the therapy can cause
systemic infections after it is injected into the
bloodstream®. Because these patients are typically
immunosuppressed and most chemotherapeutic drugs do
not have antimicrobial activity (especially against
Pseudomonas aeruginosa and multi-resistant
Staphylococcus aureus), patient safety depends on the
sterility of the product’.

Thus, studies that evaluate the processes of preparing
the sterile product are extremely important because they
allow the evaluation of possible microbial contaminations
during all stages. Microbial growth is evidence that the
technique and/or physical structure of the environment
does not fit the Technical Regulations established by the
Agéncia Nacional de Vigilancia Sanitdria (Anvisa) RDC
220/04, which sets the minimum requirements for the
operation of the antineoplastic therapy service (ATS). The
regulations demand that a quality assurance system should
be incorporated into the good practices for preparation of
antineoplastic therapy (GPPAT) and an effectively
documented and monitored quality control. Therefore, the
aim of this study was to evaluate the microbiological quality
of the handling stage of the ATS at a reference hospital for
cancer treatment in the City of Belém, Pard State, Brazil, to
comply with the GPPAT and thus ensure product and service
quality and to correct any non-compliance with the current
legislation®”.

MATERIALS AND METHODS
SAMPLE AND STUDY SITE

The samples were collected over three days and were
chosen at random during the preparation of
chemotherapeutic agents in the ATS handling room at a
reference hospital in oncology in the City of Belém.

The study material consisted of 31 colonies that were
collected as follows: one plate was placed within the
biological safety cabinet (BSC) for 6 h (sedimentation
method); one plate contained a sample that was collected
by swabbing the surface of the BSC; two plates each
contained swab sample from the gloves of the three
handlers, named A, B and C, collected at the beginning of
the testing period and at the end of the testing period and
one plate was placed in front of the air conditioning system
for 5 min.

PRINCIPLE OF THE TECHNIQUES

This was an observational, descriptive, prospective
study in which two air sampling techniques were used for
microbiological environment control: the sedimentation
plate method®” and the surface contact method .

The surface swab method was used to collect material
from contact surfaces and from the handlers' gloves. The

sedimentation method was used to collect samples from the
air conditioning system and from the BSC and consisted of
exposing a 90-mm diameter petri plate with 20 mL of
selective or non-selective medium (the nutrient agar) to the
airin that environment for 6 h. The colonies were deposited
by gravity and then counted. The plates were identified and
packed in thermic styrofoam boxes under aseptic
conditions and subsequently transported to the
microbiology laboratory, where they were incubated at 37°
C for 24 to 48 h; the evaluation was performed by
determining the number of colony forming units (CFU)
according to Pasquarella et al®.

Subsequently, the colonies were identified based on
their Gram stain characteristics and were cultivated at 37°
C in MacConkey Agar medium (HIMEDIA) or Mannitol
Agar Salt (HIMEDIA) (in two plates of each medium). The
colonies that presented themselves as Gram-positive cocci
grouped in clusters were subjected to biochemical
identification tests for catalase, oxidase and coagulase
activity'. The Gram-negative organisms were identified
based on their growth on MacConkey Agar and underwent
biochemical tests, such as citrate, urea, H2S, indole,
motility, lysine decarboxylase and oxidase/glucose and
sucrose fermentation, for identification of enterobacteria
and non-fermenting bacilli"?. In the case of fungal growth
in Sabouraud medium, growth was evaluated on a slide
using cotfton blue dye or clarified with KOH and
microculture.

The microculture technique involves placing a small
sample of the culture medium containing the fungus on a
slide for microscopy. A coverslip is laid over the sample
and the slide is placed in a moist room. The fungus grows
at the bottom of the coverslip and develops fructifications
that can be analyzed directly through the microscope
without being destroyed by manipulation''. The
recommended limits for microbiological monitoring of
clean rooms in the operation are determined based on the
Pharmaceutical Inspection Convention (PIC) in which the
aseptic preparation of solutions is described in group A"
(Table 1).

Recommended limits for microbial
contamination according to the Guide to

Good Manufacturing Practice for
Medicinal Products of the PIC

Table 1 -

Recommended limits for microbial contamination

Air Settle plates Contact Plates ~ Glove print
Grade sample (diam. 90 mm). (diam. 55 mm). 5 fingers
CFU/m’® CFU/4 h CFU/plate CFU/glove
A <1 <1 <1 <1
B 10 5 5 5
C 100 25 25 -
D 200 100 50 -

Conventional sign used: — Numerical data not equal to zero due to
rounding.

Source: Pharmaceutical Inspection Convention'® and European Good
Manufacturing Practices'.
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The project (protocol 1329/10) was approved by the
Ethics in Research Committee of the Hospital Universitdrio
Jo&o de Barros Barreto of the Universidade Federal do Pard
(HUJBB/UFPA) (CAAE — 3076.0.000.071-10), and the
procedures comply with Resolution 196/96 of the
Conselho Nacional de Saude.

RESULTS

A total of 31 CFU's were isolated from the analyzed
sources: 22 (71%) were obtained from the BSC, three (10%)
were obtained from the handlers' gloves and six (19%) were
obtained from the air conditioning system (Figure 1).
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Figure 1 — Percentage distribution of CFU's according to the
sources: BSC, handlers' gloves and air conditioning

The qualitative analysis of the colonies demonstrated
that potentially pathogenic microorganisms had been
isolated from all samples from the three analyzed sources.
Bacteria from the coagulase-negative staphylococcus
group were the most commonly detected microorganisms
inthe analyzed samples (23 of 31 colonies or 74.19%).

Overall, 18 (82%) of the 22 CFU's isolated from the BSC
were obtained with the sedimentation method and four
(18%) were obtained with the surface swab method. The
results showed a higher frequency of Gram-positive bacteria,
and the most common microorganism was coagulase-
negative staphylococcus (73%), followed by Gram-positive
bacillus (13.5%). Only one Gram-negative bacterium was
isolated: a non-fermenting Gram-negative bacillus (4.5%)".
Furthermore, filamentous fungi of the genus Curvularia sp
were found at a frequency of 9% (Table 2).

Table 2 — Value of microorganisms and the number of
CFU's by two collection methods in BSC

Microoraanisms Spontaneous  Collection CFU
colard | sedimeniofion surface by
(CFU) swab (CFU) N %

Coagulase-negative 14 ) s 73
staphylococci
Gram-positive bacilli 2 1 3 135
Non-fermenting
Gram-negative bacilli 1 - 1 4.5
Fil tous fungi

ilamentous fungi, : : , .

genus Curvularia sp

Total 18 4 22 100

N: Number; %: Percentage; Conventional sign used: — Numerical data not
equal fo zero due fo rounding.

Glove samples were obtained at two timepoints: before
and after the handling process. At the beginning of
manipulation, there was no growth from any glove
samples, which demonstrated that the gloves were sterile.
However, contamination was observed in samples
collected during the second day of the collection.

Among the three technicians' gloves that were analyzed,
only the samples collected from the handler B's glove
showed microbiological contamination with coagulase-
negative bacteria (two CFU's, 67%) and Klebsiella sp (one
CFU, 33%).

In the manipulation room air conditioning system
samples, five (83%) CFU's of coagulase-negative
staphylococcus and one (17%) CFU of Klebsiella sp were
found. Moreover, variations in room temperature were
observed, and the air conditioner cleaning filter was absent
from the register.

DISCUSSION

Air microbes are difficult to quantify, and four main
methods can be used: the counting of CFU/m? in air, the
counting of CFU on plates, the measurement of chemical
components of microbial cells/m® in air; and counting
under the microscope. Air samples can be collected in two
ways. Active air sampling involves collecting a known
volume of air in a nutrient medium using differentiated and
specific techniques, and the passive method consists of the
use of petri plates containing solid nutrient medium that are
left exposed to air for a given time period; this is considered
a qualitative method®.

In this study, the analysis revealed a high rate of
contamination in the studied samples, mainly in the 2BII
class cabinet and on the technicians' gloves, where no type
of microbial growth should occur™.

The main microorganisms isolated from the samples
from the BSC, which were coagulase-negative
staphylococci (73%) and Gram-positive bacilli (13.5%),
are widely distributed in the environment and are found as
part of the normal flora of the skin and mucous
membranes of humans and animals. Recent studies of
microbiological monitoring in non-classified
environments using the same methodology detected the
presence of these microorganisms’.

Although these microorganisms are considered
environmental contaminants, they may behave as
opportunistic pathogens and are capable of
producing disease in immunocompromised individuals,
which is important because most cancer patients
are immunocompromised'®. Coagulase-negative
staphylococci, in particular, have been highlighted as
an important agent of human diseases, such as
bacteremia, endocarditis and osteomyelitis, in addition to
the emergence of resistance to commonly-used
antimicrobials'".

The two methods of collection from the BSC showed
growth of Gram-positive bacilli and the filamentous fungi
of the Curvularia sp genus, which is considered a common
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environmental contaminant'®. Bacteria and fungi are most
often associated as biocontaminants that compromise
indoor air quality"’.

The results of a study conducted by Andrade Silva et al™®
in an operating room of a hospital, using the same
methodology as used in this study also showed the
presence of filamentous fungi and other microorganisms.

The presence of these organisms suggests that the
process of room and equipment cleaning is not adequate,
or the entry and exit of individuals who work in these rooms
are not being controlled. Studies conducted in Brazil
emphasize the importance of restricting access to the
handling area to trained personnel only to minimize
particulate and microbial contamination'”?.

The contamination of  handlers' gloves by
microorganisms usually involve normal flora, coagulase-
negative staphylococci and Klebsiella sp and highlights the
role of the technician as a carrier of contamination”. In
cases where contfamination was detected on the handlers'
gloves, it was observed that the hands were repeatedly
removed from the cabinet during the manipulation process
to obtain medicine bottles, syringes or other material; this
did not occur with the other technicians. This procedure
should be avoided because it can result in the introduction
of contamination since the laminar flow is interrupted and
microorganisms can be transferred from the gloves into the
BSC”. According to the American Society of Health-System
Pharmacists, all materials necessary for aseptic preparation
should be prepared in the critical areq, i.e., inside the BSC
to avoid interruption of the airflow between the HEPA filter
and the critical placement of bottles and containers. This
scenario is likely to have occurred because the samples
from gloves before the handling process presented no
microbiological growth, which confirmed their sterility'”.
Therefore, the validation of hand sterilization, education
and training of the professional handler is extremely
important for maintaining an aseptic area.

The major groups of air contaminant particles present in
air-conditioned ambient conditions include fungi, bacteria,
spores and viruses that originate from the outside air, air
conditioning system, construction, furniture and especially
from its occupants™. In this study, the contamination in the
samples from the handlers' gloves was the same as the
contamination found in the air conditioner samples,
differing only in the number of CFU's (five coagulase-
negative staphylococci colonies and one Klebsiella sp
colony). Based on this methodology, the presence of
contaminant fungi was not observed, perhaps as a result of
the exposure time of this study. However, other studies have
reported the frequency of bacterial contamination in clean
hospital environments. Many studies have shown that

assessing the level of contamination in areas considered at
risk is very important in preventing infection™.

It is important to note that the physical space of the
hospital chemotherapy pharmacy in this study does not
conform to the RDC 220/04 and 50/02, which may
contribute to contamination of the room air. In 2004, the
Anvisa set the minimum requirements for the operation of
the ATS in the Technical Regulation established by RDC
220/04. These include the requirements that the ATS
should have o quality management system that is
incorporated into GPPAT and an effectively documented
and monitored quality control protocol. This system ensures
the assessment and periodic registry of critical points in the
process and implementation of corrective actions and
continually improves the processes that ensure the quality
of these products®’.

This study was socialized among pharmacists of the
Department of Oncology in the hospital in which changes
in standard operating procedures had been immediately
made, adopting mainly the presence of an assistant in the
room for manipulation to avoid excessive removal of
manipulator hand from inside the cabin and the
disinfection of medicines and air conditioning of the clean
room with 70% alcohol to minimize microbiological
contamination. However, the validation of the procedures
to guarantee the aseptic quality of the products is
important.

CONCLUSION

In short, this study showed the environmental and
process contamination, mainly by bacteria and fungi, which
can be potentially pathogenic to immunocompromised
individuals.

Our findings, in addition to those described by other
authors and current laws, suggest the need for continuous
monitoring of microbiological quality of processes,
equipment and environmental preparation of chemotherapy
agents, as well as a validation of the asepsis and the
restructuring of physical space according to the RDC 50/02
and 220/04 to optimize therapy and minimize risks to public
health.

Further studies are necessary to evaluate the final
product and confirm contamination as a result of dubious
and non-validated manipulation processes.
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Avaliacdo microbiolégica do processo de manipulacéo de antineopldsicos em um
hospital de referéncia no tratamento de cancer no Estado do Pard, Brasil

RESUMO

A Resolugdo RDC 220/04 da Agéncia Nacional de Vigilancia Sanitéria estabelece os requisitos minimos para o
funcionamento dos servicos de terapia antineopldsica e enfatiza a importéncia de um sistema de garantia da qualidade que
abranja as melhores prdticas para a preparacdo da terapia antineopldsica. De acordo com os protocolos farmacéuticos, os
produtos devem obedecer &s especificacdes determinadas pelas normas da legislacéo oficial. A qualidade microbiolégica
do ambiente na preparacdo das drogas antineopldsicas é um fator essencial para que seja realizada com eficiéncia e
seguranca. A seguranca dos pacientes depende da esterilidade do produto, pois eles séo geralmente imunocomprometidos.
O obijetivo deste estudo foi avaliar a qualidade microbiolégica do processo de manipulacéo de drogas antineopldsicas em
um hospital de referéncia no tratamento de cancer no Estado do Pard, Brasil. O material foi coletado da cabine de
seguranca biolégica (CSB), de luvas de manipuladores e do sistema de ar-condicionado, por meio de swab de superficie e
sedimentacdo esponténea. Os espécimes de bactéria e fungo foram identificados por procedimentos bioquimicos padroes,
bem como por microcultura. Foram isoladas 31 unidades formadoras de colénias: 22 de amostras da CSB, seis do sistema
de ar-condicionado e trés de luvas de manipuladores. A maioria dos micro-organismos identificados nas amostras da CSB
era de Staphylococcus e Bacillus sp. Foram encontrados Staphylococcus e Klebsiella sp nas luvas dos manipuladores e no
sistema de ar-condicionado. Os resultados apresentados demonstraram uma contaminagdo microbiolégica nos processos
envolvidos na preparacéo de antineoplésicos. E necessdrio que se faca um monitoramento continuo da qualidade
microbiolégica desses processos, dos equipamentos e do ambiente, e que seja feita a validacdo da assepsia e a
reestruturacdo do espaco fisico, para que sejam obedecidas as Resolucées RDC 50/02 e 220/04.

Palavras-chave: Antineopldsicos; Contaminacéo de Medicamentos; Boas Praticas de Manipulacéo; Staphylococcus;
Bacillus; Klebsiella.

Evaluacion microbiolégica del proceso de manipulacion de antineopldsicos en un
hospital de referencia en el tratamiento de cancer en el Estado de Pard, Brasil

RESUMEN

La Resolucién RDC 220/04 de la Agéncia Nacional de Vigiléncia Sanitdria establece los requisitos minimos para el
funcionamiento de los servicios de terapia antineopldsica y enfatiza la importancia de un sistema de garantia de la calidad
que abarque las mejores prdcticas para el preparo de la terapia antineopldsica. De acuerdo a los protocolos farmacéuticos,
los productos deben obedecer a las especificaciones determinadas por las normas de la legislacién oficial. La calidad
microbiolégica del ambiente en el preparo de las drogas antineopldsicas es un factor esencial para que éste sea realizado
con eficiencia y seguridad. La seguridad de los pacientes depende de la esterilidad del producto, ya que son pacientes
generalmente inmunocomprometidos. El objetivo de este estudio fue el de evaluar la calidad microbiolégica del proceso de
manipulacién de drogas antineoplésicas en un hospital de referencia en el tratamiento del cdncer en el Estado de Pard,
Brasil. El material se colecté de la cabina de seguridad biolégica (CSB), de guantes de manipuladores y del sistema de aire
acondicionado, por medio de swab de superficie y sedimentacién espontdnea. Los especimenes de bacteria y hongos fueron
identificados por procedimientos bioquimicos estdndar, bien como por microcultivo. Se aislaron 31 unidades formadoras de
colonias: 22 de las muestras de la CSB, seis del sistema de aire acondicionado y tres de guantes de manipuladores. La
mayorfa de los microorganismos identificados en las muestras de la CSB era de Staphylococcus y Bacillus sp. Se hallaron
Staphylococcus y Klebsiella sp en los guantes de manipuladores y en el sistema de aire acondicionado. Los resultados
presentados demuestran una contaminacién microbiolégica en los procesos involucrados en el preparo de antineopldsicos.
Es necesario realizar un monitoreo continuo de la calidad microbiolégica de esos procesos, de los equipos y del ambiente, y
que se valide la asepsia y la reestructura del espacio fisico, para que se obedezcan las Resoluciones RDC 50/02 y 220/04.

Palabras clave: Agentes Antineopldsicos; Contaminacién de Medicamentos; Buenas Précticas de Manipulacion;
Staphylococcus; Bacillus; Klebsiella.
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