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The aim of this study was to evaluate the inactivation performance of hydrogen peroxide to the yel-
low fever virus 17DD vaccine strain, used for the production of attenuated yellow fever vaccine, in two
matrixes: formulated yellow fever vaccine (FYV) and yellow fever viral suspension - active pharmaceuti-
cal ingredient (API). The samples were dried on stainless steel and exposed to hydrogen peroxide liquid
(HPL) at concentrations of 30, 10, 3 and 1% for 20 and 60 min; and to hydrogen peroxide vapour (HPV)
in an isolator. The exposure to HPL 30 and 10 %, within 20 min, reduced the virus titre at least 3.85 logio
PFU/mL (74.8 %). During 60 min of exposure, the HPL 30, 10 and 3% reduced the virus titre by at least 3.18
logio PFU/mL (62.6 %). HPV exposure resulted in complete virus inactivation in FYV (> 4.42 log;o PFU/mL
reduction) and for API samples 3.17 logio PFU/mL (64.3 %) reduction. Hydrogen peroxide showed to be
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Vaccine
Yellow fever virus a promising disinfectant for elimination of yellow fever virus. However, the optimum concentration and
Disinfection contact time will vary depending on the type of application, and as such may complement individual risk

Virus inactivation

assessments of biological production processes.
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1. Introduction

The Immunobiological Technology Institute /| Oswaldo Cruz
Foundation (Bio-Manguinhos/Fiocruz) located in Brazil is interna-
tionally recognized as a manufacturer of the yellow fever vaccine
(YFV) [1,2]. The attenuated YFV is prepared from the seed lot of
yellow fever virus 17DD vaccine strain grown in chicken embryos,
according to the standards established by the World Health Orga-
nization (WHO) [1,3]. Bio-Manguinhos/Fiocruz produce vaccines to
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supply the Immunization Program of Brazilian Ministry of Health
and also to World Health System. In 2019, the Institute produced
27,779,000 doses of YFV and 743,700 doses were exported: 1300
to Antigua, Curacao and Cayman Islands, through Pan American
Health Organization, 692,400 to the Democratic Republic of Congo,
through United Nations International Children’s Emergency Fund,
and 50,000 doses to India by WHO [2].

The production of sterile biological products, as YFV, is a
complex process that requires the implementation of Good Man-
ufacturing Practices (GMP). GMP is the aspect of quality assurance
that ensures that medicinal products are consistently produced
and controlled based on appropriate quality standards for intended
use and as required by the product specification (WHO, 2016).
Cleaning validation plays an important role in reducing the
possibility of product contamination from biopharmaceutical man-
ufacturing equipment/system. It demonstrates that the cleaning
process adequately and consistently removes product residues,
process residues and environmental contaminants from the equip-
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Fig. 1. Schematic diagram of sample spiking in the stainless steel surface of a Class Il A1 biosafety cabinet. Samples locations are indicated by letters: A and G with water for
injection (negative control); and B, C, D, E, F, H, [, ], K, and L with formulated yellow fever vaccine. (For interpretation of the references to colour in the Figure, the reader is

referred to the web version of this article).

ment/system, so that this equipment/system can be safely used for
the manufacture of defined subsequent products [4].

Viral contaminations in cell culture-based biotech manufactur-
ing can result in substantial plant downtimes, financial losses, and
also in delay in delivery of life-saving drugs or vaccines to patients
[5]. For an effective risk mitigation strategy precautionary mea-
sures including disinfection treatments for process equipment and
facility surfaces should be implemented and validated [4,6]. The
capability of disinfectants to inactivate viruses is critical for any bio-
logical manufacturing and should be assessed from risk mitigation
to (re)establishing post-virus-reduction status of manufacturing
areas [5]. However, knowledge about the activity of disinfectants
against viruses is still limited, particularly with respect to dif-
ferences in efficacy between application to surfaces, suspensions,
and even in the air [7]. The information on virucidal efficacy
of disinfectants does typically not cover all target viruses rele-
vant for the biologicals industry, as such as e.g. the yellow fever
virus.

The use of disc-based carrier assays for standardized virus disin-
fection studies is well established for public health purposes [8-10].
However, such systems have not been widely used to investigate
the virucidal efficacy of disinfection procedures in biotechnological
process equipment and facility surfaces [7,11].

Hydrogen peroxide is considered an environmentally safe
chemical according to United States of America Food and Drug
Administration due to its decomposition to oxygen and water [12].
Hydrogen peroxide vapour (HPV)is a 'no-touch’ automated residue
free decontamination technology that removes the reliance on the
operator to ensure distribution, contact time and process repeata-
bility and can be scaled up to decontaminate rooms, laboratories,
and entire buildings [9,11,13,14]. It has been used for environmen-
tal decontamination in various types industries, including foods
and pharmaceuticals industries [7,11,13,15].

Studies conducted to evaluate the efficacy of HPV technology to
eliminate pathogenic human viruses from hospital environmental
presented promising results [8-10,15]. However, few studies were
realized concerning the application of HPV for virus disinfection in
cleaning validation programs in biotechnology industries [7]. When
dried on inanimate surfaces, viruses are less susceptible to disin-
fection than when hydrated in suspension [11,16]. The resistance
to disinfection is also increased in the presence of soil, blood, stool
and others organic matrixes [9,16,17]. So, it is important to study
the hydrogen peroxide virucidal effect in the presence of interfer-
ing substances that can be present in the different intermediary
products that are manufactured during the biological production
chain [9,10].

The aim of this study was to evaluate the performance of
hydrogen peroxide to inactivate the yellow fever virus 17DD
vaccine strain, used in the production of attenuated YFV in

Bio-Manguinhos/Fiocruz, in different matrixes for application in
cleaning validation in the facilities.

2. Materials and methods
2.1. Viruses samples and reference material

Yellow fever virus 17DD vaccine strain was used for inoculation
experiments. The vaccine strain was tested in two presentations:
1) formulated yellow fever vaccine (FYV) titre 6.25 log;o PFU/mL;
2) yellow fever viral suspension - active pharmaceutical ingredi-
ent (API) titre 6.94 logio PFU/mL. One batch of YFV produced by
Bio-Manguinhos/Fiocruz (lot: VRO04- BIOMANGUINHOS) titre 5.21
log1o PFU/mL was used as reference material (RM) to validate the
assays. This RM possess inferior (5.05 log;o PFU/mL) and superior
(5.36 log1o PFU/mL) confidentiality limits previously established in
a control chart. Water for injection (WFI, Bio-Manguinhos/Fiocruz,
Rio de Janeiro, Brazil) was used as negative control.

2.2. Yellow fever virus titration

The titres of FYV, API, RM and samples were determined using
the plaque forming unit (PFU) methodology described in Brazilian
Pharmacopeia [18].

Undiluted and serial 4-fold dilutions of the samples were pre-
pared in 199 medium supplemented with 0.1 % of gentamicin
sulphate, 0.1 % of B amphotericin, 5.0 % of sodium bicarbonate,
and 5.0 % of inactivated fetal bovine serum (Gibco, New York, USA)
followed by inoculation of 0.2 mL into 6-well plates (using three
wells/dilution) containing 3.0 mL of Vero ATCC® CCL-81TM (3 x
10° cells/mL) and incubated at 37 + 1 °C with 5 + 2% CO, for 1
h. For negative control, WFI used in the assays and 199 medium
were inoculated into six wells. The inoculum was aspirated and
3.0 mL of carboxymethylcellulose medium 3 % (Sigma, Sdo Paulo,
Brazil) were added and the plates were incubated at 37 + 1 °C with
5 4 2% CO, for 7 days. The plates were fixed with 2% formalde-
hyde solution (Merck, Darmstadt, Germany) and stained with 1%
violet crystal (Merck, Darmstadt, Germany). The inoculum contain-
ing PFU ranging from 10 to 60 were selected and counted with a
negatoscope (Konex, Sdo Paulo, Brazil) and the log;o PFU/mL was
calculated using the following equation:

Titre(log10PFU/mL) = log;o(averageofthePFUcountintothethree

wellsx5xdilutionfactor)

When no PFU was found in any dilution, the assay detection
limit was calculated considering 1 PFU in the total volume of lowest
dilution inoculated that presented intact monolayer.
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2.3. Inoculation experiments

2.3.1. Hydrogen peroxide liquid exposure

HPL disinfection was performed in one experiment using FYV
as inoculum and exposure time of 20 and 60 min were tested. A
stainless steel surface of a Class Il A1 biosafety cabinet (Kendro
Laboratory Products, Type HS18, Herasafe™, Hanau, Germany) was
divided into 12 areas (A-L) of 25 cm? and were spiked with 0.5 mL
of: A and G with WFI (negative control); and B, C, D, E,F, H, [, ], K,
and L with FYV (Fig. 1). The FYV used for inoculation was kept inside
the biosafety cabinet under the same conditions. After 180 min, the
inoculums were completely dry and the residue of areas A, B, G
and H were collected with sterilized swabs (TX715 Alpha Sampling
Swab Texwipe, Kernersville, USA) and added to tubes containing
5.0 mL of 199 medium supplemented as previously described (item
2.2). The solutions were sterilized using 0.22 pm filter (Merck Mil-
lipore, Carrigtwohill, Ireland), transferred to new tubes, vortexed
for 10 s and titrated as previously described (item 2.2). Two vials of
RM were analyzed in this moment to validate the assay.

Hydrogen peroxide 30 % (Merck, Darmstadt, Germany) and dilu-
tions in WFI in the concentrations of 10, 3 and 1% were prepared
in the moment of the assay. One mL of each specific hydrogen per-
oxide solutions was added as following: area C and I - 30 %, area D
and J - 10 %, area E and K - 3%, and area F and L- 1% (Fig. 1). After
20 min the residue of the areas C, D, E and F were collected and
titrated to determine the amount of viable viruses. Two vials of RM
were analyzed in this moment to validate the assay. After 60 min
the residue of the areas I, J, K and L were collected and titrated to
determine the amount of viable viruses. Two vials of RM were ana-
lyzed in this moment to validate the assay. The log;y PFU/mL virus
reduction was calculated by comparing the titres of the exposed
samples with each HPL solution and the unexposed samples.

2.3.2. Hydrogen peroxide vapour exposure

HPV disinfection was performed using duplicate samples of
formulated YFV and APL The stainless steel surface AISI316 of a
3-gloves isolator (La Calhéne, Vélizy Cedex, France) was divided
into 12 areas (A-L) of 25 cm? and were added 0.5 mL of: A, D, G and
J with WFI (negative control); B, C, E and F with FYV; and H, I, Kand
L with API (Fig. 2). The isolator was kept in circulation mode (simi-
lar as a biosafety cabinet) and the FYV and API used for inoculation
were kept inside the isolator under the same conditions. After 3 h,
the inoculums were completely dry and the residue of areas A, B, C,
G, H and I were collected and titrated (item 2.2). The FYV and API
used for inoculation were withdraw of the isolator and one aliquot
of each was taken and titrated (item 2.2). The vials were kept closed
in room temperature, but outside the isolator, for further analysis.
Two vials of RM were analyzed in this moment to validate the assay.

One biological indicator with population >108 Geobacillus
stearothermophilus spores (Bioquell, Andover, UK) was positioned
in the center of the isolator and used to validate the HPV decon-
tamination cycle as standard. A Clarus C HPV generator (Bioquell,
Andover, UK) was used to produce HPV from 30 % () HPL. A val-
idated cycle previously established was used: gassing injection of
2.5 g/min for 20 min, followed by gassing dwell of 0.5 g/min for 30
min, achieving 482.4 ppm; aeration time of 5 h. Disinfection was
performed with relative humidity of 63.2-63.8% and room temper-
ature was ranged from 18.2 to 20.3 °C.

After the decontamination cycle (~11 h), the residue of the areas
D, E,F, J,Kand L were collected and titrated (item 2.2). The FYV and
API used for inoculation and kept in room temperature outside the
isolator were also titrated (item 2.2). Two vials of RM were analyzed
in this moment to validate the assay. Control and HPV-exposed bio-
logical indicator were grown in 20 mL Trytipcase Soy Broth (Merck,
Darmstadt, Germany) at 60 °C and examined for turbidity over 7
days.
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The difference in log;o PFU/mL between the FYV and API after
three and 11 h was calculated and the value was discounted in
the titre of the respectively unexposed sample. The percentage of
reduction in log;o PFU/mL was calculated by comparing the titre of
the unexposed with the HPV exposed samples, using the following
equation:

%ofviralreduction(log;oPFU/mL) = 100-[(averageofHPVexposed
samplesx100)/(averageofunexposedsamples-difference

betweenthesampleafter3and11hinroomtemperature)]

3. Results
3.1. Hydrogen peroxide liquid exposure

The results of virus inactivation using HPL are summarize in
Table 1. It was not possible to calculate the titre of the samples
exposed to HPL 30 and 10 % for 20 min and 30, 10 and 3% for 60 min
due to the death of the monolayer, probably associated to the pres-
ence of hydrogen peroxide residues in the samples. No cytopathic
effect or PFU were observed in the negative controls and the RMs
presented satisfactory results according to the control chart.

The FYV used for inoculation after 180 min in room temperature
contained 5.95 logqo PFU/0.5 mL, indicating that the loss of viruses
because of drying was very low (0.80 logqo PFU). The exposure to
HPL 30 % and 10 %, within 20 min, reduced the virus titre at least
3.85 logyg PFU [ mL (74.8 %). This value is probably higher, since it
was not possible to observe the plaques on the lower dilution due
to the monolayer death. Exposure to VPL 3% for 20 min led to a
reduction of 2.02 logo PFU / mL (39.2 %) of the viral titre. During 60
min of exposure, the HPL 30 %, 10 % and 3% reduced the virus titre
by at least 3.18 log1g PFU/mL (62.6 %) but this value is also probably
higher. The exposure to HPL 1% for 20 and 60 min led to decrease
0f 0.90 log1o PFU/mL (17.5 %) and 0.93 log1o PFU/mL (18.3 %) in the
viral titre respectively.

3.2. Hydrogen peroxide vapour exposure

The results of virus inactivation using HPV inside the isola-
tor are summarize in Table 2. No cytopathic effect or PFU were
observed in the negative controls and the RMs presented satisfac-
tory results according to the control chart. The biological indicator
(G. stearothermophilus) exposed to HPV was inactivated, while the
non-exposed used as control had visible growth following the 7
days of incubation.

No significant difference was observed in the FYV samples in
room temperature between 3 and 11 h, and no adjustment was
necessary to be applied. It was not possible to use the dilution 10°
to calculate the titre of the FYV samples exposed to HPV due to
the death of the monolayer, probably associated to the presence of
hydrogen peroxide residues in the samples. Excluding this dilution,
HPV exposure resulted in complete inactivation of yellow fever
virus 17DD vaccine strain present in FYV presenting a reduction
> 4.42 log1o PFU/mL. For API samples, the difference between 3 h
(6.94 log1p PFU/mL) and 11 h (6.75 logo PFU/mL) was 019 logyg
PFU/mL and an adjustment in the titre of the unexposed API sam-
ples was applied, resulting in virucidal effect presenting 3.17 logyg
PFU/mL (64.3 %) against yellow fever virus in AP

4. Discussion

The use of solutions of hydrogen peroxide for surface disinfec-
tion in biotechnology industries is common [7,15]. In the present
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Fig. 2. Schematic diagram of sample spiking in the stainless steel AISI316 surface of 3-gloves isolator (La Calhéne, Vélizy Cedex, France). Samples locations are indicated by
letters: A, D, G and ] with water for injection (negative control); B, C, E and F with formulated yellow fever vaccine; and H, I, K and L with active pharmaceutical ingredient.
Gray square indicate with number 1 was the position of Geobacillus stearothermophilus biological indicator (Bioquell, Andover, UK). (For interpretation of the references to

colour in the Figure, the reader is referred to the web version of this article).

Table 1
Virucidal efficacy of exposure for 20 and 60 min of 30, 10, 3 and 1% hydrogen peroxide liquid solution against yellow fever virus 17DD vaccine strain dried in stainless steel
surface.
Time of Dilution / n. * of PFU Titre (log1o
HPL
exposure PFU/mL)
10° 1:4 1:16 1:64 1:256 1:1,024 1:4,096 1:16,834
NE >60 >60 >60 >60 >60 23-30-29 0 0 5.15
30% * * * * * 0 NR NR >2.63
20 min 10% * * * * 0 0 NR NR >2.03
3% * * 17-15-19 0 0 0 NR NR 3.13
1% * * >60 51-53-57 15-15-13 0 NR NR 4.25
NE >60 >60 >60 >60 >60 25-26-20 0 0 5.08
30% * * * * * 0 NR NR >2.63
60 min 10% * * * * 0 0 NR NR >2.03
3% * * * 0 0 0 NR NR >4.36
1% * * >60 45-44-42 10-12-12 0 NR NR 4.15

HPL - Hydrogen peroxide liquid; PFU - Plaque-forming unit; NE - Not exposed; * - The plaques could not be counted due to the monolayer death; NR - Not realized; NC -

Not calculated.

Table 2
Virucidal efficacy of exposure to hydrogen peroxide vapour against yellow fever virus 17DD vaccine strain dried in stainless steel surface.
Samples Dilution / n. ¢ of PFU Titre (log1o
PFU/mL)
10° 1:4 1:16 1:64 1:256 1:1,024 1:4,096 1:16,384 1:65,536 1:262,144
Without exposure to hydrogen peroxide vapour
FYV sample 1 NR NR >60 >60 >60 32-31-31 <10 <10 NR NR 5.21
FYV Sample 2 NR NR >60 >60 >60 36-32-33 <10 <10 NR NR 524
API Sample 1 NR NR NR NR >60 24-20-20 <10 <10 <10 <10 5.04
API Sample 2 NR NR NR NR >60 28-29-34 <10 <10 <10 <10 5.19
After exposure to hydrogen peroxide vapour
FYV sample 1 * 0 0 0 0 0 0 0 NR NR <0.82
FYV Sample 2 * 0 0 0 0 0 0 0 NR NR <0.82
API Sample 1 2-2-2 4-5-4 0 0 0 0 0 0 0 0 1.94
API Sample 2 3-3-1 4-6-7 0 0 0 0 0 0 0 0 2.05

PFU - Plaque-forming unit; FYV - formulated yellow fever vaccine; NR - Not realized; API - active pharmaceutical ingredient (yellow fever viral suspension) - * - The plaques

could not be counted due to the monolayer death.

study, the efficacy of four concentrations of HPL ranging from 1 to
30 % to eliminate yellow fever virus 17DD vaccine strain in con-
tact times of 20 and 60 min was evaluated. Even thought it was not
possible to determine the titre in higher concentrations of HPL due
to presence of hydrogen peroxide residues that interfering with
the titration assay, it was observed that 20 min of exposure at low
concentrations (1 and 3 %) was not sufficient to the complete inac-
tivation of the viruses. But using 60 min of contact time, HPL at
concentrations >3 % seems to be sufficient to complete inactivation
of the viruses dried in the stainless steel surface (Table 1).

Other studies evaluated the virucidal performance of HPL but
using different viruses and matrixes, and varying the HPL concen-
trations, contact time, and viruses inoculums, which difficult the
comparison of results. Rutala et al. [19] observed that 3% hydrogen
peroxide did not demonstrate atleast a 3 log;g reductionin titrers of
adenovirus with 5 min contact time. Kindermann et al. [7] reported
that treatment with the 0.80 % hydrogen peroxide and 0.06 % per-
oxyacetic acid led to complete inactivation of bovine viral diarrhea
virus, minute virus of mice and enteric respiratory orphan virus
type III in suspension and in stainless steel metal disc. According
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to Kindermann et al. [7], the use of hydrogen peroxide based dis-
infectants seem to be an attractive choice for wipe-down different
types of surfaces as part of a preventive risk mitigation concept.
The results obtained in the present study indicate that HPL seems
to be an alternative for yellow fever virus disinfection in surfaces.
However, to assure effectiveness sufficiently, long and continuous
wetting of the respective surfaces may be required.

The isolator is commonly used for evaluation of HPV efficacy on
viruses’ elimination [9,14]. In the preset study, a validate cycle using
HPV was used to disinfect yellow fever virus in different matrices.
Geobacillus stearothermophilus spores (6 log) was used as control
since it is used to validate HPV based medical device steriliza-
tion equipment and aseptic processing environments, where drugs
intended to be directly introduced into a patient are manufactured
[20].

Unfortunately, it was not possible to evaluate the PFU in the dilu-
tion 10° in FYV samples due to the death of the monolayer (Table 2).
Moreover, uncommon results were found in API samples exposed
to VPH, because more PFU were found in the dilution 1:4 than 10°,
which is in disagreement with logic of the titration assay since the
number of PFU must be consistent with the inoculated dilutions
(Table 2). This result may be associated with the fact that in dilution
10°, the concentration of residual hydrogen peroxide was higher
and may have affected the monolayer (similar to observed in the
FYV) in a way that inhibited viral infection/replication, and conse-
quently the formation of a greater number of PFU, but not in a way to
kill the monolayer. Thus, using the 1:4 dilution to perform the titre
calculation of API samples exposed to HPV, the reduction was 3.17
log1o PFU/mL (64.3 %). This reduction percentage was lower when
compared to the FYV, and may be associated with the differences
between the composition of the API and FYV.

Strategies to remove residual hydrogen peroxide have already
been described, as the addition of catalase in the culture medium
[6] or including an 1 h aeration step to wait the conversion of the
hydrogen peroxide into water and oxygen [9]. However, the effect
of adding these steps in viral titre must evaluated before the imple-
mentation. Inferring that the death of the monolayer would not
have occurred in 10° dilution of FYV samples exposed to HPV, prob-
ably no PFU would be found and the viral titre reduction would
be > 5.01 logyp PFU/mL (> 96.0 %). These results suggest that the
HPV decontamination process performed seems to be effective to
inactivate yellow fever virus 17DD vaccine strain in FYV. Accord-
ing to NF T72-281:2014 standard for surface disinfection processes
by air, a >4-log reduction is recommend for viruses decontamina-
tion [21].In the present study, the exposure to HPV was sufficient to
reach this target for YFV but not for API. However, some researchers
reported that standard test methods based on the application of a
liquid disinfectant to a surface or to a suspension are not suitable
for determining the efficacy of automated airborne disinfection sys-
tems [22]. According to Ali et al. [23], when evaluating hydrogen
peroxide decontamination systems, organisms of local concern and
relevant matrixes challenges should be used to show in-use effi-
cacy. With increasing use of automated whole-room disinfection
devices, novel testing standard needs to be designed with rele-
vant reduction targets to facilitate the comparison between studies
[23].

Hydrogen peroxide acts against viruses by forming HO. free radi-
cals whichreact with thiol groups in proteins and nucleic acids, thus
inhibiting the infection replication process [24]. So, if the matrix
that the viruses are present possess organic matter, the hydrogen
peroxide reacts and reduces its efficacy [17]. In the present study,
yellow fever virus 17DD vaccine strain presented in APl showed
greater resistance to HPV exposure compared to FYV. API contains
a great amount of organic matter, since it is prepared with chicken
embryos [1,3]. During the preparation of the FYV, the API is used
as one of the inputs and it is diluted approximately 10 times. This
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can explain the virucidal effect reduction of HPV due to the interac-
tion with API organic components. Another point is that catalase is
present in the peroxisome organelle in chicken embryos cells [25]
and, during YFV manufacturing, the infected embryos are macer-
ated and catalase is released in bulk [1]. The higher concentration of
catalase in API probably cause greater degradation of hydrogen per-
oxide and, consequently, decreased the virucidal effectiveness of
HPV. Pottage etal.[17] reported that HPV was effective against MS2
bacteriophage, but extended decontamination time was necessary
when house blood was added in the matrix due to the presence
of catalase. As the HPV decontamination process performed in the
present study was not sufficient to completely eliminate the viruses
in the API, more studies are necessary, as extending the HPV contact
time of the cycle and/or add a pre-cleaning step to remove organic
matter in the APL

The virucidal performance of HPV using others viruses in differ-
ent matrixes/surfaces has been already described but none using
yellow fever virus. Otter and Budde-Niekiel [13] demonstrated
that the ability of HPV to achieve >6 logig reduction in two lac-
tococcal phages after 50 min of exposure in a flexible film isolator.
Berrie et al. [8] observed an >8 logy reduction of adenovirus after
45 min exposed to HPV in a biosafety cabinet. Tuladhar et al. [9]
reported that HPV disinfection on stainless steel, gauze carriers,
and framing panel carriers resulted in complete inactivation of
poliovirus, rotavirus, adenovirus and murine norovirus (>4 log1g);
and influenza A virus (>2 logyo). HPV was virucidal (>3,8 log) against
feline calicivirus, adenovirus, transmissible gastroenteritis coro-
navirus of pigs, swine influenza virus, and avian influenza virus
[10]. HPV was effective in complete inactivation of bovine viral
diarrhea virus (>5.2 logyg), minute virus of mice (>5.0 logyg), and
Hepatitis A virus (>4.0 logyo) after at least 55 min of exposure
[7].

Vannier and Chewins [11] reported that HPV reduced 7.5 logqg
of foot and mouth disease virus strain obtained from a vaccine man-
ufacturing facility but the viral inactivation was not repeatable, and
associated this variation due to occlusion of viral particles by the
dried support matrix. These results were similar to the obtained in
the present study, and confirm the recommendations of HPV tech-
nology manufacturers that surfaces should be cleaned, and visibly
clean, prior to decontamination [10,11]. In the production areas
of biological industries, this step is generally realized with water
and neutral detergents ([4] [26];). So, it is recommend the inclu-
sion of a cleaning step in the YFV manufacturing areas before HPV
decontamination in order to reduce organic matter and increase
the virucidal effect of HPV.

In conclusion, hydrogen peroxide showed to be a promising
disinfectant for elimination of yellow fever viruses. Our study is
limited by its small scale, and future decontamination studies scal-
ing up the process to the YFV manufacturing areas are necessary to
evaluate if the HPV will have the same or better virucidal effectivity
for yellow fever viruses elimination in the different intermediary
and final products that are manufactured in each specific area.
Hydrogen peroxide showed to be a promising disinfectant for elim-
ination of yellow fever virus 17DD vaccine strain. However, the
optimum concentration and contact time will vary depending on
the type of application, and as such may complement individual
risk assessments of biological production processes.
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