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Abstract

Background: Continuous long-term treatment is recommended to reduce the hepatitis B virus (HBV) viral load.
However, as a consequence, resistance mutations can emerge and be transmitted to other individuals. The
polymerase (POL) gene overlaps the surface (S) gene. Thus, during treatment, mutations in the POL gene may lead
to changes in hepatitis B surface antigen (HBsAg). The purpose of this study was to evaluate the frequency of
lamivudine and vaccine escape mutations in HBsAg-positive blood donors from the city of Santos and in untreated
HBV mono-infected patients from the city of São Paulo, Brazil.

Methods: HBV DNA was extracted from 80 serum samples, of which 61 were from volunteer blood donors and 19
were from untreated HBV patients. A fragment of the POL/S genes containing 593 base pairs was amplified using
nested PCR. Thirty four were PCR-positive and sequencing was performed using an ABI Prism 3130 Genetic
Analyzer. Alignments and mutation mapping were performed using BioEdit software.

Results: HBV DNA from 21 blood donors and 13 untreated patient samples were characterized using nucleotide
sequencing PCR products from the POL/S genes. We were able to detect one sample with the resistance mutation to
lamivudine rtM204V + rtL180M (2.94%), which was found in a volunteer blood donor that has never used antiviral drugs.
The other samples showed only compensatory mutations, such as rtL80F (5.88%), rtL80V (2.94%), rtL82V + rtV207L
(2.94%), rtT128P (5.88%), rtT128N/S (2.94%) and rtS219A (5.88%). We found modifications in the S gene in 14 of the 34
samples (41.16%). The mutations detected were as follows: sM133L + sI195T (2.94%), sI195M (2.94%), sP120T (2.94%),
sY100S/F (2.94%), sY100C (17.64%), sI/T126P + sQ129P (2.94%), sM198I + sF183C (2.94%) and sS210R (5.88%).

Conclusions: Our results suggest the transmission of lamivudine-resistant forms. Thus, the evaluation of HBV-infected
subjects for lamivudine resistance would improve treatment regime. Moreover, the mutations in the S gene may impair
HBsAg antigenicity and contribute to HBsAg failure detection and vaccine escape.
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Figure 1 Phylogenetic relationship generated from 34 HBV
sequences. A bootstrap analysis with 1,000 replications was
performed to confirm the reliability of the tree. The approximate
likelihood ratio test (aLRT) values≥ 70% are indicated at the nodes.
Nucleotide sequences were compared with reference sequences,
which are indicated by accession number and alphabetical letter.
Samples from the Blood Center of Santos are indicated with squares,
and those from São Paulo are indicated with triangles.
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Background
Transmitted drug resistance (TDR) may impair or dimin-
ish a disease response to treatment by transmitting direct
or cross-resistance among drugs. Resistance to lamivudine
(LAM) increases the potential for cross-resistance to other
nucleos(t)ide analogs (emtricitabine, telbivudine and cle-
vudine and partial cross-resistance to entecavir), limiting
treatment options [1]. There are few studies regarding the
incidence of transmitted resistance to LAM. Moreover,
the results differ among countries worldwide [2-5].
Resistance mutations caused by LAM can lead to changes

in the amino acids in the surface antigen (HBsAg) because
of the overlap between the polymerase (POL) and the sur-
face (S) gene. These changes may compromise the patient’s
response to the infection and to the vaccination [6,7].
Santos is the location of the most important seaport in

Latin America. As such, it receives a large number of
visitors from different countries and presents high levels
of TDR to HIV, but there are no data about transmitted
resistance to HBV [8-10]. The risk of contracting hepa-
titis B from blood transfusions in Brazil is 1 in 30,000
donations, and to our knowledge, no data on the distribu-
tion of HBV genotypes or changes in HBsAg are available
for Santos. When combined with risk behaviors (drug use,
men having sex with men and sex work), these factors
may lead to an increased probability of the migration of
LAM-resistant viruses and vaccine escape variants.
The city of São Paulo is considered the main financial

center of Brazil and has a population from different eth-
nicities, which may influence the levels of resistance mu-
tations and the distribution of HBV genotypes.
The aim of this study was to evaluate the frequency

of lamivudine and vaccine escape mutations in HBsAg-
positive blood donors from the city of Santos and in
untreated HBV mono-infected patients from the city of
São Paulo, Brazil.

Results
Genotypes
Of the 34 samples analyzed, 64.7% had Genotype A,
32.35% had Genotype D, and 2.95% had Genotype F.
These results are presented in the phylogenetic tree shown
in Figure 1.

Transmitted drug resistance mutations
Among the 13 subjects from São Paulo, we detected only
the rtS219A + sS210R mutations. All the other modifica-
tions reported in the study were found in the 21 blood
donor subjects from Santos. Modifications within the POL
gene were observed in 9 out of 34 samples (26.47%);
we found only one case with the rtM204V mutation,
which caused complete resistance to LAM, along with
the compensatory mutation rtL180M (2.94%). The other
samples showed only the compensatory mutations rtL80F
(5.88%), rtL80V (2.94%), rtL82V + rtV207L (2.94%), rtT128P
(5.88%), rtT128N/S (2.94%) and rtS219A (5.88%).

S Gene modifications
We found modifications in the S gene in 14 of the 34
samples (41.16%). The mutations detected were as follows:
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sM133L + sI195T (2.94%), sI195M (2.94%), sP120T (2.94%),
sY100S/F (2.94%), sY100C (17.64%), sI/T126P + sQ129P
(2.94%), sM198I + sF183C (2.94%) and sS210R (5.88%).

Analyzing both genes together
When the genes were analyzed together, 9 of the 34
samples had mutations in both genes, and we found the
following combinations: sM133L + sI195T with rtL80F +
rtT128P, sI195M with rtL180M + rtM204V, sP120T
with rtT128N, sY100F with rtT128S + rtL80V, sY100S
with rtL80F, sY100C + sI/T126P + sQ129P with rtT128P,
sM198I + sF183C with rtL82V + rtV207L and sS210R with
rtS219A (in two samples), as shown in Table 1.

Discussion
The frequencies of the genotypes found in our study are
in agreement with other studies showing Genotype A as
the most frequent, followed by D and F, in southeastern
Brazil [8]. The Genotype F is endemic in Northern Brazil
[14], nevertheless we indentified this genotype in one
sample from Santos.
The genotype distribution found in the study reflects

the historical context of the Brazilian population, which is
composed of Amerindians and immigrants from Africa
and Europe, although the migration of people from north
and northeast Brazil to southeast also occurs [8]. Although
we were not able to correlate the genotypes with the mu-
tations detected, probably because of the small number
samples analyzed, we found the mutation sF183C in an
Table 1 Mutations within the pol and S genes related to antiv

ID Subject Genotype Mutations in combination in
both POL/S genes

Other mu

35 BD D - rtL80F,

39 BD A rtM204V + rtL180M/sI195M

40 BD A rtT128N*/sP120T

55 BD A -

58 BD A -

62 BD D rtS219A*/sS210R*

64 BD A - sI/T126P

65 BD A -

69 BD A rtL8

74 BD A -

75 BD F rtV207L/sM198I

77 BD A -

521 UP A -

1150 UP D rtS219A*/sS210R*

Mutation in bold: Primary mutation related to Lamivudine resistance; Mutations in it
*No in vitro assays; ** Natural polymorphism in the genotype F; ID: Sample identifica
Antigen; POL: Polymerase gene; S: Surface gene; HBIg- Immunoglobulin against Hep
individual infected with genotype F, which corroborates
with other studies that found that this mutation is a nat-
ural polymorphism for genotype F and H [9].
The primary mutation rtM204V reduces susceptibility

to LAM and decreases viral fitness, which is restored by
compensatory mutations [1]. We found the transmitted
mutation rtM204V (2.94%) with the compensatory mu-
tation rtL180M in a blood donor sample. This individual
has never received antiviral treatment; however, we are
not able to inform if this blood donor was vaccinated
against HBV, since this issue is not addressed in the spe-
cific questionnaire used during the donor screening.
Variants harboring both primary and secondary muta-

tions may not substantially reduce their fitness because
the secondary mutations are capable to rescue the fitness
loss caused by the primary mutations [10,14,15]. Then, it is
conceivable that we were able to detect the rtM204V vari-
ant because it was associated with the compensatory muta-
tion at position rt180 (rtL180M), which may recover its
fitness and stability in vivo. In fact, a chimpanzee study
performed by Kamili et al., reported a successful infection
by HBV mutants harboring the mutations rtM204V +
rtL180M, which corroborates our finding that these vari-
ants can be infectious and stable [16].
To our knowledge, no previous studies have evalu-

ated TDR in untreated HBV mono-infected individ-
uals in Brazil. However, among chronically infected and
treated Brazilian individuals, the rate of LAM resistance
(rtM204V + rtL180M) ranges from 16% to 41% [17,18].
iral resistance, immune escape and diagnostic failure

tations in POL and S gene Impact of the S gene mutations

sI195T, sM133L*, rtT128P* sI195T- Diagnostic failure and vaccine/HBIg
therapy escape [11]

- sI195M - Impair anti-HBs binding [7]

- sP120T – Vaccine/HBIg therapy escape [12]

rtL80F, sY100S* -

sY100C* -

- -

, sQ129P, rtT128P*, sY100C* sI/T126P and sQ129P- Diagnostic failure [13]

sY100C* -

0V, rtT128S*, sY100F* -

sY100C* -

sF183C**, rtL82V* sM198I - Reduced antigenicity of HBsAg [7]

sF183C**- Reduced anti-HBs binding [9]

sY100C* -

sY100C* -

- -

alic: Compensatory mutations; Underlined Mutations: Have clinical significance;
tion; BD: Blood Donor; UP: Untreated Patient; HBsAg- Hepatitis B Surface
atitis B Virus.
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Regarding HBV/HIV co-infected and treated individuals,
the mutation rate ranges from 21.42% to 45.45% [19-21].
Mutations in the S gene may lead to diagnostic failure

and vaccine escape because the specific antibodies pro-
duced against HBsAg may not recognize the antigens
produced by the mutated S gene. These mutations were
detected in almost half of the individuals enrolled in our
study, although the role of some of these mutations in
clinical practice is not well understood, as shown in
Table 1. Lai et al. (2012) also found a high level of indi-
viduals infected with HBsAg mutants, from which five
out of eight individuals vaccinated against HBV and
positive for HBV DNA were infected with variants har-
boring S gene mutations. In addition, they found an in-
crease in the detection of HBV serological markers in
adults compared with children and adolescents, suggest-
ing that HBV infection in adults may need new strat-
egies for prevention [22]. sY100C has been reported in
cases of occult hepatitis, however Mello et al. (2011)
found that this mutation did not have any impact for
HBsAg expression and affinity by commercial serologic
assays, which is in agreement with our results that found
this mutation in five HBsAg-positive blood donors [23].
When the POL and S genes were analyzed together, we
found mutations in both genes that can be explained by
their overlapping reading frames in the HBV genome.
Thus, changes at one position may affect the structure
of more than one viral protein. Although we used con-
ventional sequencing technology, among blood donors
and untreated patients, we observed one mutation that
led to loss of susceptibility to LAM as well as some
compensatory mutations capable of restoring viral fit-
ness. Nevertheless, it is worth noting that viral particles
harboring S mutations have a decrease in viral protein
expression and are less infectious when compared with
wild type strains, as observed in in vitro assays [24]. Be-
cause resistance mutations can rapidly decrease follow-
ing the withdrawal of therapy and the absence of drug
selection pressure, it would be interesting to use more
accurate methods, such as next-generation sequencing,
to detect resistance mutations [25].

Conclusions
We observed transmitted resistance mutations in a small
population of HBsAg-positive blood donors and untreated
HBV mono-infected patients. Although we found circula-
tion of POL and S gene mutations, the persistence of these
variants in the absence of therapy is not completely eluci-
dated. Further studies are necessary to clarify the impact of
these mutations for real use in clinics and prevention.

Methods
Eighty samples were collected, of which 61 were from
blood donors and 19 were from HBV untreated patients,
between 2008 and 2009 at Santos Blood Center and be-
tween 2007 and 2011 in São Paulo city, respectively. All
of the patients were mono-infected with HBV (HBsAg
positive) and had not received prior treatment with
nucleos(t)ide analogs. The study was approved by the
Ethics Committees and the Institutional Review Board
of the Federal University of Sao Paulo (#0485/09) and
Lusiada Foundation of Santos (#059/2010). Because all
blood donor data were confidential, we did not have ac-
cess to demographic or risk behavior data for these sub-
jects. Regarding the HBV mono-infected patients, 54%
(7) were female, 46% (6) were male, and the average age
was 41 years.
HBV DNA was extracted from serum using a QIAamp

Blood Mini Kit (Qiagen, Valencia, CA, USA). A 593-bp
DNA fragment encompassing the HBV POL and S genes
was amplified using nested PCR [26]. Positive and negative
controls were included at all stages of PCR. Sequencing
was performed using an ABI Prism 3130 Genetic Analyzer
(Applied Biosystems Inc., Foster City, CA). Alignments
were performed using BioEdit Sequence Alignment v. 7.1.5
software [27] and the reference sequence NC003977.1.
Phylogenetic relationships among the individual sequence
types were determined using the neighbor-joining algo-
rithm of MEGA v.4 [28]. The frequencies of resist-
ance mutations were calculated using Fisher’s exact test
(Minitab v. 16) [29].

Abbreviations
DNA: Deoxyribonucleic acid; HBsAg: Hepatitis B surface antigen;
HBV: Hepatitis B virus; HIV: Human immunodeficiency virus; LAM: Lamivudine;
PCR: Polymerase chain reaction; POL: Polymerase; S: Surface;
TDR: Transmitted drug resistance.

Competing interests
The author’s declare that they have no competing interests.

Authors’ contributions
N. M. – AB, JY, MT, ES, FG. M. C. – AB, JY, MT, ES, FG. L.C. S. – AB, JY, MT, ES,
FG. C. S. – JY. E. P. d. C. – MT. P. R. A. F. – MT. S. C. V. K. – FG. All authors read
and approved the final manuscript.

Acknowledgements
We thank Dr. Rosane Giuliani, Dr. Ana Dorigo, Daniela Funayama Castro,
Henrique dos Reis, Janayna Thainá Rabelato, Rafael Arnold, Rafael Gonçalves
de Azevedo and Lusiada Foundation.

Author details
1Retrovirology Laboratory, Infectious Diseases Division, Federal University of
São Paulo, R. Pedro de Toledo, n. 781, 16° andar, São Paulo, SP Cep
04039-032, Brazil. 2Department of Medicine, Biology Molecular Laboratory,
Lusiada Foundation, Santos, Brazil. 3Ambulatory of Center for Control of
Immune Deficiencies, Federal University of São Paulo, São Paulo, Brazil.

Received: 29 May 2013 Accepted: 26 September 2013
Published: 28 October 2013

References
1. Locarnini S: Primary resistance, multidrug resistance, and cross-resistance

pathways in HBV as a consequence of treatment failure. Hepatol Int 2008,
2:147–151.

2. Alvarado-Esquivel C, de la Ascension C-GM, Conde-Gonzalez CJ,
Juarez-Figueroa L, Ruiz-Maya L, Aguilar-Benavides S, Torres-Valenzuela A,



Mantovani et al. Virology Journal 2013, 10:320 Page 5 of 5
http://www.virologyj.com/content/10/1/320
Sablon E: Genotypic resistance to lamivudine among hepatitis B virus
isolates in Mexico. J Antimicrob Chemother 2006, 57:221–223.

3. Horgan M, Brannigan E, Crowley B, Levis J, Fanning LJ: Hepatitis B
genotype and YMDD profiles in an untreated Irish population. J Clin Virol
2006, 35:203–204.

4. Leon P, Pozo F, Echevarria JM: Detection of hepatitis B virus variants
resistant to lamivudine and famciclovir among randomly selected
chronic carriers from Spain. Enferm Infecc Microbiol Clin 2004, 22:133–137.

5. Tuncbilek S, Kose S, Elaldi A, Akman S: Lamivudine resistance in untreated
chronic hepatitis B patients in Turkey. Turk J Gastroenterol 2008,
19:99–103.

6. Delaney WE, Yang H, Westland CE, Das K, Arnold E, Gibbs CS, Miller MD,
Xiong S: The hepatitis B virus polymerase mutation rtV173L is selected
during lamivudine therapy and enhances viral replication in vitro. J Virol
2003, 77:11833–11841.

7. Torresi J, Earnest-Silveira L, Deliyannis G, Edgtton K, Zhuang H, Locarnini SA,
Fyfe J, Sozzi T, Jackson DC: Reduced antigenicity of the hepatitis B virus
HBsAg protein arising as a consequence of sequence changes in the
overlapping polymerase gene that are selected by lamivudine therapy.
Virology 2002, 293:305–313.

8. Mello FC, Souto FJ, Nabuco LC, Villela-Nogueira CA, Coelho HS, Franz HC,
Saraiva JC, Virgolino HA, Motta-Castro AR, Melo MM, et al: Hepatitis B virus
genotypes circulating in Brazil: molecular characterization of genotype F
isolates. BMC Microbiol 2007, 7:103.

9. Kay A, Zoulim F: Hepatitis B virus genetic variability and evolution.
Virus Res 2007, 127:164–176.

10. Fu L, Cheng YC: Role of additional mutations outside the YMDD
motif of hepatitis B virus polymerase in L(−)SddC (3TC) resistance.
Biochem Pharmacol 1998, 55:1567–1572.

11. Beale MA, Ijaz S, Tedder RS: The genetic backbone modulates the
phenotype of hepatitis B surface antigen mutants. J Gen Virol 2010,
91:68–73.

12. Sheldon J, Soriano V: Hepatitis B virus escape mutants induced by
antiviral therapy. J Antimicrob Chemother 2008, 61:766–768.

13. Yong-Lin Y, Qiang F, Ming-Shun Z, Jie C, Gui-Ming M, Zu-Hu H, Xu-Bing C:
Hepatitis B surface antigen variants in voluntary blood donors in
Nanjing, China. Virol J 2012, 9:82.

14. Ma J, Zhang Y, Chen X, Jin Y, Chen D, Wu Y, Cui J, Wang H, Liu J, Li N, Gao F:
Association of preexisting drug-resistance mutations and treatment failure
in hepatitis B patients. PloS one 2013, 8:e67606.

15. Warner N, Locarnini S, Kuiper M, Bartholomeusz A, Ayres A, Yuen L, Shaw T:
The L80I substitution in the reverse transcriptase domain of the
hepatitis B virus polymerase is associated with lamivudine resistance
and enhanced viral replication in vitro. Antimicrob Agents Chemother 2007,
51:2285–2292.

16. Kamili S, Sozzi V, Thompson G, Campbell K, Walker CM, Locarnini S,
Krawczynski K: Efficacy of hepatitis B vaccine against antiviral drug-resistant
hepatitis B virus mutants in the chimpanzee model. Hepatology 2009,
49:1483–1491.

17. Haddad R, Martinelli Ade L, Uyemura SA, Yokosawa J: Hepatitis B virus
genotyping among chronic hepatitis B patients with resistance to
treatment with lamivudine in the city of Ribeirao Preto, State of Sao
Paulo. Rev Soc Bras Med Trop 2010, 43:224–228.

18. Bottecchia M, Ikuta N, Niel C, Araujo NM OKM, Gomes SA: Lamivudine
resistance and other mutations in the polymerase and surface antigen
genes of hepatitis B virus associated with a fatal hepatic failure case.
J Gastroenterol Hepatol 2008, 23:67–72.

19. Sucupira MV, Mello FC, Santos EA, Niel C, Rolla VC, Arabe J, Gomes SA:
Patterns of hepatitis B virus infection in Brazilian human
immunodeficiency virus infected patients: high prevalence of occult
infection and low frequency of lamivudine resistant mutations. Mem Inst
Oswaldo Cruz 2006, 101:655–660.

20. Silva AC, Spina AM, Lemos MF, Oba IT, Guastini Cde F, Gomes-Gouvea MS,
Pinho JR, Mendes-Correa MC: Hepatitis B genotype G and high frequency
of lamivudine-resistance mutations among human immunodeficiency
virus/hepatitis B virus co-infected patients in Brazil. Mem Inst Oswaldo
Cruz 2010, 105:770–778.

21. Mendes-Correa MC, Pinho JR, Locarnini S, Yuen L, Sitnik R, Santana RA,
Gomes-Gouvea MS, Leite OM, Martins LG, Silva MH, et al: High frequency of
lamivudine resistance mutations in Brazilian patients co-infected with
HIV and hepatitis B. J Med Virol 2010, 82:1481–1488.
22. Lai MW, Lin TY, Tsao KC, Huang CG, Hsiao MJ, Liang KH, Yeh CT: Increased
seroprevalence of HBV DNA with mutations in the s gene among
individuals greater than 18 years old after complete vaccination.
Gastroenterology 2012, 143:400–407.

23. Mello FC, Martel N, Gomes SA, Araujo NM: Expression of hepatitis B virus
surface antigen containing Y100C variant frequently detected in occult
HBV infection. Hepat Res Treat 2011, 2011:695859.

24. Billioud G, Pichoud C, Parent R, Zoulim F: Decreased infectivity of
nucleoside analogs-resistant hepatitis B virus mutants. J Hepatol 2012,
56:1269–1275.

25. Zoulim F, Locarnini S: Hepatitis B virus resistance to nucleos(t)ide
analogues. Gastroenterology 2009, 137:1593–1608. e1591-1592.

26. Da Silva LC, da Fonseca LE, Carrilho FJ, Alves VA, Sitnik R, Pinho JR:
Predictive factors for response to lamivudine in chronic hepatitis B.
Rev Inst Med Trop Sao Paulo 2000, 42:189–196.

27. Hall TA: BioEdit: a user-friendly biological sequence alignment editor and
analysis program for Windows 95/98/NT1999. Nucleic Acids Symp 1999,
41:95–98.

28. Tamura K, Dudley J, Nei M, Kumar S: MEGA4: molecular evolutionary
genetics analysis (MEGA) software version 4.0. Mol Biol Evol 2007,
24:1596–1599.

29. Ryan B: Minitab handbook: updated for release 16. 6th edition. Boston, MA:
Cengage; 2012.

doi:10.1186/1743-422X-10-320
Cite this article as: Mantovani et al.: Detection of lamivudine-resistant
variants and mutations related to reduced antigenicity of HBsAg in
individuals from the cities of Santos and São Paulo, Brazil. Virology
Journal 2013 10:320.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Results
	Genotypes
	Transmitted drug resistance mutations
	S Gene modifications
	Analyzing both genes together

	Discussion
	Conclusions
	Methods
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


