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➢ If this confirmatory study achieves a positivity of 100%, then a lower concentration 
needs to be tested (with 20 replicates) until <100% positivity is obtained. 

➢ The LoD shall be determined for each claimed specimen type. 
➢ In absence of an international standard the LoD shall be reported in copies/ml. 

 
List/describe the following in this section: 
➢ Titres and strains of the SARS-CoV-2 stocks used for the LoD study and describe how 

the organism stocks were prepared and how the titres were determined. 
➢  The dilution factor and number of serial dilutions of the characterized SARS-CoV-2 

that were tested to determine the LoD for each primer and probe set. 
➢ The nucleic acid extraction/purification method and elution volume. 
➢ The PCR instrument and cycling conditions.   

 

6.3.1.6 Analytical specificity 
a) Interfering substances 

For assays that use conventional PCR and/or well-established extraction methods prior to 
testing (e.g., Boom method and column-based extraction methods) interference studies are 
not necessarily required for respiratory specimens or plasma.  
 
For extraction procedures that are new or for nucleic acid-based technologies that are 
different from conventional PCR (e.g., various isothermal methods), testing of potential 
interferents is required and is depending on the specimen type. The following information is 
required: 
➢ Endogenous and exogenous substances shall be spiked into the appropriate negative 

matrix at the highest levels found in individuals 
➢ Each endogenous and exogenous specimen shall be tested unspiked and spiked with 

the analyte at an appropriate low concentration (e.g. approx. 2 – 3 x LoD) 
➢ Samples should be tested in triplicate and only one claimed specimen type/matrix is 

required to be included in these studies, unless significant differences in LoD are 
observed between specimen matrices 

➢ The tables below indicate the potentially interfering substances that may be found in 
blood and respiratory specimens.   

➢ If non-blood or non-respiratory clinical specimen types are claimed for diagnostic use 
with your device, e.g., stool specimens, etc., additional substances may need to be 
considered. 

 
See the table below for evaluation of interfering substances for the ability to generate false 
positive and negative results: 
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In silico analysis 
➢ The analysis should include multiple representative strains from GenBank sequence 

database7 for each organism.  
➢ If in silico analysis reveals other potential cross-reactants (i.e., ≥80% homology 

between one of the primers or the probe to any of the sequences of listed potential 
cross reactants), carefully review the alignments and determine based on the 
positions of the homologous stretches and mismatches if additional cross-reactivity 
and/or interference (please refer to microbial interference studies) wet testing will 
be required to rule out cross-reactivity or interference of that organism that may 
affect the performance of your device.  

➢ In these circumstances if wet-testing is omitted you should include an explanation as 
to why in silico generated data is not clinically relevant (irrelevant isolate, 
location/extent of match within primer/probe, etc.), or why the performance of your 
test would not be impacted. 

➢ If non-blood or non-respiratory clinical specimen types are claimed for diagnostic use 
with your device, e.g., stool specimens, etc., additional organisms may need to be 
considered. 

 
c) Microbial Interference Studies:  

If in silico analysis reveals ≥ 80% homology between the cross-reacting microorganisms and 
the test primers/probe(s), the following studies should be considered:  

1) a microbial interference study with SARS-CoV-2 and the microorganisms that the test 
primers/ probe(s) have homology to,  

2) as an alternative to the microbial interference study, you may provide justification as 
to why (e.g., amount of primer(s)/ probe(s) included in your master mix) the 
performance of your test would not be impacted by the presence of a causative 
agent of a clinically significant co-infection, or  

3) explain why the in silico results are clinically irrelevant.   
 
➢ In the case of the microbial interference study, interference should be evaluated 

using samples spiked at a low (2 – 3x LoD) SARS-CoV-2 concentration and a high 
interferent level (either microorganisms or nucleic acids purified from them), to 
represent the worst-case scenario, with a minimum of 3 replicates.   

➢ If interference is observed at the level tested, an additional titration study should be 
performed to determine the highest microorganism interferent level the SARS-CoV-2 
test can tolerate. 

6.3.1.7 Validation of the primer and probe choice 
Evidence supporting the choice of primers and probes sequences shall be provided and shall 
include: 
➢ The target gene(s) and sequence for primers and probes  

                                                      
 
 
7 https://www.ncbi.nlm.nih.gov/genbank/ 
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Table 1: Potential interfering substances 

Potential Interfering Substance 
Respiratory Specimens 
Mucin: bovine submaxillary gland, type I-S 
Blood (human) 
Nasal sprays or drops 
Nasal corticosteroids 
Nasal gel 
Throat lozenges, oral anaesthetic and analgesic 
Anti-viral drugs 
Antibiotic, nasal ointment 
Antibacterial, systemic 
Blood Specimens 
Haemoglobin 
Bilirubin Conjugated 
Bilirubin Unconjugated 
Serum proteins (e.g., Human Serum Albumin) 
Triglycerides 
Cholesterol 
Human Anti-mouse Antibody (HAMA) 
Rheumatoid Factor  

 
 

b) Cross reactivity 
WHO requires testing of near-neighbour species/strains and of organisms whose infection 
produces symptoms similar to those observed at the onset of COVID-19.   
 
➢ Organisms/strains which are likely to be observed in the currently affected areas 

should be tested since these organisms/strains will be an important part of the 
differential diagnosis of SARS-CoV-2 infection (see table 2 below) 

 
Laboratory testing (wet-testing) 
➢ The evaluation should reflect test specimens prepared at the highest clinically 

relevant level of organism. Test specimens can be prepared by spiking cultured 
isolates into negative clinical matrix.  

➢ Samples should be tested in triplicate and only one claimed specimen type/matrix is 
required in this study. 

➢ Omissions from actual laboratory testing (wet-testing) should be supported by a well-
documented justification that includes a due diligence attempt to obtain the 
organisms (and/or purified nucleic acid). 
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4) Testing Capabilities  
Briefly describe current sample throughput capacity, total time required to perform 
the test (from clinical specimen collection, specimen transport to result), and 
number of tests that can be performed per instrument run and per day. 

5) Reagent Stability:  
Briefly describe stability test plan for [test name] reagents and include any 
accelerated stability information if available. Please note that reagent stability 
studies do not need to be completed at the time of EUA issuance, however the study 
design should be agreed upon during interactive review and the stability studies 
started immediately following authorization, if not before. When designing your 
stability study, we have some general recommendations that are outlined in 
Appendix B, for your consideration. 

J. PERFORMANCE EVALUATION 
Please refer to the Appendix Section for additional information and/or bridging study 
recommendations for claiming multiple target analytes, or additional RT-PCR 
instruments and/or extraction methods. The following validation studies should be 
performed during your assay development: 

1) Limit of Detection (LoD) - Analytical Sensitivity: 
 

You should determine the LoD of the device utilizing the entire test system from 
sample preparation to detection.  It is acceptable to spike RNA or inactivated virus 
into artificial or real clinical matrix (e.g., BAL fluid, sputum, etc.) for LoD 
determination. It is recommended that laboratories should test a 2-3 fold dilution 
series of three replicates per concentration, and then confirm the final 
concentration with 20 replicates. FDA defines LoD as the lowest concentration at 
which 19/20 replicates are positive. If multiple clinical matrices are intended for 
clinical testing, laboratories should submit the results from one representative of 
each claimed clinical matrix to FDA. For example, if testing respiratory specimens 
(e.g., sputum, BAL, nasopharyngeal (NP) swabs, etc.), please submit results from 
one upper respiratory matrix and one lower respiratory matrix. If needed, we 
recommend that you follow the most current version of the CLSI standard, 
Evaluation of Detection Capability for Clinical Laboratory Measurement 
Procedures (CLSI EP17).  
 
[Please describe in abbreviated form your LoD study, the specific material used 
(e.g., live or in-activated viral stocks, viral RNA), and the LoD (with appropriate 
units) for your assay]  
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below.  For wet testing, concentrations of 106 CFU/ml or higher for bacteria and 105 
pfu/ml or higher for viruses is recommended. In silico analyses alone may be 
acceptable for organisms that are difficult to obtain. FDA defines in silico cross-
reactivity as greater than 80% homology between one of the primers/probes and any 
sequence present in the targeted microorganism.  

 
Recommended List of Organisms to be Analyzed in silico  

and by Wet Testing 
Other high priority pathogens 
from the same genetic family 

High priority organisms likely in the 
circulating area 

Human coronavirus 229E Adenovirus (e.g. C1 Ad. 71) 
Human coronavirus OC43 Human Metapneumovirus (hMPV) 
Human coronavirus HKU1 Parainfluenza virus 1-4 
Human coronavirus NL63 Influenza A & B 
SARS-coronavirus  Enterovirus (e.g. EV68) 
MERS-coronavirus Respiratory syncytial virus  

 

Rhinovirus 
Chlamydia pneumoniae 
Haemophilus influenzae 
Legionella pneumophila 
Mycobacterium tuberculosis 
Streptococcus pneumoniae 
Streptococcus pyogenes 
Bordetella pertussis 
Mycoplasma pneumoniae 
Pneumocystis jirovecii (PJP) 
Pooled human nasal wash - to 
represent diverse microbial flora in the 
human respiratory tract 
Candida albicans 
Pseudomonas aeruginosa 
Staphylococcus epidermis 
Streptococcus salivarius 

 
Microbial Interference Studies: If in silico analysis reveals ≥ 80% homology between 
the cross-reactivity microorganisms and your test primers/ probe(s), we recommend 
that you either perform (1) a microbial interference study with SARS-CoV-2 and the 
microorganisms that your test primers/ probe(s) have homology to, or (2) as an 
alternative to the microbial interference study, you may provide justification as to why 
(e.g., amount of primer(s)/ probe(s) included in your master mix) the performance of 
your test would not be impacted by the presence of a causative agent of a clinically 
significant co-infection, or (3) explain why the in silico results are clinically irrelevant 
(e.g., low prevalence of MERS-CoV, etc.).  Competitive microbial interference testing 
should be conducted for multiplex panels.  The study should assess the effects of 



Organisms division Genus/
Species

Cross-reactivity check database for COVID-19 diagnostic primers, NIHS 2020/5/1
7 CoV + 32 organisms

listed in WHO EUL
7 CoV + 21 organisms

listed in U.S. EUA 7 CoV 5 beta-CoV
SARS-CoV-2 VRL + + + +
Human coronavirus 229E VRL + + +
Human coronavirus OC43 VRL + + + +
Human coronavirus HKU1 VRL + + + +
Human coronavirus NL63 VRL + + +
SARS-coronavirus VRL + + + +
MERS-coronavirus VRL + + + +
Adenovirus VRL + +
Human Metapneumovirus (hMPV) VRL + +
Parainfluenza 1 - 4 VRL + +
Influenza A VRL + +
Influenza B VRL + +
Enterovirus VRL + +
Respiratory Syncytial Virus VRL + +
Rhinovirus VRL + +
Chlamydophila pneumoniae BCT Species + +
Haemophilus influenzae BCT Species + +
Legionella pneumophila BCT Species + +
Mycobacterium tuberculosis BCT Species + +
Streptococcus pneumoniae BCT Species + +
Streptococcus pyogenes BCT Species + +
Bordetella pertussis BCT Species + +
Mycoplasma pneumoniae BCT Species + +
Pneumocystis jirovecii (PJP) PLN + +
Influenza C VRL +
Parechovirus VRL +
Candida albicans PLN + +
Corynebacterium diphtheriae BCT Species +
Legionella (non-pneumophila) BCT Genus +
Bacillus anthracis (Anthrax) BCT Species +
Moraxella catarrhalis BCT Species +
Neisseria elongata and Neisseria 
meningitidis BCT Species +
Pseudomonas aeruginosa BCT Species + +
Staphylococcus epidermidis BCT Species + +
Streptococcus salivarius BCT Species + +
Leptospira sp. BCT Genus +
Chlamydophila psittaci BCT Species +
Coxiella burnetii (Q-Fever) BCT Species +
Staphylococcus aureus BCT Species +
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primers (7 CoV + 20 organisms in US EUA), 
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Cross-reactivity check for COVID-19 diagnostic 
primers (7 CoV), NIHS 2020/5/1 085.-71 085.-71��
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primers (5 beta-CoV), NIHS 2020/5/1 $085.-71 $085.-71��

�	=



EIK��A��@=6>

IPUMJ@CF<7(&+ ���3 ��5(&+¡����9
�?>OIHM>RYZSYao���uyA>�5

(&+�OIHM��������nl|?>URN ����¡?>HIT �����¡?>QNO "&�*/=��¡

�D{������ J\f\c\_^¡�	=t�yA ���9
������s~��4��:}��uyA

URN ����¡�	=t��(&+¢

�����OIHM>TVg_^_]h>MJ dVg\X¢.$�%¡9�������|�(&+�{l|?>RYZSYa�

);t�y���9
���uyA>

 �¢6�E�iGXY^_f\becj�{l|�?>Le]V^>]VcdVXY^_f\bec G�K����9
���uy¡

QNO "&�*/=��¡�	=t��(&+n��

HIT �����¡�	=t��(&+�mz?>+����}��t�|l�(&+¢

URN~�v�#}�);9
�p�wq�y� �¢6�E�iQcYeX_]_^Vc>VYbe[\^_cVj}�,FB�

9
p);t�|l�¡?>(&+�dVg\X���w�(&+��%���9
 bYZYbY^WY>[Y^_]Y¡

k�l�OIHM>KY^_]Y}�-t�|l��0!����9
 bY`bYcY^dVd\fY>[Y^_]Y¡���uyA

HIT �����¡�	=t��(&+�mz?>�����}uo��t�|l�l(&+¢

i�j�'��+�1�u�l�}?>���9
p��u�lA>xr}?>OIHM>TVg_^_]h�nl|��t

�y������+��2���u?>+��0!����9
�8�uyA

��M

,)(+%-.432315N�?:>,)(+A�
��HLGJLF@� 9D>6C��8��;C���@!:>&

���$?�	@!;C��8�#9D<HLGJLF'%

-.40/N��A,)(+%-.432315@76>&%���$A�"�@�BD>6C+*'



��������8\

ü Õ·ÎÀ·ºØÂU�ÉÙÅÑÙÂÃØÅÙÚ~|}��Û	Zj:=�hI¢¥mc��e


7SÄÎÊ¸¹¶q �}�ÐÕ·ÒÙ°Ð×ÙÏQ<bKM���e
¬¦�§¯o ]X©¢«�

mc¬7S¤³ ©�¨�³q

ü L[T�l�¬"�¤³ÓÂÒÇÆ°+�Ü; µ��¢¥7S��V¨�²Úa-y�AÛo

�¦o 7S?´�«�Ú|�{��«ª�e
7SÐ×¼ÕÔ¨®7S3�^#�Bk¨o

7S?´�E£³�V'��³Ûq

ü �	¬��³6f�Y*_$5¬��§o »ÎÅÙ¾ÇÊ�[d�!7SÈÙÖ©¢§>

F¡´§�³q

ü ���|���r��{r~~|��i��e
ÉÙÅÑÙÂ¬Jg¡´¥¸·ÖÂG4�e
µ9.

7S¨�³q

ü ���±Jg¡´§�³/�¿×Ë¸·ÖÂ¾ÌÔµ9.7S¤³ ©¯�VÚusus%v2¬,

�Ûq usus%w2ty0D�o vtwxe
n�Jg¡´§�²o �WK¬¶ÇÐÉÙÊ¡´³q �H

R)(�¯1/(�µ�&�Vq Ún�NP¼ÖÙÐ����|���r��{r~~|�¬Jg¢¥

�{��p}��pu¾ÌÔe
µ�&Û

ü ¸¹ÏC®`¨¯@�¨�F�Vq 7S¤³e
µO�¢¥���¬®o ÍÇ½ÙÁCµF�

§»ÎÕ·Ø¨7S¤³ ©��VÚ�����zrr��������q��������q��rÛq

���

https://GGGenome.dbcls.jp/

https://gggenome.retrieva.jp/
https://gggenome.dbcls.jp/


�
N(((+-.,+<�� "	�<��#

2 ���?��%

L�
&?��M

0 EJ@GK��?��%

1 �����<HDIK? 4*./5

�:�9=7;:$!'.)��

CKBFKA?����%

3 ��6��8>=%



�G�'
�:N

7A=�M��3&�

�����
OechP

,

OcfhP

4�
OabdP

���\^Z

�����

F-£7A=�M��qu��G�'��N

ü ]]]bfgeb�2<1��qn{R k�������D�l�H*x�}R �����}�7A=�M������

����M��2<x�v}s|t�S

ü k�����T�����D�l�H*x�}R 7A=�M���������pR ����¡,
�4�¢���M

��2<x�v}s�@S v�1�|R �p� kW���|¡ajW¢l}+�x�}R 7A=�M��qu���

���I�R ,
I�����4�I��>�¡�G�;)�>�¤a	Q¢skWl�|�J�2<x�v}

s|t�¡���8wy�o�Js���x�¢S

ü VU��K�������zn{R XU ���7A'¡YVU 05��G�'¢�/6�2Ex�����R

�G�;)sW������J�2<x�v}���y�¡VUiUSVYW��K��¢R kW���|l�D�

wy2<��.x��s�!}?p���S

ü �������pR ����¡,
�4�¢�?(wy2<s$B|m�r�zn{�R �#2C�Bx�S

¡7A=�M��,
�4�sm����R ~�9 _[`�%�"L���xr�2Ex�$Bsm�¢

12 1310 118 96 753 41 2

12 1310 118 96 7531 2 15 1614 18 1917 20

15 16 18 1917 2014

12 1310 118 96 753
4

1 2

12 1310 118 96 7531 2 15 1614 18 1917 20

15 16 18 1917 2014

12 1310 118 96 753 41 2

12 1310 118 96 753 41 2 15 1614 18 1917 20

1516 18 1917 2014
*Yoshida T, Naito Y et al, Genes to Cells,
24,12, 827-835 (2019)

��������	� ����	� � ���

121310118 96 753
4

1 2

12131096 7531 2 15 181917 20

1516 181917 2014

14

�
�	����� ��d (distance)Q



����JJJWZ[YWn be�(�

'; �; ���tiGOTLH<?E/� PGQ��p���-?@��n bf; ISM���UKO*�� qpw�t�h�

$cme��&iz�v��t`Cross-reactivity check for COVID-19 diagnostic primers (7 CoV + 32 organisms
in WHO EUL)ah�df; ^�t�yxik.�_; ^B��jg�i�t�yxn.��_g�(=

4!
��p��
i
%

��p��
i3c

~y{1�i�
~y{1�i�

�#,)	6�io�p��{�

~y{de��&

�t�yx�

���0 1 2 3 4

'

2019-nCoV_N1-F 20 1 0 1 85 744

2019-nCoV_N1 R 24 1 0 1 0 5

2019-nCoV_N2-F 20 2 1 7 93 938

2019-nCoV_N2-R 18 1 0 14 325 4218

2019-nCoV_N3-F 22 1 1 0 1 38

2019-nCoV_N3-R 21 1 0 1 1 82

��i1��~y{deGOTLH<?E50��&ir}�1�

��i1����p��i1��:2 [\ ]2�

#,)	6�h�jml
�t�yxi�

���   ����� ������� NGV>>@E@E=@
��������������������
��    ����� �� ����� P\XYW\8:29

��� ��� ����  �� ��� NGV>>>E?@=?
��������������������
��� ��� �����  � ��� P\XYW\8:29

�����  ������� �   ��� NGV>>BC?D=A7
����������������������
�����  ������� �  ���� P\XYW\8:29

 ���� ��  �  ��� �� � NGV>>BC?D=A7
���������������������
 ���� �� ��� ��� �� � P\XYW\8<29

 ����� �� ��� �����  ��� NGV>>BC?D=A
������������������������
 ����� �� ��� �����  ��� P\XYW\8<29

"��+
4

80�

�ps��u�
3

85�

RFQRs�|
2

88.9�

�� ���������� � � NGV>>BC?D=A
������������������
�� �� ������� � � P\XYW\8<29

RFQRs�|
2

91.7�

RFQRs�|
1

95.5�

RFQRs�|
2

90.5�



���
W]IXa
F��

W]IXa
F�C

UQR��F�
UQR��F�

c���� 	FH]IZ`Rd

UQRDE���

YNXQP�

�
�0 1 2 3 4

��

CN-CDC_primer1 21 1 0 1 10 96

CN-CDC_primer2 19 1 0 7 144 1250

CN-CDC_primer4 22 1 0 1 6 67

CN-CDC_primer5 22 1 0 1 2 23

V]`N

FR-Pasteur nCoV_
IP2-12669Fw 18 1 1 17 290 3969

FR-Pasteur nCoV_
IP2-12759Rv 18 1 2 26 464 5583

FR-Pasteur nCoV_
IP4-14059Fw 19 1 0 11 153 1685

FR-Pasteur nCoV_
IP4-14146Rv 20 1 0 2 15 313

   ����������� � ���� 42:''+.(/&*!
���������������������
   ����������� � ���� 6@<=;@"$�#

� �� ������� ��� �� 49:'(.)-+../&(
�������������������
� �� ����� � ��� �� 6@<=;@"%�#

��������� �  �� � ���� 42:''+.(/&*!
����������������������
������ �� �  �� ������ 6@<=;@"$�#

 �� ������� ������� �� 42:''+.(/&*
����������������������
 �� ������� ������� �� 6@<=;@"%�#

�����������  ����� 49:'(.)-+./.&(
������������������
����� �����  ����� 6@<=;@"$�#

� �� � ��  ������� 42:'')'(.&(!
������������������
� �� � �� �������� 6@<=;@"%�#

������������������� 42:''-)(*&(

�������������������

����� ����������� � 6@<=;@"$�#

 ������� �  ����  �� 42:'''0()&(
��������������������
  ��������  ����  �� 6@<=;@"%�#

8178K_S
)

0'&,b

T\a[MNPN
*

/+&)b

8178K_S
)

0'&0b

8178K_S
)

0'&0b

T\a[MNPN
*

/*&*b

I`V^J`L
)

//&0b

K_S52+*
)

/0&+b

XIKW]OX
+
/'b

����333;>?=;G�AE���c�Bd

�()��



����___lopnl¶(8%��,B

¯��¤®
 �T
Z[PV³

¯��¤®
«�ª¡ SM  �S

Z[PV³

¨®�ª²��
´H1�±6±G�µ

¥¡£E��!
¥¡£E���

´3=9�J���®�¬°£µ

¥¡£��/.7

«�ª¡ ��
�	�!

���

k�
0 1 2 3 4

§®°�

FR-Pasteur nCoV_
IP4-14059Fw
�19mer�

2

1 0 30 726 13580 2

2

3=9�J������
«�ª¡ Q�¡¨�!

ü ___lopnl�(8%����N v«�ª¡ ��?�w�v«�ª¡ Q�¡¨�?�w�z��}�D�����~��

�´A"[	-µ P

ü ��(8%��Cz~9'����{�
$���}��5����N A"SS�5��§®°��¨®�ª²E�

´^eOdjrsltq o\pfi`dVOSVRW[^u¶S[nlqN�}�T+2µ�0z�N A"SRNSS���¢²�©²�xCross-reactivity check
for COVID-19 diagnostic primers (7 CoV + 32 organisms in WHO EUL)y����N v«�ª¡ Q�¡¨�?�wN vV���
�w�%��(8��´�<µP

ü v«�ª¡ ��?�wN vV����w�%��(8��9'´A"SSN �}�T+2µ�,B���N �¡¨´ �·)�µ
�����(8������N ¥¡£E��!~���������~4@���´�<¶I�µP ����5���{�

¥¡£E��v«�ª¡ ��?�w������z��N ���>&�;{����N v«�ª¡ Q�¡¨�?�w�

D���#~N ��*4�>&~����:|�|�P

���  ����� �� ����� chi\dRRVRRXPS

�������������������

���  ����� �� ����� dqmnlqKMFL

���  � ��� �� ����� chiabUYRYW[PS

�������������������

���  ����� �� ����� dqmnlqKMFL

���  �� �� ��� ����� chicd]gRSRRRRRSPS

��������������������

���  ����� ��� ����� dqmnlqKMFL

¯¨£�¦®
«�ª¡ S M )�S

[R³

A"[�	-



M*abBLAST¬Basic Local Alignment Search Tool��{�

ü �F;��:���{��G;�S�[�$2>£©�¨¦`]�¥�TS��2>��xgjflmry�1T

S��2>��xgjflmqy}z�¬�X��_]gjflmq��{�JO��` khgi}'	��gjflm��_]

!~3:���{���¢6¬khgi]opnst®�F:���ª��©«ª6¬khgi]opnst^®A5B:}z�`

ü gjflm��8�_]uQ@��aa��V����EZ����2>¯7��¬��®N_]v ���¨�§

ª���V��}�2>�����¬��®Y_]S�[�$�\{Z��7���`]xS�[�$�\{Z

�y�[�$�="�_]�P ¨§«��L)�C`

ü u����EZ��/K�
�xaa��Vy�z�}_]xkhgi]opnsty��ad��Vz�{�e��V�

�-����}�C`]�+_]xkhgi]opnst^y��c��V����%�V��R&�C`

ü ���EZ����V�
���~���_]D��(�2>?0¬¡��S�}#��w2>�H��,

W�V~��`¬2>?0�IU¯)8����,W�H��

ü Q@��aa��V¬z�{�_].��c��V����EZ�}����{S��¡����{`¬£¨�

¤«��|�<{S���2>4�}9���{

��
	�

� ��
	� ������

!��

������!�����

�� ����!��

����.),"+- ��/

&-$*-#� (%'��

�� ��

����.),"+- ��/

&-$*-#� (%'��



%+$-.<)))13421>��K?<@L
 EHCFJ>�����EIDHG<8:>��7A 

h>}�

tQ ����w����� ����w�����z ��������

�����{}�oiPMU

�¯¸¿µÆ³½Æ²

���PMU¨��

È�k;+��É
Na�FY�6e

FYI¡

È�!��¥\¡Ê#VdSÉ

<�?H 1@È¾«²<��;+É _L�6eÈ°¾Å·��É 1@È¾«²<��;+É

5¤§¦

©ÂªÀÅ¶�u$

¼Âª¾Æl��

�bk��u$�¡

¼Âª¾Æl��

�bk��u$�¡

¼Âª¾Æl��

�
u$

�/7�g "q "q -@

E[�e�¦An ££m�Èy=�É m� Èy}An��É R� Èy=�TÉ

E[]D�=

Èº´¶�=É

'�ÈyZ}~��x

�&%��i^�b

¨ ¢l��¡

r0�'� ÈyZ�~||��É

�&%��i^�b

¨ ¢l��¡

j� ÈyZ���É

E[J§��`7 C C K

E[]D��¥:�
��¨e�¦

È4�O�9n���¦É
��¨e�¦

È4�O�9n���¦É
-@

;+È_LÉ�6e�

¹ÂÀÆ³�=
'� '� .��

]D�3s�¦
¼Ä®Â¿��p

*��b&%mÊ���

È��j�W8��¹ÂÀÆ³���É

*��b&%mÊ���

È��j�W8��¹ÂÀÆ³���É

�j�W8���Ê~�Ç �

È�*��b&%m��¹ÂÀÆ³���É

B(º´¶�= ~�� K�p }|��

³»��¥���?H
E[,c4�
ÃÅÃ´

E[,cA�
¬¼±ÁÅ;+

E[,c4�
ÃÅÃ´

fXG7`���)2 	� v� 	�

� �<8:��(/+��&,0*' !#�����=�8:5�	!"���
�M6;�89��B��



����



��������	������
������

��������

!� SPORIUWT[\ SPORIUWT[\J QQQVYZXV

~�|��{
i.�

�;�
%�i~�|��{s,4LIdebKIC

i� B�`�;L

�;�
�?316iC
s�GbKIw���
	hoq~�|��{s+7L

�;�
��i�q9lf�4~�|��{s
+7-lL

~�|��{
iB�

��txf%�i~�|��{_p�?
316sC
s��hB�L

+7bd~�|��{s*8'iu�
y��f��L

��txf+7bd~�|��{sB�L

2=�H

!�j�&e`KI"�i316iB
����h�E`__rL

�{�=Ai316�ikkfj*8
fag^316n]rL

C
�Ghj)DC
~�|��{
hFcr5>`�;L

w���	hor!�`�;gdmKI
!�hj:/`�;L

��iC
f$<h~�|��{s+
7cr��jKIQQQVYZXVi�}v�
z0�(��s�4cr�;`]r

SPORIUWT[\ SPORIUWT[\J QQQVYZXV

@#MN

~�|��{sB����cr��



 � IFEH>KOJTU IFEH>KOJTU? GGGMQRPM

<�f�� <�m��qw�e�k�\lA
NJTUJ���np�m��]@>�
4%e�np��m��A

<�m��qw�e�k�\lA

����{f��
��qw�b�5d����{m
��A

�4%fs�x��b��A
��qw�b�5d����{m
��A

)7�=
 �g�$`Z@>o�v�z�
m*6]aXdXc8�b[d
X����{Z�XA

u�����ejl �Z�5
d_i@> �eg1(Z�5A

o�v�z�m*6]aXdXc
8�b[dX����{Z�XA

qr}~/f-.2Z,�+e
*6
3d@>�!f����{
fhm8�A

<�

����{

�4

<� �4
<�
��np��

����{

:"CD��������	������
������

���
�����

GGGMQRPMb��^l����{

��V�y�}|Bt�}�m9�WYV�y�}|fh9�Wm;�A

��9�^l�y�}|Bt�}�f��!f&��m��A

��'0^lTUSJQLm��A>���p��f��gV	#Wf'0Z�5�

IFEH>KOJTU IFEH>KOJTU? GGGMQRPM



)�35Z^R[a����(b0�+��!c�-J�)

de�!"�J%�

�� ;87:/@B?FG ;87:/@B?FG0 999ADECA

�!"� nsbe�Udsm`ctU&�L]\2 ��m^atU�	L]\2 nsbe�Udsm`ctU&�L]\2

gn
�[�	 �!�%�Uhbvuwl �!�%�U�� �!�%�Uhbvuwl

�(�,

�'�J.I-�x*#�$-�
S�+RKO �yVXJ&�L]\2

osapw�+V_sarvkW&�L
]TI2

�'�J.I-�x*#�$-�
S�+RKO �yVXJ&�L]\2

osapw�+V_sarvkW&�L
]TI2

osapw�+V_sarvkJ�Z]\2

��UqfpjiJHPQY&�L]\2

1�3D	��
(�(�>IXITI�EGW9I�TIU5LTE9QT>�U>PHTQOI�GQTQPEXLTWU�(�LUQNE9I�
AW.EP�7W�
��GQO5NI9I�-IPQOI
9IP-9.0(//	)
>GQTI�0�))�-�)L9U� ),����5Z5IG9�0�	�

���8HIP9L9LIU�0�
.%
.� 
		����
6E5U�0�	%
.� 	�����>9TEPH0�NWU%�NWU
=WIT>��
������2"6263""26"33"6""6��
.

??????????????????
>)0G9 
(,/	��2"6263""26"33"6""6��
(-	-

1�CD#6�4	
					
�
�9I-LQPINNE�)WUEPIPULU U9TELP��3"3
))
,��<.QNI�
-IPQOI�U.Q9-WP�UISWIPGI
9IP-9.0)
/


>GQTI�0�(.�)�)L9U� )	����5Z5IG9�0��.���8HIP9L9LIU�0�
�%
�� 
		����
6E5U�0�	%
�� 	�����>9TEPH0�NWU%�NWU
=WIT>����������263""26"33"6""6��
.

???????????????
>)0G9 

	-//,��263""26"33"6""6��

	.	
	

1�CD32227%	
					
-�
�9I-LQPINNE�-TIULNIPULU U9TELP�6TIQWZ 

4
)��
<.QNI�-IPQOI�U.Q9-WP�UISWIPGI
9IP-9.0
-()
>GQTI�0�(.�)�)L9U� )	����5Z5IG9�0��.���8HIP9L9LIU�0�
�%
�� 
		����
6E5U�0�	%
�� 	�����>9TEPH0�NWU%�NWU
=WIT>�������263""26"33"6""6 
.

???????????????
>)0G9 /
(.��263""26"33"6""6 /
(

;87:/@B?FG0eWYS_XJ
���P��

223263""26"33"6""6
? ???????????????
2"6263""26"33"6""6

999ADECAeWYS_XJ
���P��

888<>?=<GK�&�J�@.�b�'J�/4��c
P�L21	�JQ^R]`XP�FNCHB�$

=6<=18E>14NVYV
x��$y �

�
M\"

�

�
�
M\
"
�

796:;GKQ^R]`XJ�*

b#e35��,cEA%�DOI@ 888<>?=<GK� J\T[VUM%�DON



phgnUz~y�� phgnUz~y��V lll|���|

/?,�¸

ü /?O�»ksXry��|��x�h�vxnr]X\]aadk�U¶ftlflhttflthhtlttlWU\c�|�·
ü ¥µ¢«µ¡»juo!KhqvniX\dRL84<¶phgnUz~y��� ��B�84<��·
ü ¨±¯µ¢»�ª³�±®�¥©�²¦�

):�	�D��P»\\
|X�y~�|e\[[[¶�E(�C�I$·

):�	�D��P»\\
|X�y~�|e\[

�	�D��/?
VZX�����y�{�/?

/?(QZ/?@.# #�;Z]`_� \;*2Z^� \;*2Z\�

/?,�¹

ü /?O�»ksXry��|��x�h�vxnr]X\]aadk�U¶ftlflhttflthhtlttlWU\c�|�·
ü ¥µ¢«µ¡»juo!KhqvniX\dRL84<¶phgnUz~y��� ��B�84<��·

):�	�D��P»b¶)��·
|X�y~�|»\[[�

):�	�D��P»_¶)��·
|X�y~�|»`[[�

�M�=��_���H�
¡¬¤£Z�°¤ª�H�
VZX�����y�{�/?

/?(QZ/?@.# #
¶60���·Z>\]�� >b]
Z>_][[�� #�;Z>_��

/?,�º

ü /?O�»pnnixwmX\xsd\^U¶htttfhhflhfhltlhtflffllWU]^�|�·
ü ¥µ¢«µ¡»juo!KhqvniX\dRL84<¶phgnUz~y��� ��B�84<��·

):�	�D��P»b¶)��·
|X�y~�|»\[[�

):�	�D��P»_¶)��·
|X�y~�|»`[[�

�M�=��`���H�
¡¬¤£Z�°¤ª�H�
VZX�����y�{�/?

/?(QZ/?@.# #
¶60���·Z>^^�� >^(QZ>a][[�� #�;Z>\`[[�

5G�T

•�N
�:�N
�DO�¶
��O���'·Y

•/?(Q��9A�7����
���Y µ§�1S60���Y

•�N
�:�N
�DO�¶
��O���'·Y

•/?(Q��9A��E7��
��¶+F-�h��|U}bXbb[["
Krh��&·Y

• ª±�¬µ	P��±�¯´¦���
��Y

• ����,��/?3����Y
•/?(Q��9A�7����
���YU µ§�1S60���Y

����������������������

 !��	�����
�
J%\c



VRQUHXZW^_ VRQUHXZW^_I TTTY\][Y

��y���En
x�y���n�#

��n)F	m"aJH/67.�<4dvhx�y���n
7.�w��y���EnG�m�Egu$>b`u���
z��msu1b$>�K

MK ���ehD�nUSl�|{��n'�w
mJH�Bw�
qD�w�#K

NK �}��~�$>m%fj*��0��w9(ejJH��y
���Enx�y���w?5eJHx�y���7.w��K

OK /67.n,�JH�@nMJNw8tCgK�7.msij
o,���n1b$>�

�jn/67.b��y���En
x�y���w�qhrJH!1b�
>KH

/67.mJH�;JH�}��~JH*�JH
0�n��,b�pvunkJH�
�&�3=7�gu��,n�
��w?5 k2+5�guclb
�:K

!(���0��5e!�
;=V>O<f��@�0
DI>V*�@#,-"KDI�TWV:8>FWR��
NZb[ac]N&%O� :8BNS?L-"@���
���CWV: \^��U�@�/:

_b[`d�5MXHVZb[ac
]N-"@�TWVHQ98GNPP
�0'e���fY1+EVBK@
JAV:8\^��U�@�/:

_b[`d���)2e7	4�#,f�6N$3

gh#,-"N��.
A-MP

VRQUHXZW^_LVRQUHXZW^_I TTTY\][Y


