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Case description
An indoor-only 6-year-old spayed female domestic cat 
was admitted to a local veterinary emergency clinic with 
a 4-month history of stertor and apparent upper respira-
tory distress in the absence of nasal discharge. Skull radio-
graphs revealed ill-defined soft tissue opacity within the 
caudal aspect of the left nasal cavity. Contrast-enhanced 
CT followed by rhinoscopy was recommended as part  
of the diagnostic work-up. Thoracic radiographs were 
unremarkable. A respiratory PCR panel for upper res-
piratory tract viral and bacterial pathogens was negative 
(IDEXX Feline Upper Respiratory Disease RealPCR 
Panel).

On physical examination, there was no ocular or nasal 
discharge, or nasal deformity, but diminished airflow 
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Abstract
Case summary An indoor-only 6-year-old spayed female domestic cat was evaluated for a history of stertorous 
respiration. Skull radiographs revealed increased soft tissue density within the caudal aspect of the left nasal 
cavity. CT and rhinoscopy revealed a mass lesion in the choana, plus a smaller lesion, nearly completely occluding 
flow through the nasal passages. Rhinoscopy was used to collect a biopsy specimen from a fleshy, tan–yellow 
mass visualized in the caudal nasopharynx. Histopathology was diagnostic for Cryptococcus species infection 
and systemic antifungal therapy with fluconazole was initiated. Following a series of discordant results, serum 
samples were submitted to a veterinary diagnostic laboratory that utilized a cryptococcal antigen latex agglutination 
system with pretreatment of serum with pronase. Twenty-three months after the initial diagnosis, the cat’s serum 
cryptococcal antigen titer declined to 1:5 and the cat has responded well to continuing treatment.
Relevance and novel information This case illustrates challenges associated with discordant test results 
for cryptococcal antigen among laboratories. Discordancies may be due to differences in assay design, or the 
underlying disease state itself, or whether serum is pre-treated with pronase; with some tests relying on the training 
and experience of the operator if the cryptococcal antigen detection test requires a subjective interpretation. It also 
resolves some confusion in the literature related to the assay types available and terminology used to describe 
them, and emphasizes the importance of considering cryptococcosis as an important differential for cats with 
upper respiratory signs, without nasal discharge, even if the cat is kept exclusively indoors.
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through both nostrils was noted. Tests for feline leuke-
mia virus antigen and feline immunodeficiency virus 
antibody were negative (IDEXX FeLV RealPCR Test/
IDEXX FIV RealPCR Test).

CT of the head revealed an approximately 1 cm well-
defined mass filling the lumen of the caudal nasopharyn-
geal canal and the rostral nasopharynx. Rostral to this, 
there was a 2 mm soft tissue nodule on the ventral aspect 
of the nasopharyngeal cavity. Rhinoscopy revealed a 
2 cm soft pale yellow-to-pinkish gelatinous mass in the 
choana, plus a smaller lesion caudal to the first lesion on 
the floor of the nasopharynx.

Before debulking, a large cryptococcal granuloma 
was noted, arising from the floor of the nasopharynx, 
on the anterior-most aspect of the soft palate; dorsal to 
the larger lesion was a smaller, similar-looking lesion, 
likely also a fungal granuloma (Figure 1). Post-debulking, 
there was a clear caudal nasal passage (Figure 2). 
Histopathology of a biopsy collected from the lesion 
revealed severe pyogranulomatous rhinitis with intrale-
sional fungi organisms consistent with Cryptococcus 
species (Figure 3). Throughout the inflammatory 
lesion there were numerous fungal organisms consist-
ing of a small central round body surrounded by a thick 
clear capsule. Some of these fungal organisms were 
within macrophages. Some fibroplasia was also present. 

Following excision of the cryptococcal mass, all respira-
tory signs resolved. Advanced imaging ruled out gross 
pathology in the central nervous system (CNS) and tho-
rax, and the cat was clinically well, which was a positive 
prognostic indicator. Treatment with fluconazole was 
initiated for 5 months (50 mg q12h PO).

Figure 1 Before debulking, a large cryptococcal granuloma 
was noted arising from the floor of the nasopharynx, on the 
anterior-most aspect of the soft palate. Dorsal to the larger 
lesion was a smaller, similar appearing lesion, likely also a 
fungal granuloma. In these retroflexed endoscopic views, 
ventral is at the top of the image and the left side of the 
patient is the right side of the image

Figure 2 Post-debulking image showing the anterior choana 
after the debulking and saline lavage, now showing a clear 
caudal nasal passage

Figure 3 Histopathology of a biopsy collected from the lesion 
revealed severe pyogranulomatous rhinitis with intralesional 
fungi organisms consistent with Cryptococcus species. 
Throughout the inflammatory lesion there are numerous 
fungal organisms consisting of a small central round body 
surrounded by a thick clear capsule. Some of these fungal 
organisms are within macrophages. Some fibroplasia was 
also present
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Discordant test results
Two months after initial CT and rhinoscopy, no recur-
rence of clinical signs was observed and a cryptococcal 
antigen titer was negative, using enzyme immunoassay 
(EIA: Meridian Premier Cryptococcal Antigen; Meridian 
Bioscience). Three months later, a second rhinoscopy 
was performed, with swab specimen collection from the 
nasopharynx for cytology. No evidence of Cryptococcus 
species organisms was identified at that time, EIA 
remained negative and the cat appeared clinically 
normal.

The cat received 7 months of fluconazole treatment, 
and based on the results of five consecutive assays, 
the serum cryptococcal antigen titer was reported to be 
negative 7 months after the initial presentation. At that 
time, a repeat rhinoscopy was performed and no evidence 
of cryptococcal disease was visually observed in the 
nasopharynx of the cat.

Based on five serial negative cryptococcal antigen 
detection tests for 7 months, the cat was considered to 
be disease-free after 7 months of treatment. However, 
before discontinuing antifungal drug therapy, one 
EIA-negative serum sample was submitted to another 
laboratory (IDEXX Laboratories) for serum latex-
cryptococcal antigen testing (IMMY LCAT), which 
reported a positive titer (1:512). Owing to these discord-
ant results, a serum sample was split and submitted to 
a veterinary laboratory specializing in fungal disease 
diagnosis (Mira Vista Veterinary Diagnostics). Mira 
Vista uses the cryptococcal antigen latex agglutination 
system (Meridian Bioscience CALAS) and reported a 
positive test result (1:32).

Alerted by these discordant test results, a split serum 
sample was subsequently submitted to Mira Vista and to 
the University of California – Davis (UC Davis Veterinary 
Diagnostic Laboratory). UC Davis Veterinary Diagnostic 
Laboratory uses serum latex-cryptococcal antigen test-
ing (IMMY LCAT) and the cryptococcal antigen lateral 
flow assay (IMMY CrAg LFA) as the reference standard. 
Both Mira Vista and UC Davis Veterinary Diagnostic 
Laboratory reported positive cryptococcal antigen titers 
for the cat, using Meridian CALAS, IMMY LCAT and 
IMMY CrAg LFA (Table 1).

Eight months after the initial presentation, CT was 
repeated because of reappearance of signs (head flicking 
and lip licking) that were originally observed when the 
cat was first diagnosed with cryptococcosis. The CT was 
unremarkable, and the cat’s plasma fluconazole con-
centration was in the therapeutic range (31.84 mcg/ml; 
testing performed at University of Texas Health Science 
Center at San Antonio, Department of Pathology and 
Laboratory Medicine, Fungus Testing Laboratory). Based 
on these findings, serial monitoring of serum crypto-
coccal antigen titer as determined using LCAT continued 
every 3 months and showed a progressive decline in 
titer (1:512 to 0) 23 months after initiation of antifungal 
treatment. When the titer reached zero, the IMMY CrAg 
LFA was performed, which was weakly positive (1:5 
using quantitative methodology). With the exception 
of temporary inappetence in the first week of flucona-
zole therapy, no adverse effects were reported during 
therapy. At all times, the cat appeared clinically normal. 
Regular monitoring has been scheduled and continuation 
of treatment is in place.

Table 1 Serum cryptococcal antigen test results (in chronological order)

Test date Enzyme 
immunoassay 
(Meridian 
Premier®
Cryptococcal 
Antigen)

Latex-
cryptococcal 
antigen test 
(IMMY LCAT):
first series of 
LCAT results

Cryptococcal 
antigen latex 
agglutination system
(Meridian CALAS®)

Latex-
cryptococcal 
antigen test 
(IMMY LCAT):
second series  
of LCAT results

Cryptococcal 
antigen lateral  
flow assay
(IMMY CrAg LFA)

Hospital admission
19 September

Negative  

13 November Negative  
6 February Negative  
17 April Negative 1:512  
22 April Negative  
29 April 1:256 1:32  
20 May 1:256 1:8  
1 July 1:16 1:32  
29 September 1:64  
30 October 1:64  
27 January 1:16  
4 May 1:4  
10 August 0 1:5
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Discussion
Cryptococcosis is the most common systemic fungal 
disease in cats worldwide.1–3 Feline cryptococcosis is 
caused by Cryptococcus neoformans–Cryptococcus gattii 
species complex with multiple genotypes and various 
subtypes.1,2,4 In cats, dogs and people, C neoformans and 
organisms that belong to the C gattii species complex, 
cause the majority of the disease.1,2 Published studies 
and case reports of feline cryptococcosis are globally 
abundant, mainly in the western USA, Canada, 
Australia and South America.2,3,5–17 Up to 25% of cases 
have been reported in cats with no outdoor access, 
presumably through contact with contaminated soil 
(eg, on shoes carried indoors) or aerosolized environ-
mental basidiospores.16,18 The most common sites 
affected by cryptococcal infection in cats are the nasal 
cavity, skin, lymph nodes, brain, meninges and eyes.1,3,16 
Inhalation of Cryptococcus spores through the nasal cav-
ity is suspected to be the primary site for infection, 
although the exact route by which domestic cats become 
infected is not fully known.1,3,10,16,19 Nasal infection in 
cats can manifest as a polyp-like mass or nasal deform-
ity, and results in chronic unilateral or bilateral upper  
respiratory signs (sneezing, nasal discharge), although 
infection can be subclinical.3,14,16 Once the respiratory 
system is infected, the organism can spread throughout 
the body via the bloodstream.1 After an incubation 
period that is considered highly variable (months to 
years), the infection may invade local tissue (eg, optic 
nerve to eye) or disseminate hematogenously to other 
sites (eg, heart, liver and thyroid).2,3,16 Widespread dis-
semination is more common in purebred dogs than in 
cats, possibly as a result of genetic immunodeficiency. 
This report reinforces the importance of considering 
cryptococcosis as a differential diagnosis for naso-
pharyngeal and oropharyngeal masses. Cryptococcosis 
is an important differential in cats with stertor and 
accompanying signs of upper respiratory discomfort 
(head shaking, lip licking).1,10,20 In the present case, CT 
and rhinoscopy of the nasal cavity was useful to rule-in 
fungal disease, and fungal infection was confirmed fol-
lowing cytological identification of the lesions located in 
the nasopharynx and oropharynx.21

Cytology is a minimally invasive way of diagnosing 
cryptococcosis because the number of yeasts in the nasal 
discharge specimen or aspirated lesion are normally 
high and the organism has distinctive morphology 
using light microscopy.1,21 In the present case, severe 
pyogranulomatous rhinitis with massive intralesional 
fungi organisms compatible with Cryptococcus species 
was diagnosed (with the most prevalent pathogen in 
cats in southern California being C gattii molecular type 
VGIII/Cryptococcus bacillisporus).16

Within the past few decades, diagnostic tools for inva-
sive fungal infections have continuously improved, and 

cultural methods, antigen testing and molecular tests are 
now widely used.22 The capsular polysaccharide anti-
gens of Cryptococcus species can be detected using vari-
ous commercially manufactured test kits, and guidelines 
for reporting of test results vary by manufacturer. The 
detection of cryptococcal antigen in serum and cerebro-
spinal fluid (CSF) by latex agglutination and EIA are 
rapid and have been documented to be both sensitive 
and specific.1,23

Reliable diagnosis is of utmost importance to deter-
mine optimal treatment durations.24 Rapid confirmation 
or exclusion of the diagnosis of cryptococcosis allows 
clinicians to adjust diagnostic and therapeutic strategies, 
and has the potential to hasten the diagnosis and reduce 
costs of investigation for many patients.25

Some serological tests that detect cryptococcal anti-
gen in serum are highly sensitive, ranging between 90% 
and 100%, with a specificity ranging between 97% and 
100%.3,8,13 Cats with cryptococcosis often have markedly 
increased antigen titers, although false negatives can 
occur with localized disease (nasal, ocular) and a negative 
result does not preclude diagnosis of cryptococcosis, 
particularly if only a single specimen has been tested 
and the patient shows clinical signs consistent with 
cryptococcosis.2,3,16,26 Thus, in a cat with lower antigen 
titers (⩽1:200), additional diagnostic tests are recom-
mended to confirm the diagnosis.3,27 During treatment, 
serial monitoring of serum cryptococcal antigen titers 
helps with monitoring a cat’s response to therapy; pro-
gressive disease is generally accompanied by increasing 
antigen titers.26,28 A favorable prognosis is associated 
with a decrease in antigen titer of at least one order of 
magnitude at the end of 2 months of treatment.29

The traditional LCAT measures circulating polysac-
charide antigen (glucuronoxylomannan) in plasma or 
serum, and provides evidence of invasive cryptococcosis 
with both high sensitivity and specificity.25,26 The accu-
racy of the procedure is dependent on preincubation of 
serum with pronase (typically included as part of the test 
kit) and heat inactivation to remove interfering factors 
capable of causing false results, including rheumatoid 
factor, which can result in false-positive agglutination, 
and opsonizing antibodies, which can trap cryptococcal 
antigen.25,26 Although the LCAT is well accepted and 
validated as a diagnostic tool in veterinary laboratories, 
the procedure itself is time-consuming and expensive, 
and requires a trained technician and access to special 
laboratory equipment.2,25

To overcome the limitations of latex agglutination 
(LA) testing for cryptococcal antigen screening, some 
reference laboratories in the USA perform EIAs, which 
allow for automation and a more objective interpretation 
of results. The EIA kit requires no specimen preparation 
beyond centrifugation; and, unlike some other crypto-
coccal antigen assays, it does not require preincubation 
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of serum with pronase. EIA-reactive samples can then 
be tested by the LA test to determine an endpoint titer 
in order to monitor a patient’s response to therapy.30

There has been some confusion in the veterinary  
literature related to the proper use of acronyms, trade 
names, trademarks, nomenclature and abbreviations, 
when referring either to the traditional latex cryptococ-
cal antigen agglutination test or to cryptococcal antigen 
latex agglutination system tests.

Meridian Bioscience owns a trademark on the abbre-
viated name of ‘CALAS’ for the detection of C neoformans 
antigen in serum or CSF, which is registered with the 
United States Patent and Trademark Office. As a result, 
the acronym of ‘CALAS’ should be identified with the 
‘Meridian Bioscience cryptococcal antigen latex aggluti-
nation system’ for the detection of C neoformans antigen 
in serum or CSF.

IMMY manufactures, markets and distributes only 
one LCAT and IMMY has never had any other version of 
this test available. IMMY refers to this test as the ‘IMMY 
LCAT’.

The traditional cryptococcal antigen latex agglutina-
tion system test is a quantitative serologic test to detect 
Cryptococcus species polysaccharide capsule antigen that 
is sensitive and specific for the diagnosis of cryptococ-
cosis in cats.2,16,26,31 The IMMY LCAT and Meridian 
CALAS (93–100% and 95%, respectively) have been 
reported to be more sensitive than EIA (55.6%) for the 
detection of cryptococcal antigen in human serum 
samples.32–34 This may be the result of the differences in 
the capture of antibodies used by different assays.32

The sensitivity and specificity for the IMMY LCAT in 
human medicine have been reported to be 97–100% and 
93–100%, respectively.34 The IMMY LCAT has previously 
been established as an accurate diagnostic instrument in 
dogs and cats, with a sensitivity of 95–98% and specific-
ity of 100%, respectively, when compared with diagnosis 
by fungal culture or microscopic identification of 
Cryptococcus species organisms in tissue fluids or biopsy 
specimens.1,2,16,26 It is considered to be among the most 
accurate diagnostic assays for the diagnosis of crypto-
coccal infections in animals and humans.2,16,26,32,35 
Because of the established high sensitivity and specific-
ity of the IMMY LCAT, the results of an IMMY LCAT 
assay for cats generally can be relied upon in a clinical 
setting.1,2,16,22,26

In addition to the IMMY LCAT and the EIA, other 
rapid antigen detection assays have been developed for 
cats, including immunochromatographic lateral flow 
assays (LFAs) and point-of-care (POC) cryptococcal 
antigen tests. POC cryptococcal antigen assays can pro-
vide veterinarians with a rapid, patient-side diagnosis, 
requiring <15 mins to obtain results, with minimal 
requirements for technical expertise, when compared 
with the traditional laboratory-based latex agglutination 

tests.2,25 LFAs are rapid, requiring <15 mins to obtain the 
results, can be performed at POC and have good agree-
ment with the IMMY LCAT in humans.2,32 Some studies 
also have shown improved sensitivity of LFA POC cryp-
tococcal antigen tests on sera collected from cats and 
dogs when compared with the IMMY LCAT.2 The sensi-
tivities and specificities for the cryptococcal antigen LFA 
in veterinary medicine (IMMY CrAg LFA) and CryptoPS 
(Biosynex) have been reported to be 92% and 80%, and 
93.2% and 94.9%, respectively.2,25 Although the diagnosis 
of cryptococcosis in cats with positive POC test results 
should be confirmed using additional testing, use of 
POC assays may lead to earlier diagnosis and treatment 
of cats with cryptococcosis, as an alternative to the tradi-
tional cryptococcal antigen testing assays. The LFA has 
great potential for use in veterinary medicine as a POC 
or field screening tool to quickly establish whether cryp-
tococcosis can be excluded as a diagnostic possibility in 
animals presenting with suspicious clinical signs, includ-
ing sinonasal disease, CNS disease or pneumonia.25 The 
LFA also offers semi-quantitative results based on line 
intensity patterns (1+ to 5+), which in one human study 
correlated with antigen titers of 1:10 (interquartile range 
[IQR] 1:5–1:20) for 1+, 1:40 (IQR 1:20–1:80) for 2+, 1:640 
(IQR 1:160–1:2560) for 3+ and 1:5120 (IQR 1:2560–
1:30720) for 4+.36

In this case, the IMMY LCAT and Meridian CALAS 
were performed according to the manufacturers’ 
protocols and included a pronase step. The IMMY CrAg 
LFA was performed according to the manufacturer’s 
protocol and does not require a pronase step. In some 
instances, pretreatment of serum with pronase has  
been reported to reduce the number of false-negative 
test results by eliminating non-specific interference.37 
Pronase, a proteolytic enzyme, degrades antibodies 
and other proteins that bind to and thereby mask the 
antigen, with the subsequent release of polysaccharide, 
resulting in a higher titer.37 The value of pronase in elimi-
nating false-negative results for serum samples has been 
demonstrated previously.8,26,34,37,38 Studies have shown 
increases in serum antigen titers in human patients, 
following treatment of serum with pronase, with 57–81% 
of samples showing higher titers after treatment with 
pronase and often by many dilutions.37 In the present 
case, the sensitivity of test kits that included pronase 
treatment of serum (IMMY LCAT and Meridian CALAS) 
were considerably higher than the kits that did not pre-
treat the cat’s serum with pronase. However, in this case, 
and for the cat’s first 7 months of antifungal therapy, 
there is no way of knowing whether any serum crypto-
coccal antigen titers reported using the automated EIA 
platform were true false-negatives because additional 
diagnostic testing was not ordered at that time to con-
firm the series of false-negative results. In addition, it is 
worth cautioning that a negative test does not exclude 
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the possibility of cryptococcal infection; and false-
negative reactions may be attributed to other interfer-
ing factors (eg, post-zone phenomenon, also known as 
the ‘hook’ effect, the presence of immunocomplexes 
preventing release of glucuronoxylomannan antigen) 
or in cats with localized disease.2,3,16,26,39,40 In the case 
presented herein, the manufacturer of the Meridian 
Premier Cryptococcal Antigen EIA test kit initiated an 
urgent voluntary medical device recall of three test kit 
lots between 17 December 2018 through 30 April 2020 
(United States Food and Drug Administration Class 2 
Device Recall: PREMIER Cryptococcal Antigen enzyme 
immunoassay [Recall number. Z-0732-2019], lot numbers: 
602096K089, 602096K090, 602096K091).

In the FDA Recall Notice, the manufacturer reported 
‘an enzyme reagent included in the kit is not maintain-
ing stability through claimed product expiration, result-
ing in the potential for false-negative results when tested 
with patient specimens and the positive control’. When 
contacted for further details, the laboratory that per-
formed the initial EIA confirmed the EIA test kits used 
for the cat’s serum specimens were not included in the 
FDA recall notice. False-negative cryptococcal antigen 
results, as with any test, are possible, and may be more 
of a reflection of the disease state itself. No serologic test 
is likely to be 100% reliable and there continues to be a 
requirement to further investigate suspicious cases that 
test negative with any assay.25

No prospective control studies exist on the treatment 
of feline cryptococcosis, and all data are based on ret-
rospective studies and case reports.1,10 Fluconazole is 
generally accepted as a first-line therapy for feline 
cryptococcosis because of its ability to achieve high tis-
sue concentrations in the brain and eye, which are often 
involved in nasal cryptococcosis.1,3,11,12,18 Fluconazole 
also has a low incidence of adverse effects.11,18 Azole 
monotherapy, using itraconazole or ketoconazole, 
and amphotericin B-containing protocols (for CNS 
involvement or disseminated diseases) have all been 
used to treat cats, although adverse effects are more 
common.1,10,18 Antifungal therapy is often required for 
months to years.8,13,41 Therapy should be continued until 
the serum antigen titer test becomes negative, or ideally 
at least two negative tests 1–3 months apart are obtained, 
although a negative titer does not preclude reinfection or 
relapse.1,39 The prognosis for cats diagnosed with nasal 
cryptococcosis is generally favorable.12,14,18

Inadequate therapy is indicated by stationary or 
rising titers on subsequent, sequential specimens.26 
However, in some treated patients, titers remain positive 
at low levels for extended periods during which the via-
ble organism itself can no longer be demonstrated.26 In 
some cases, and following cessation of antifungal medi-
cation, the residual titer may decline further suggesting 
that cryptococcal antigen arose from non-viable organ-
isms in those cases.26 A lag in decline of detectable 

cryptococcal antigen is not uncommon and may reflect 
the continued elimination of unviable organisms and cap-
sular material from infected tissues and macrophages.26 
In the present case, regular monitoring has been sched-
uled and continuation of treatment is in place.

Conclusions
Cryptococcus species infection is a life-threatening fungal 
pathogen of animals and humans. It should be included 
as an important differential for cats presenting with 
nasal disease. Cats might not have a classic presentation 
associated with cryptococcal infection (eg, nasal dis-
charge and nasal bridge distortion). Therefore, veterinar-
ians should be aware that an atypical presentation (head 
flicking and lip licking) with stertor may reflect localized 
or systemic Cryptococcus species infection in an other-
wise apparently healthy cat.

A critical strategy in reducing the morbidity and mor-
tality from feline cryptococcal disease is early diagnosis 
and prompt antifungal treatment. The availability of 
lower-cost POC assays for the detection of cryptococco-
sis, with higher sensitivity and specificity, may facilitate 
earlier diagnosis and management of cryptococcosis, 
although a false-negative can occur in cats presenting 
with localized disease. This report emphasizes the 
importance of selecting sensitive assays for detection of 
cryptococcal antigen to mitigate testing variabilities and 
discrepancies associated with different assays. It may be 
useful for a patient’s serum to be interpreted by the same 
laboratory (and ideally by the same operator) for conti-
nuity of testing because subjective interpretation of test 
results can differ widely depending on various factors, 
including test kit selection and operator differences. In 
the present case, had the cat’s veterinarian relied on the 
negative test results reported during the first 7 months 
of treatment, and without the performance of additional 
diagnostic tests, the cat’s antifungal treatment may have 
been terminated prematurely, leading to a potentially 
negative outcome, and even death. For these reasons, it 
is worth cautioning that additional studies are required 
to determine whether other mechanisms may also have 
contributed to the false-negative results in this case.
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Open Reports. Although not required, where ethical approval 
was still obtained, it is stated in the manuscript. 

Informed consent Informed consent (verbal or written) 
was obtained from the owner or legal custodian of all animal(s) 
described in this work (experimental or non-experimental 
animals, including cadavers) for all procedure(s) undertaken 
(prospective or retrospective studies). For any animals 
or people individually identifiable within this publication, 
informed consent for their use in the publication (verbal or 
written) was obtained from the people involved.
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