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Executive Summary

Produced and marketed by: Ellie LLC, N114 W19320 Clinton Dr, Germantown, WI 53022, U.S.A.

The BRUCELLA FPA is a diagnostic test using fluorescence polarization assay (FPA) technolo-
gy designed to determine the presence of specific antibodies in serum, plasma or milk samples, 
against species of the genus Brucella that produce smooth colonies (B. melitensis, B. abortus and B. 
suis - Rev. sci. tech., OIE 1982). The presence of antibodies is indicative of prior infection with 
Brucella.

The diagnostic test uses an O-polysaccharide (OPS) extracted from Brucella abortus bacteria and 
conjugated with a fluorophore. OPS is the most specific antigen and is a component of the ly-
popolysacharide (LPS). Immune response to OPS correlates with active infection and bacterial 
load. Animals that clear infection, as in the case of vaccination, quickly become negative on the 
FPA.

Fluorescence polarization is a homogenous assay. The reaction is read directly in the tube, micro-
plate or stripwells without washing steps or secondary reagents. This allows for a simple, rapid 
and accurate test. The assay time is only a few minutes and can be done in the field or laboratory. 
The test can be manual or fully automated in cases where large number of samples can be pro-
cessed in a short time.

In all species, OPS is an immuno-dominant antigen. Therefore, the Brucella FPA is successfully 
used and validated for testing cattle, sheep, goats, swine, cervids, bison, buffalo, camels and oth-
er species, including humans.

Because Brucella FPA detects only antibodies against OPS, sensitivity and specificity of the assay 
are very high.  Therefore, the test can be used as screening or confirmatory, or as an aid in distin-
guishing vaccinated and infected herds. 

The test is validated by many veterinary authorities and is the main confirmatory test for cattle 
in most of the countries of the Americas, including the United States, Canada, Argentina, Brazil, 
Uruguay, Colombia and other nations.  The FPA is approved in the European Union (EU) for 
testing cattle for trade between member states. In China, it is approved for testing for export and 
import.  It is also used by several large dairies for brucellosis control and eradication.  Many other 
countries are switching over to use the Brucella FPA as either a confirmatory or screening assay.

Ellie LLC • N114 W19320 Clinton Dr, Germantown, WI 53022, U.S.A. • info@ellielab.com
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Introduction

The reason behind the development of the FPA for bru-
cellosis was to distinguish between infected and vacci-
nated animals. Dr. Klaus Nielsen is one of the leading 
scientists in the field of brucellosis. As part of the pool of 
very successful Canadian scientists, who still dominate 
the research in brucellosis, Dr. Nielsen was working on 
development of the FPA and competitive enzyme immu-
noassay (cELISA) technologies with that exact goal in 
mind. His work has yielded technologies that we can use 
today to make this distinction much easier.

Dr. Mick Jolley is a prolific British scientist who works 
in the United States. He is a chemist with a specialty in 
carbohydrate chemistry. Throughout his career, he has 
developed a portfolio of tests based on FPA technology. 
Dr. Jolley also developed a particle concentration fluo-
rescence immunoassay (or PCFIA) for Brucellosis, which 
was sold by IDEXX Laboratories. He started Jolley Con-
sulting and later Diachemix LLC, with a goal to develop 
instruments and tests based on fluorescence polarization 
for agricultural markets. Ellie is a continuation of this ef-
fort.

Dr. Nielsen and Dr. Jolley have invented the FPA test for 
brucellosis. They both hold a patent for FPA in gram neg-
ative bacteria, which is the umbrella patent for the Bru-
cella FPA.

About serological diagnosis of brucellosis

Brucellosis is a subacute, or chronic, disease that may af-
fect many species. It is essentially a disease of animals, 
especially domesticated livestock, caused by bacteria of 
the genus Brucella, which can be carried accidentally by 
human hosts.

Brucellosis has been an emerging disease since the dis-
covery of Brucella melitensis by David Bruce in 1887. 
Attempts to eradicate the disease date back to 1905 in 
North Dakota, in the upper Midwest region of the Unit-
ed States. Eradication of epizootic abortions was the first 
effort, with the implementation of a fully established pro-
gram of eradication in 1935 on a national level. 

Over the years, eradication efforts were mostly based on 
vaccination, test and slaughter, or some combination of 
all efforts. Obviously, tests and testing procedures have 
played a key role in the process.

At the moment, Brucella genus has at least 10 species 
having characteristic host preferences and zoonotic po-
tential. The following are the most significant species : B. 
melitensis, B. suis, B. abortus and B. canis.

Because of the massive number of tests that needed to be 
done, serological assays have always played a key role. 
In the beginning of eradication efforts, various forms of 
agglutination tests were used, with only Rose Bengal Test 
(RBT) remaining as a major test. The key advancement in 
these early stages was the development of the comple-
ment fixation test (CFT), after the discovery that Brucella 
lipopolysaccharide (LPS) opsonized erythrocytes are not 
lysed by the complement, which is not the case with ma-
jority of other gram negative bacteria. This has increased 
the specificity of the assays and programs. 

Following complement fixation tests, enzyme immuno-
assay (ELISA) tests were developed. Various forms of 
cELISA tests also have been developed also with vari-
ous claims of specificities. However, these tests mostly 
remain confirmatory tests on false pretenses, as they are 
very different in design and performance. 

Brucella FPA was developed in the beginning of 2000. The 
key characteristic of the test is the use of a subunit of LPS, 
which is O-chain polysaccharide (OPS). OPS was early 
recognized as a most specific and sensitive antigenic de-
terminant of Brucella. Highly hydrophilic OPS cannot be 
solely used for ELISA, and the search for other detection 
methods has resulted in the FPA. Due to its high speci-
ficity and sensitivity, the FPA is used for various purpos-
es from export/import to screening and confirmation of 
Brucellosis. Along with being simple to conduct, the FPA 
provides rapid results and is reproducible across labora-
tories and instruments. It also reduces the human error 
and variability that occur when reading agglutination 
tests. The entire assay is done in solution, in a single tube 
or plate with no precipitation or washing steps. There-
fore, it is readily adaptable to field implementation. 

Brucella FPA: Description

General Information

The typical kit composition is simple. The heart of the 
product is a conjugate (a.k.a. tracer) solution of OPS frag-
ments conjugated with fluorophore. Controls and a sam-
ple diluent make up the rest of the kit. The expiration 
time of each batch is two years and can be readily extend-
ed because the components are highly stable. 

The test procedure is simple and fast:
 > Mix sample and a diluent in a tube or plate

 > Read blank fluorescence on an instrument

 > Add the conjugate to the mix

 > Read again for the result of the test.
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There are no washing steps or lengthy incubations. The 
total test time is five minutes. 

Because of its simplicity, the FPA can be used effortlessly 
to screen thousands of samples per day.  Additionally, it 
can be used to process just a few samples per day, with-
out ever losing extra wells or reagents.

Portfolio

Our portfolio consists of four different variants of the test:

B1001  Brucella FPA: The original formula for cattle, 
used for other species as well. This product 
has not changed from its first production and 
is used in many countries as a reference test for 
brucellosis. It is produced under GMP condi-
tions in United States Department of Agricul-
ture (USDA) licensed and ISO certified facili-
ties, like all our tests.

B1002  Brucella FPA II: This is a new test for B. meliten-
sis detection. Its higher specificity is intended 
for testing brucellosis in sheep and goats. 

B1003  Brucella FPA Medical: This is a product de-
signed for testing brucellosis in human blood 
samples.

B1004  Brucella FPA Milk: The newest member is a test 
for brucellosis in bulk milk samples in cattle. 
The test can detect antibodies to OPS in 200-300 
pooled samples using criteria set by the USDA.

The Principle

The principle of the FPA is simple. The technology de-
tects the size/energy of a molecule or a molecular com-
plex. Since all molecules/atoms/particles jiggle due to 
a constant collision with other particles, the particles 
turn. This is well known as Brownian motion. The big-
ger the molecules are, the slower they turn/jiggle. An 
FPA instrument detects this motion and, consequently, 
the size of the molecule. A small antigenic fragment has 
low polarization, but when it is bound to an antibody or 
antibodies, it will slow down and the polarization will 
increase. The whole process is done in solution without 
solid phase (like plastic plate) washing or indirect detec-
tion. This is a homogenous assay with direct detection of 
binding of particles. 

The technology dates back more than 100 years, and this 
phenomenon was used to discover atoms. Today, the FPA 
is a ubiquitous technology in human medicine and re-
search, but remains only sporadically used in veterinary 
medicine. Our company intends to change that.

The Antigen

The key to understanding the high quality results of the 
Brucella FPA is to understand the antigen used. In short, 
a majority of diagnostic tests uses LPS as the major anti-
gen present and immunogenic molecule of the outer lay-
er of Brucella. The FPA uses a subunit, a fragment of the 
Brucella LPS called OPS. It is not using the whole LPS 
like other tests and for that reason shows a much higher 
specificity than all other tests, along with better sensitiv-
ity than most tests. 

The LPS of Brucella is a non-typical gram negative LPS, 
which is often called a non-canonical LPS. On its own, 
the LPS is toxic (endotoxin) and can cause serious illness. 
It is a major surface antigen, and it can be divided into 
smooth type (S) or rough type (R), depending on the 
inclusion or lack of OPS. The main animal (or human) 
pathogenic species of Brucella carry smooth lipopolysac-
charide (S-LPS), and these are B. melitensis, B. abortus and 
B. suis. The use of antigenic epitopes included in this OPS 
moiety represents the ability of the test to detect brucello-
sis caused by S-LPS Brucellas. 

The LPS is made of the three main regions:

 Lipid A

 Core Oligosaccharide

 O-chain polysaccharide

From the standpoint of infection or toxicity, Lipid A is 
the most interesting region. It consists of diaminoglu-
cose and is decorated with chains of fatty acids. It acts 
like a glue by attaching LPS to the bacterial outer wall. 
When bacterial cells are lysed by the immune system, 
fragments of membrane containing Lipid A are released 
into the circulation, causing fever, diarrhea and possible 
fatal endotoxic shock in humans. The immune system, 
regardless of the species, is overwhelmed by Lipid A and 
is pushed into an overdrive, with a consequence of high 
test titers even long after the infection is cleared. For di-
agnostic purposes, its high immunogenicity is a disad-
vantage, especially in vaccinated animals.

OPS Core Lipid A
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The core oligosaccharide consists of an inner and outer 
core. The composition of the core is mannose, glucose, 
glucosamine, 3-deoxy-D-manno-2-octulosonic acid 
(KDO) and unidentified sugars, all of which are directly 
attached to the Lipid A. This is another complex molecu-
lar structure that is commonly shared among gram nega-
tive bacteria. Thus, the test that detects antibodies in this 
part of the LPS is not very specific.

The OPS of smooth-type Brucella LPS (S-LPS) is an un-
branched homopolymer of perosamine sugar that has 
an average chain length of 96 to 100 glycosyl subunits. 
This is a highly hydrophilic molecule, which in its native 
form cannot be used to make ELISA tests, or some form 
of bead-based agglutination test, since it will not bind to 
the plastic. The FPA is a homogeneous assay; all parts are 
done in a water-based solution.

The FPA uses fragments of the OPS conjugated with 
fluorophore to make up an antigen. Whole bacteria are 
processed, and OPS is extracted and then purified by dif-
ferent methods. A synthetic antigen was also made but 
did not yield enough sensitivity. Fragments obtained and 
then conjugated with fluorophore can detect antibodies 
to both M and A antigens. 

The OPS itself causes short-lived immunity in animals 
in cases where the infection is cleared, like in vaccinated 
animals. On contrary, Lipid A causes long-lasting immu-
nity, even when the infection is cleared. Both antigens 
cause life-long titers in infected animals. 

Comparison to other technologies

The RBT detects antibodies to all parts of the LPS since 
it is based on whole bacterial cells. Moreover, the RBT 
suffers from a lack of sensitivity due to a prozone effect. 
Additionally, in vaccinated animals, agglutinins can be 
completely absent from the immune matrix, which also 
reduces the sensitivity of the assay. On the contrary, in 
animals that are vaccinated, the RBT always shows long-
term positive results due to the detection of anti-Lipid A 
antibodies, even in RB51 vaccinated cows.

ELISA also uses the whole LPS antigen, because the Lipid 
A is what sticks to the hydrophobic plastic plate. Sensi-
tivity is much higher than any other test, but the overall 
specificity is lacking. However, ELISA is useful in creat-
ing a barrier for introducing positive animals to the herd 
and as a screening test for milk or serum. State-of-the-
art testing used in the eradication of brucellosis in dairy 
farms involves the FPA for test and slaughter, and ELI-
SAs for verification of a negative status.

Other derivatives of agglutination tests, like Rivanol, only 
reduce sensitivity of the assay, and in vaccinated herds 
do not have a real use. Most of these tests, including the 
Wright agglutination, Rivanol and 2-Mercaptoethanol 
tests are being phased out. 

The FPA and complement fixation tests (CFT) measure 
antibodies in the OPS and, therefore, show the highest 
specificity of all tests. Since the FPA is a simple technolo-
gy, it can be successfully implemented as a replacement 
for CFTs.

Looking at vaccines, the S19 and Rev. 1 vaccines are live 
bacterial suspensions with bacteria containing a devel-
oped LPS. Our attempts to isolate the OPS from S19, 
yielded a much smaller quantity of the OPS per gram of 
bacteria than the strains 1119 or S99, practically showing 
that S19 has much lesser concentrations or shorter poly-
saccharide chains. This fact has two consequences:

1. The virulence of S19 is lower than the wild infect-
ing strains, as the OPS is a protective factor for the 
bacteria in the first hours after infection; 

2.  And, since the antigen load is lower, the S19 vacci-
nated animals show a weaker reaction in the FPA 
than truly infected animals. 

Considering what is said about the short-lived immuni-
ty to the OPS, this makes the FPA an ideal candidate for 
vaccinated herds.

RB51 contains only Lipid A and core oligosaccharide but 
“allegedly” no OPS. So far, no reactivity in the FPA cattle 
has been reported. The agglutination assays and ELISA 
will react positively to RB51 vaccinated animals, at least 
during the initial stages after vaccination.
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Chart 1: Frequency Distribution Chart
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Interpretation of test results

Setting up a Cutoff

The unit of measure for FPA is ∆mP, which is a difference 
between the result of a sample and a result of a Negative 
Control. Negative Control is a baseline. In the situation 
when the negative population of animals is tested, FPA 
can be simply used as a YES/NO test with high accuracy. 
In this case we recommend the low cutoff, similar to the 
one used by USDA which is 20 ∆mP for positive and 10 
∆mP for suspect animals. The same cutoff should be used 
in all herds vaccinated with RB51.  

In herds vaccinated with S19 or flocks vaccinated with 
Rev1, things are much more complex and as a result of 
multiple studies, cutoff is set at 60 ∆mP for positive and 
40 ∆mP for suspect animals. This cutoff correlates with 
OIE’s recommended cutoff. In any case, positive animals 
have very high titers in FPA and vaccinated animals very 
low titers. Small percentage of animals will show titers 
in the mid range, which we recomend to be retested at 
a later date to determine if the titer is vaccinal, or from 
infection.

According to the study presented by Dr. Charles Massen-
gill at the Brucellosis Committee Meeting of the United 
States Animal Health Association, any attempt to isolate 

brucella from animals with a titer of less than 50 ∆mP was 
not yielding an isolate. Only titers above 50 have yielded 
positive culture. This result is from the study in labora-
tories in Texas and Missouri, who were doing multiple 
isolations from milk on daily basis. 

Frequency Distribution of FP Titers

In order to distinguish vaccinated and infected herds/
animals, the result of a whole herd need to be looked at, 
together with epidemiological data. The frequency dis-
tribution of FPA titers is distinct in free herds, vaccinated 
herds and infected herds, as it is shown in charts. The 
typical frequency distribution graph shows FPA titers on 
the X-axis and the numbers or percentage of animals test-
ed on the Y-axis. 

The Negative Population

As shown in the Chart 1 below, in negative population of 
animals, all titers are expected to be less then 10 ∆mP. The 
same is with RB51 vaccinated animals. Expected specific-
ity is above 99%. In this case, 1009 samples originating 
from Texas were tested, and dispite a very low cutoff, the 
specificity was 99.9%. In the USDA’s program for erad-
ication, specificity of FPA is at 99.994% calculated from 
over 100,000 confirmatory FPA tests.
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The Positive Herd

Below is a result of testing of a farm which never used 
vaccination and had abortions typical for brucellosis. 
Please note on this chart that a number of animals have 
very high titers in FPA. This is a distinct sign of infected 

herd. No matter how many negative animals show on the 
graph, high positive animals mean infection in the herd. 
Infection can also occur due to a vaccination. It is well 
known that at least 1-2% of animals vaccinated for exam-
ple with Strain 19, will get infected by a vaccine. Those 
animals will also have high titers on FPA. 
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Chart 2: Frequency Distribution Chart
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The Vaccinated Herd

In the sharp contrast to the infected herd, vaccinated herd 
with S19 shows no animals with high titers and some an-
imals in the mid range, while the vast majority of animals 
are negative (Chart 2). Consistent program of monitoring 
and removal of high positives, can keep herds protect-

ed and under control. For example, if the data from the 
herd look as in the chart below, a decision can be made to 
switch to a less potent, but easier to manage vaccine, like 
RB51, and further clean up titers from the herd and soon 
reach the negative status by all definitions. This type of 
decision cannot be easily made without a measurement 
tool like FPA. 
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Chart 3: Frequency Distribution Chart
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The frequency distribution of titers would very likely be 
somewhat different then those charts in any given situ-
ation, for example when the immunity of the herd was 

not holding against the infection, or due to vaccinal in-
fections (Chart 4). However, a general rule is that animals 
with high titers are infected.
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Chart 4: Frequency Distribution Chart
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Above described scenarios is the reason why OIE is listing FPA as a test that can aid in distinguishing vaccinat-
ed and infected animals. This process as said before can only be done with proper management practices and 
epidemiological investigation.
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Approvals & Licenses

The FPA is the favorite test in the Americas. It has been 
approved by the USDA for many years and was used as 
a supplemental confirmatory test until recently. Now it is 
used as a primary confirmatory assay. 

It has been in use in Canada, the United States, Mexico, 
Dominican Republic, Colombia, Uruguay, Argentina, 
Brazil and Chile. Other countries also use the FPA but 
in a less organized way. The FPA is used much more in 
the Americas than elsewhere, probably because of the 
gravity of the decisions taken by the USDA and  Cana-
dian Food Inspection Agency and because vaccination is 
widespread. 

The World Organization for Animal Health (OIE) has ap-
proved the FPA for use as a confirmatory test for cattle 
(OIE Terrestrial Manual, chapter 2.4.3) and supplemental 
test for sheep and goats.

The EU has approved the FPA for use in trade of cattle 
between member states by the resolution 64/432/EEC.

In China, export/import inspection authorities have ap-
proved the FPA for use, but this is not how the test is used 
in the country at the present time. Mostly it is used by 
dairy operations to classify herds and to help eradicate 
infections.

Israel is using FPA as a test of choice for testing sheep and 
goats. Use of Rev1 vaccine might have precipitated this 
decision.

Regulatory Framework

The Brucella FPA test is produced using the highest stan-
dards in the industry. The test is fully compliant with all 
applicable international regulations, including those of 
the OIE, EU and other organizations. It is produced in a 
GMP-licensed facility with the highest level of biosafety 
and biosecurity in the industry. Production is also fully 
compliant with ISO 9001 standards.

The following regulatory documents and guidelines are 
in use during production of the Brucella FPA:

1. USDA Outline of Production for Brucella FPA and 
all applicable regulations of Center for Veterinary 
Biologics of the USDA.

2. All applicable laws and regulations of the Republic 
of Serbia, where our production facility is located

3. GMP Guidelines
4. ISO 9000-2008

Validation

The following results are just a small fraction of in-house 
validations done by our company for various reasons 
and, in some notable cases, validations done by third 
parties. 

Specificity on individual BOVINE sera 

The negative bovine serums were obtained from Texas 
Animal Health Commission Brucellosis Laboratory, Aus-
tin, Texas. All sera were tested by a rapid serum aggluti-
nation (Brucella RBT) and yielded a negative result.

Results*

# of Samples Test Negative Test Positive % Sp
1010 1009 1 99.9%

* Data from 2008 validation of the performance of 
Sentry MP2 microplate reader.

As a full confirmation of specificity, the following report 
makes a compelling case. In the United States, 1.5 mil-
lion animals are tested using a variant of the RBT. After 
100,000 confirmatory tests made with the FPA, only 92 
were found positive. Those animals were traced back 
to their respective herds, which were tested. None were 
found with brucellosis. Total specificity of the testing reg-
imen was reported to be 99.994%. This result was report-
ed at the 2016 United States Animal Health Association 
meeting, during the Brucellosis committee session.

Sensitivity on individual BOVINE sera

Positive bovine samples were obtained from the National 
Veterinary Services Laboratory (NVSL) of the USDA. The 
samples are part of the NVSL Brucellosis Serum Bank, 
along with culture data and typing of the strain of the 
infecting bacteria. 

Results*

# of Samples Test Negative Test Positive % Se
207 2 205 99.03%

* Data from 2008 validation of the performance of 
Sentry MP2 microplate reader.

Specificity on individual SHEEP sera

Negative sheep sera were collected from the Republic of 
Serbia, the municipality of Pozarevac Pozega, Trstenik, 
Priboj and Lucani. The sera were obtained from the Vet-
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erinary Institute Kraljevo and Veterinary Institute Poza-
revac. All sera were tested by rapid serum agglutination 
(Brucella RBT) and yielded a negative result. Serbia is a 
brucellosis-free country.

Result

# of Samples Test Negative Test Positive % Sp
460 457 3 99.35%

Sensitivity on individual SHEEP sera

Positive sera from sheep were collected in the former 
Yugoslav Republic of Macedonia, which has a positive 
status for brucellosis. All sera were tested by rapid serum 
agglutination (Brucella Rose Bengal test) and iELISA and 
produced a positive result.

# of Samples Test Negative Test Positive % Se
86 0 86 100%

Further validation was done in 2005 in Greece by Drs. 
Minas and Stournara. They have tested 166 culture pos-
itive sheep sera and 851 negative sera from a negative 
area. Sensitivity was listed at 97.6% and specificity at 
98.5%.

Specificity on individual GOAT sera

The negative goat sera obtained from a population of 
brucellosis-free goats originating from Greece. All sera 
were tested by rapid serum agglutination (Brucella Rose 
Bengal test) and gave a negative result. 

Result

# of Samples Test Negative Test Positive % Sp
92 92 0 100%

Sensitivity on individual GOAT sera

All positive sera results from goats originating from 
Greece were confirmed by isolation of Brucella spp.

# of Samples Test Negative Test Positive % Se
86 1 85 98.8%

Summary

These results are a sample of multiple validations done 
either internally by our company or by many authorities 
and researchers around the world. Please find more in-
formation in the following Review of Literature section.   
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USDA Conclusion on FPA Validation 

“The preceding evaluation of the FP test for brucellosis in cattle, bison, and swine satisfies prin-
ciples outlined by OIE for validation of diagnostic assays. In fact, this evaluation of a serologic 
assay for brucellosis is unprecedented. Many of the standard brucellosis tests have been approved 
under much less scrutiny than this FP test. To its credit, the FP assay has a transparent trail of 
published research that documents its accuracy and repeatability when used for cattle, bison, and 
swine.

The data from the various studies discussed herein clearly show that the FP test performs as well 
as or better than the conventional serological tests. In addition, it also is faster to perform, and 
the automated process removes much of the human error that potentially occurs with standard 
agglutination tests. Therefore, the FP test is approved as a screening or confirmatory brucellosis 
test for cattle, bison, and swine. As with other brucellosis tests, however, the results of the FP assay 
should be considered in the context of the epidemiologic evidence when evaluating disease status 
of an animal or herd.

Continued monitoring of the FP assay subsequent to its approval as an official test is recommend-
ed by the OIE. With the continued use of this test in the U.S. will come improved understanding of 
its use in controlling and eradicating brucellosis. Future research objectives might include deter-
mining optimal combinations of tests for detecting infected animals and not detecting uninfected 
animals, as well as determining optimal cutoff values for different population-prevalence levels. 
For example, it may be feasible in the future to maximize positive or negative predictive values in 
high or low prevalence situations by adjusting the cutoff value used for the test.

As with any diagnostic test, the FP assay requires that users carefully adhere to the testing pro-
tocol. Quality control is standardized for the FP through the use of negative and positive control 
sera. At a minimum, these controls must be analyzed daily. Furthermore, as new instruments 
become available, their accuracy must be evaluated before they are adopted for use in this assay.”

____________

This is a published summary of a multi year study done by USDA for the purpose of validating 
an FPA. It is published in 2003 and is still available on USDA’s website at:

http://www.aphis.usda.gov/animal_health/animal_diseases/brucellosis/downloads/fpa-val-
rpt.pdf


