Bovine Ocular Squamous Cell Carcinoma:
An Epidemiological Perspective

ABSTRACT

Epidemiological studies on bovine
ocular carcinoma were reviewed.
Reports on the frequency and the dis-
tribution of the disease indicate that it
is still a very prevalent and economi-
cally important disease. It is recog-
nized throughout North America, but
is more frequent in lower latitudes
under range conditions. Etiological
factors including ultraviolet light, cir-
cumocular apigmentation and viruses,
as well as the pathogenesis, are consi-
dered in light of current knowledge on
carcinogenesis of this tumor. It is
likely that the induction of bovine ocu-
lar carcinoma is multifactorial and the
precise roles played by each of the var-
ious factors are not yet understood.
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RESUME

Cet article présente une revue des
études épizootiologiques, relatives a
Pépithélioma spinocellulaire oculaire
bovin. Les rapports sur la fréquence et
la distribution du néoplasme révélent
qu’il est commun et revét une impor-
tance économique. Il sévit partout en
Amérique du Nord, surtout en basses
latitudes et dans les ranchs. Les
auteurs commentent, a la lumiére de
nos connaissances actuelles sur la car-
cinogénése de ce néoplasme, sa
pathogénése et ses divers facteurs étio-
logiques, & savoir: les rayons ultravio-
lets, 'absence de pigmentation pério-
culaire et les virus. Il semble que le
développement de I'épithélioma spi-
nocellulaire oculaire bovin dépende de
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plusieurs facteurs dont le rdle indivi-
duel demeure toujours obscur.

Mots clés: épithélioma spinocellulaire
oculaire bovin, épizootiologie, fré-
quence et distribution, susceptibilité,
facteurs étiologiques, pathogénése.

INTRODUCTION

Bovine ocular squamous cell carci-
noma (BOSCC) is the most common
malignant tumor affecting cattle in
North America. Control of this disease
would be of economic significance to
the beef and dairy cattle industries.

Characteristically BOSCC is an
invasive chronically progressing
tumor which metastasizes through
draining lymphatics of the head and
neck. It is a disease of high morbidity
which results in economic loss through
early culling and carcass condemna-
tion at slaughter. Typically, the carci-
noma arises from plaque and papil-
loma precursor lesions on and around
the epithelium of the eye. These lesions
occur most commonly at the corneo-
scleral junction and on the lower
eyelid.

Several studies have been concerned
with the pathogenesis of BOSCC in an
effort to better define the etiology of
the disease. In addition, BOSCC has
proven to be a convenient model from
which many therapeutic procedures
have been described. A recent review
has summarized these findings (1)
however, the epidemiology of BOSCC
remains poorly defined. The purpose
of this paper is to discuss the distribu-
tion and the determinants of BOSCC
as they are known to affect cattle pop-
ulations. Epidemiological data is
summarized in an attempt to define
more precisely the etiological factors

of this disease in order that rational
decisions for the study, prevention and
control of BOSCC can be made.

The majority of studies on BOSCC
have been observational studies. Only
a limited number of controlled exper-
iments have been performed in an
attempt to define the determinants of
BOSCC. In an epidemiological sense,
determinants are those factors which
influence health and disease. They
include any factor which, when
altered, produces a change in the fre-
quency or characteristics of the disease
(2). Much of the information on the
incidence of BOSCC has been derived
from studies based on records or
pathological submissions from feder-
ally inspected abattoirs.

FREQUENCY OF THE DISEASE

Abattoir surveys provide some
insight into the relative importance of
this disease based on proportional
morbidity rates. Russell er al (3)
reported that 829 of condemnations
for neoplasia at slaughter were due to
BOSCC. These high rates have been
supported by other studies in the Uni-
ted States (4). Records from US feder-
ally inspected packing houses esti-
mated that 12.6% of all bovine
carcasses condemned were due to
BOSCC (5). In Canada, nationwide
estimates of slaughterhouse studies
have not accurately estimated the pre-
valence of BOSCC. Since these lesions
are easily recognized on gross exami-
nation they are often not submitted for
histopathological interpretations and
hence not included in such studies
(6,7). However, an independent abat-
toir survey in Alberta included
BOSCC lesions and estimated that
66% of condemnations for neoplasia
in that province were due to this dis-
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ease. Twelve percent of all condemna-
tions in Alberta were due to BOSCC
(8), which correlates well with pre-
vious US reports (5).

The incidence and/ or prevalence of
BOSCC has been reported in numer-
ous studies. However, the actual inci-
dence rate in cattle herds is often diffi-
cult to assess. Estimates based on
slaughterhouse data vary from 0.2%to
0.98% (3,4,8). Prospective studies on
herds or retrospective studies using
herd records demonstrate considera-
bly higher rates, ranging from 4.4% to
5.6% (9,10,11,12,13). However, many
of these studies considered herds of
Hereford or Hereford cross cattle only
and hence it is difficult to extrapolate
from them.

Many factors influence the results of
investigations of tumor frequency,
particularly in abattoir studies which
generally provide prevalence data.
Care is needed in the interpretation of
these conclusions since the actual inci-
dence may be higher. For example,
some tumors are removed or treated
by veterinarians and are not recorded
in slaughtered animals. As well, natu-
ral deaths and disposal by producers
may occur and many older debilitated
cows may be preferentially shipped to
nonfederally inspected abattoirs. Stu-
dies which were based on gross identi-
fication rather than histopathological
confirmation of BOSCC may also be
misleading. As well, up to 50% of
precursor lesions in younger animals
may spontaneously regress (14).

Russell et al (3) estimated that
actual incidence rates may be as high
as two to four times the prevalence
that standard slaughterhouse data
would indicate. The time of year (cows
are culled after calves are weaned in
the fall), the age of cattle, the breed
and the type of beef animal processed
per plant and the geographical region
the survey was taken in, are all impor-
tant causes for variations in incidence.

The major intrinsic host factors of
descriptive epidemiology are age, sex
and breed. The occurrence of disease
at different levels of these factors is
best described by the use of incidence
rates. These figures provide estimates
of the risk (probability) of disease
occurrence with different levels of
these factors (15).

Most breeds of cattle are susceptible
to BOSCC, but it is well established
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that the Hereford breed and Hereford
crosses are more commonly affected.
French (14) examined over 300 mature
cattle, 150 were Shorthorn and the
remainder were Hereford; among the
Herefords he observed over 35% with
tumors or precursor lesions, but no eye
lesions occurred in the Shorthorn cat-
tle inspected. Anderson (16) presented
data on nearly 1,500 cattle of six dif-
ferent breeds and various Hereford
crosses. Of 696 purebred Herefords in
this group, 25.3% had “cancer eye” or
early lesions. Only 17.7% of 261 Here-
ford crosses and one Holstein out of
140 were observed with the disease.
Purebred Herefords accounted for
48.3% of the negative population and
no tumors were found in Angus, Short-
horn, Santa Gertrudis, or Scottish
Highland cattle (16).

Other reports confirm that Here-
fords have the highest incidence (13).
However, the interpretation of these
statistics must consider that Herefords
outnumber all other breeds of range
cattle (3). Cases of BOSCC have been
reported in Holstein-Friesian, Guern-
sey and Shorthorn cattle (17), Ayr-
shire, Brahman, Brown Swiss, Hol-
landensa, Javenese-Mongolian, Jer-
sey, Normandy cattle (3) and others
n.

Age, as with many other cancers, is
an important determinant. Cases of
BOSCC are extremely rare in younger
cattle;, BOSCC occurs primarily in
aged cows. In studying the disposal
records of cattle over a 21 year period,
Blackwell er al (18) reported finding no
cases of BOSCC in cattle less than four
years of age. The rate of culling
appears to increase linearily with age
until a peak age of incidence between
seven and nine years of age (3,5,16,19).
The decline in the incidence rate after
this peak may be due to a genetic pre-
disposition (19) or to managerial cul-
ling practices (5).

It is not known whether the sex of
the animal is an important factor in
this disease. The apparently greater
prevalence of BOSCC in cows results
from a normal sex-age imbalance in
herds of cattle. For economic reasons
steers are sent to slaughter, while
young and mature cows are kept for
breeding and stay in the herd as long as
they remain productive and healthy.
Since the disease is most prevalent in
older cattle, the majority of cases are

naturally among cows. There is no
scientific data to suggest that females
are more susceptible to BOSCC than
males of the same age.

DISTRIBUTION OF THE DISEASE

Many indications concerning the
etiology of BOSCC have been pro-
vided by the geographical distribution
of the disease. The occurrence of
BOSCC has been reported worldwide,
in Europe (20), Asia (21), Africa (22),
Australia (14) and South America
(23). The majority of studies, however,
have been made in North America
(3,8,13,16,17,18,24).

The frequency of BOSCC in the
USA is higher in the southwestern
region, geographically in lower lati-
tudes with higher levels of sunlight
(3,10,16). Similarly in Australia, the
frequency of BOSCC is higher in trop-
ical than in temperate climates (14),
following a pattern similar to that
shown for human skin cancer. Lower
incidence rates of BOSCC, as found in
the United Kingdom and other Euro-
pean countries, have been mentioned
(1,3,20). The distribution of range cat-
tle is not, however, geographically uni-
form. For example, in Canada the
majority of beef cows populate ranges
in the western provinces and this needs
to be considered when describing geo-
graphic risk of BOSCC.

INTERRELATIONSHIPS BETWEEN
HEALTH, DISEASE AND
SUSCEPTIBILITY

In considering the epidemiology of
the disease, many details may be
obtained by contrasting the character-
istics of herds having a relatively high
frequency of tumors to herds having a
lower frequency of BOSCC.

As noted, many investigators have
reported an increasing prevalence of
this condition with increasing age (5).
While the age pattern may reflect only
a need for prolonged exposure to car-
cinogens, it may also indicate bio-
chemical orimmunological alterations
which increase with age.

The deterioration of functional
body systems such as those controlling
electrolyte balance, urea level and pro-
tein synthesis or hemopoiesis impair
the capacity of animals to resist neo-
plastic disease. Exogenous substances
(such as drugs), or endogenous hor-
monal imbalances (glucocorticoids



(25)) may have generalized, nonspe-
cific immunosuppressive effects.
Other factors which may influence the
hosts general immunosurveillance and
must be considered besides age are:
concurrent disease, stress, dietary and
biochemical deficiencies.

In an attempt to identify biochemi-
cal defects in susceptible animals,
Cleaver et al (26) were unable to iden-
tify differences in susceptibility
between Hereford and Angus cattle.
By testing the hypothesis that BOSCC
was similar to xeroderma pigmento-
sum, a DNA repair defect in humans,
they were unable to demonstrate any
difference in the capacity of fibroblasts
from these two breeds to repair DNA
damage induced by exposure to ultra-
violet light.

Immunological investigations have
demonstrated by lymphocyte stimula-
tion tests that cattle with BOSCC are
immunocompetent (27,28). Curiously,
lymphocytes from carcinoma-bearing
and carcinoma-free Herefords differed
from Droughtmaster cattle (a breed
with a low prevalence of BOSCC) in
being more susceptible to ultraviolet
irradiation (29). This may partially
explain an increased prevalence, hence
vulnerability, to this tumor in circu-
mocular apigmented Herefords.

In a 20 year cohort study (16,30),
high levels of nutrition were correlated
with an increased incidence rate of
BOSCC. Cattle maintained on a min-
imal nutrition level had a lower rate of
BOSCC. Those maintained on high
levels, not only had a higher incidence
rate of tumors, but also a greater
number of affected sites per animal,
higher incidences at younger ages and
developed more progressive disease
(16). These findings indicate an appar-
ent physiological effect of high levels
of nutrition on tumor development.
Interestingly enough, in a genetic
study, cows which eventually deve-
loped ocular tumors, were not as
heavy as others in the first two years of
life. Roubicek and Ray (19) compared
the past range performance weights of
155 cows which had developed ocular
tumors to 250 cows in the same herd
which did not have tumors. They
demonstrated that on average, cattle
destined to develop tumors, weighed
less at a younger age (i.e. they weighed
less at weaning and 20 months of age).

Susceptibility to BOSCC has been

reported to be influenced by genetic
factors (9,14,16,19,31) and that the
Hereford breed is the most susceptible
(4,9,13,14,18). However, specific
genetic susceptibility for the Hereford
breed has been questioned because of
the past bias for Hereford cattle in the
beef industry (3) where Hereford or
Hereford cross-bred cattle outnumber
all other range cattle. Genetic studies
in BOSCC have been carried out to
evaluate two major aspects of inherit-
ance; specifically, inheritance of sus-
ceptibility independent of environ-
ment factors and the genetic relation-
ship between eye pigmentation and
BOSCC. In the past, most studies have
reported on the interrelationship
between environmental levels of ultra-
violet light and epithelial pigmenta-
tion as discussed under etiological fac-
tors of disease.

To date, all genetic research on
BOSCC concerned with the inbreed-
ing of affected cattle, has concluded
that offspring of affected sires and
dams have a higher incidence rate of
ocular lesions than contemporaries.
The heritability of BOSCC has been
estimated by several methods, based
on parent offspring (3,5,9,13,18), pat-
ernal, maternal half-sib studies
(5,13,18,19) and by breed comparisons
(13,16,18,32). Since several methods
have been used to estimate the herita-
bility of susceptibility, an overall
interpretation of these studies is diffi-
cult. However, the results of these stu-
dies consistently indicate a definite
genetic influence. Russell et al (5)
estimated the heritability of suscepti-
bility by using incidence rates as well
as the number of tumors per animal by
the paternal half-sib method. Tumors
of each affected cow were confirmed
cytologically. Bovine ocular squa-
mous cell carcinoma-affected sires
within lines of cattle had a significant
genetic effect on the development of
BOSCC lesions among offspring(5). It
has been estimated that 17 to 40 per-
cent of the phenotypic variability in
susceptibility to the disease is due to
the additive genetic differences among
cattle (5,9,29). Vogt er al (33) suggest
that although a significant genetic
influence exists, selection against the
disease would be very difficult because
of its late manifestation.

ETIOLOGICAL FACTORS AND
PATHOGENESIS

The etiology of BOSCC is still
poorly understood, however, it is
obvious that the interaction of many
factors is necessary for the sequential
progression of benign states to squa-
mous carcinoma (3). Of these, ultravi-
olet light (26,34), viruses (23,35,
36,37,38) and circumocular apigmen-
tation (5,14) are thought to play major
roles in the susceptibility, induction
and promotion in the carcinogenesis
of BOSCC (3).

Evidence for the participation of
solar radiation is derived from obser-
vations on the inverse relationship
between BOSCC and periocular
epithelial pigment, the most obvious
being eyelid pigment (9,10,14,31,39).
Since cattle have either pigmented and
nonpigmented periocular areas, the
effect of ultraviolet radiation on tumor
development in pigmented and non-
pigmented epithelium can be com-
pared. In a survey of 842 mature cattle
(39), 17.6% with no lid pigmentation in
either eye had tumor lesions. Individ-
uals with partially pigmented lids had
considerably fewer lesions and cattle
with completely pigmented eyelids had
acquired no BOSCC lesions. Observa-
tions on tumors which have developed
in partially pigmented eyelids have
concluded that lesions develop primar-
ily in the unpigmented areas, but may
soon encroach on pigmented areas as
they enlarge (14,31).

Estimates of the heritability of eye-
lid pigmentation in cattle have been
reported to be relatively moderate
(33,39), indicating a genetic predispo-
sition which could possibly be avoided
by conscientious breeding practices.
However, eyelid pigment itself does
not afford protection of more suscept-
ible corneoscleral epithelium (31,39),
since medial and lateral areas remain
exposed during sunlight hours. When
cattle hold their heads in certain posi-
tions, the sun’s rays focus at the lateral
or medial limbus (40). Lesions arise
most commonly at the corneoscleral
junction (3,5,17) and more often at the
lateral limbus than the medial side (5).
Respectively, the lower eyelid, nictitat-
ing membrane and medial canthus are
less commonly affected sites (3,5,17).
Although limbal pigmentation is also
heritable and appears to be genetically
related to lid pigmentation (16,33,39),
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it is not fully expressed as pigmented
epithelium until five years of age or
later (16). Hence, the inhibitory effect
of corneoscleral pigment on the occur-
rence of BOSCC lesions at this site are
not as obvious as the negative effect of
lid pigment on lid tumors. Generally,
breeds of cattle and individuals within
breeds differ in the amount and loca-
tions of periocular pigmented epithe-
lium. Any animal which lacks pigment
around these particularly sensitive
ocular sites is more prone to develop
BOSCC lesions. Therefore, it is appar-
ent that susceptibility to BOSCC is
partially mediated through pigmenta-
tion. This is apparently influenced
genetically. Thus, lack of pigmenta-
tion increases the vulnerability to the
carcinogenic effect of actinic radiation.

Chronic exposure to short wave-
length ultraviolet radiation, a compo-
nent of sunlight, has been implicated
in the predisposition to certain neo-
plasms in many species. In a retrospec-
tive study, Anderson and Skinner (10)
classified nine different herds, total-
ling nearly 5,000 Hereford cattle into
their geographical/environmental
groups based on altitude, latitude and
annual hours of sunlight. Each group
of three herds was further subdivided
into low, medium and high exposure
herds based on levels of sunlight expo-
sure. In each case, age-adjusted inci-
dence rates for each herd corres-
ponded to the levels of sunlight each
received, the highest having the grea-
test incidence of BOSCC.

To further substantiate the carcino-
genic effect of actinic radiation on
BOSCC development, Kopeckey et a/
(34) treated four Hereford cows with
daily doses of ultraviolet Beta radia-
tion (UV-B). Two other cows were
kept in the same controlled environ-
ment indoors but were not exposed to
the daily dose of radiation. Virus isola-
tion attempts were negative through-
out the experiment. At the end of the
one year period three out of four cattle
had developed BOSCC lesions; no
tumors were observed in the control
cows. To date, no follow up studies
have been reported.

The precise photocarcinogenic
mechanisms of UV-B in BOSCC are
unclear and can only be speculated
upon at this time. As mentioned pre-
viously, DNA repair is not impaired in
fibroblasts of BOSCC susceptible cat-
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tle (26). However, the production of
cancer by UV radiation may be
initiated through the efficient process
of DNA repair, enabling the cell to
survive DNA damage, but allowing
errors in DNA replication to persist
thus allowing for the possibility of
subsequent malignant change (41). As
well, reports are emerging which imply
a significant effect of UV light impair-
ing the host’s immune system and abil-
ity to defend against tumor develop-
ment (29,42,43,44). Finally, the
phenomenon of a latent ultraviolet-
induced viral activation and onco-
genesis (45) may be a significant event
in the pathogenesis of BOSCC.

Many other etiological determi-
nants have been proposed in the past.
Russell et al (3) noted that the irritat-
ing action of sand and dust, insects,
occurrence of “pink eye” and chemical
carcinogens as possible factors
involved in the genesis of BOSCC.
Indeed even eyeworms (Thelazia spp)
(22,46) and vitamin A (3,47) have at
one time been implicated as etiological
factors. However, there is no concrete
evidence, to date, to support the asso-
ciation of any of these specific factors
with BOSCC development.

A viral etiology has been suspected
for many years and several independ-
ent studies have demonstrated viruses
(23,35,36,37,38) or virus-like particles
in tumor tissue (48). In a study con-
ducted by Taylor and Hanks (38),
biopsy samples were collected from 32
animals in a Nevada abattoir. The
tumors used in the study included cor-
neal tumors in early and late stages, as
well as tumors excised from nictitating
membranes. The ratio of infectious
bovine rhinotracheitis (IBR) virus iso-
lates from these three sites of tumor
were 9:16, 2:11 and 4:5 respectively.
Attempts at isolating IBR virus from
twenty normal eyes was not successful.
Correlations of serum neutralizing
titers against IBR in normal cattle and
in cattle affected with eye tumors were
also reported in this study. In the nor-
mal group, serum neutralizing anti-
body titers were detected in the sera of
299% of 96 animals tested. In the second
group affected with BOSCC, serum
neutralizing titers were observed in
849% of 19 animals tested. These results
supported earlier observations of
“herpes-type” inclusion bodies re-
ported in histological studies of

BOSCC lesions (3). Reports which
identify an association between pre-
cursor plaque lesions and outbreaks of
IBR in cattle support these findings
(49). Alternately, this virus may be an
incidental result of reduced resistance
to viral infection in tumor-bearing
animals.

Conversely, Anson et al (50)
reported an inability to isolate viruses
from 31 tissue homogenates of
BOSCC. They concluded that pre-
vious isolation of IBR by other groups
were simply of passenger viruses since
most herpesvirus tumors yield infec-
tious virus only after induction by UV
light, steroids, or pH changes. This
study did, however, demonstrate
tumor cell-associated antigens which
reacted to herpesvirus 5 (DN-599)
antisera by indirect immunofluores-
cence on tumor cells grown in cell
culture.

Isolations of latent IBR and DN-
599 herpesviruses from the trigeminal
ganglion of clinically normal cattle
may be a significant observation for
etiological consideration of BOSCC
(51). Most recently papillomaviruses
have been identified by electron
microscopic examination of nega-
tively stained preparations of precur-
sor lesions of BOSCC (36).

A latent, ultraviolet light-activated
viral etiology for BOSCC is an intri-
guing but unproven hypothesis. Viral
isolations from ocular carcinoma or
associated precursor lesions do not
prove “cause” of the tumor. Indeed,
not only viruses, but also bacteria,
fungi and other parasitic agents are
common contaminants of these
tumors.

The pathogenesis of BOSCC is
sequential, progressing through a ser-
ies of benign and dysplastic states.
These benign precursors may persist,
spontaneously regress, or develop to
malignant squamous carcinoma (3).
Sequentially, the nonkeratinized strat-
ified squamous epithelium of cornea
and conjunctiva first develop into
grossly detectable hyperplastic plaques
which arise most frequently at the lim-
bal area. Later, these plaques may
progress into papillomas or proceed to
carcinoma in situ and into invasive
squamous cell carcinoma (1,3,17).
Precursor lesions which develop on
the lower eyelid usually arise at the
mucocutaneous junction. So-called



keratomas arise from these areas of
hyperkeratosis of the eyelid which his-
tologically resemble hyperplastic
plaques. Observations on the progres-
sion to papilloma at this site are rare. It
is felt that because of the dense cor-
neoscleral stroma, exophytic papillo-
mas develop there rather than at the
mucocutaneous junction of the eyelid
where keratomas and more infiltrative
acanthoses tend to preside. Variations
in the gross appearance of the lesions
at different periocular anatomical sites
has led to considerable confusion in
the nomenclature of BOSCC precur-
sor states. The gross appearance is
dependent on the anatomic location,
which dictates the interaction between
the affected epithelium and the under-
lying tissue. Despite these gross differ-
ences the lesion is consistently squa-
mous hyperplasia with hyperkeratosis
and acanthosis proceeding to dyspla-
sia with fibroplasia and eventually,
malignant transformation to squa-
mous cell carcinoma. The precise stage
or stages at which the putative etiolog-
ical factors act in the process of malig-
nant transformation are unknown at
this time.

CONCLUSIONS

Epidemiological studies have pro-
vided many clues about the causes of
neoplastic disease in general. As
information on a disease is assimi-
lated, such studies can be refined and
redirected towards the high risk sub-
population from which a more accu-
rate delineation of the etiological fac-
tors may be made. This process is
made more difficult when there are a
number of possible etiological
parameters. It is at this point that var-
ious hypotheses must be tested with
laboratory experiments and further
analytical methods.

The primary subpopulation of cattle
affected by BOSCC includes Hereford
cows over five years of age with poorly
pigmented circumocular epithelium,
which are grazed in geographical areas
with relatively high levels of actinic
radiation. Briefly, the phenomenon of
cancer occurring in older animals can
be explained by the prolonged expo-
sure required for the correct chance
interaction by multiple factors
required for tumorigenesis. Cows may

be more commonly affected simply
because of the female sex predomi-
nance in older cattle populations, not
necessarily because of a sex predilec-
tion of BOSCC for females. Herefords
are the breed most commonly affected
by this disease, not only because they
are the most common breed kept in an
environment favorable for BOSCC
development, but because they also
have a strong genetic trait for white
faces. The relationship between cir-
cumocular apigmentation and the
chronic tumor-stimulating effect of
actinic radiation is strong but evidence
is not yet conclusive.

Finally, the controversy concerning
viral oncogenesis in BOSCC is far
from settled. Many possibilities exist
as to the role such herpesviruses
and/or papillomaviruses may play in
the sequential development of benign
precursors and their progression to
squamous carcinoma. These suspi-
cions have largely been supported by
the phenomenon of tumor regression
when allogenous BOSCC extracts are
used. More seroepidemiological stu-
dies will have to be correlated with
immunopathological and DNA hybri-
dization studies before these hypo-
theses can be confirmed. To determine
causation by epidemiological studies is
difficult, however, information ob-
tained from such studies has provided
much insight and continues to provide
parameters for more fundamental
laboratory investigations.
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