Primate Biol., 8, 37-42, 2021
https://doi.org/10.5194/pb-8-37-2021

© Author(s) 2021. This work is distributed under
the Creative Commons Attribution 4.0 License.

Primate
Biology

$$900y uadQ

Spontaneous (Hashimoto-like) chronic lymphocytic
thyroiditis in a rhesus macaque (Macaca mulatta)

Roland Plesker! and Gudrun Hintereder?

ICentral Animal Unit, Paul-Ehrlich-Institut, Langen, Germany
27entrallabor, Universititsklinikum Frankfurt, Frankfurt, Germany

Correspondence: Roland Plesker (roland.plesker @pei.de)

Received: 4 January 2021 — Revised: 19 April 2021 — Accepted: 28 April 2021 — Published: 1 June 2021

Abstract. A case of a female, 10-year-old rhesus macaque (Macaca mulatta) with spontaneous chronic lym-
phocytic thyroiditis is presented. At necropsy, the thyroid gland was slightly enlarged, with up to 2 mm large,
round, confluent, beige foci on the surface of both lobes. Histopathologic features resembled human Hashimoto’s
thyroiditis: multifocally, the interstitium was infiltrated by lymphocytes and variably sized lymphoid follicles. In
the pituitary gland, there were increased numbers of large, basophilic cells throughout the adenohypophysis. Us-
ing a human electrochemiluminescence immunoassay (ECLIA), no autoantibodies against thyroglobulin, thyroid
peroxidase, or thyroid-stimulating hormone receptor were detected.

1 Introduction and literature

In humans, the term “thyroiditis” encompasses many rela-
tively common thyroid disorders such as Hashimoto’s thy-
roiditis, painless postpartum thyroiditis, painless sporadic
thyroiditis, painful subacute thyroiditis, suppurative thyroidi-
tis, drug-induced thyroiditis, and Riedel’s thyroiditis. Among
these, Hashimoto’s thyroiditis, painless sporadic thyroiditis,
and painless postpartum thyroiditis all have an autoimmune
basis (Pearce et al., 2003). The mechanism for autoimmune
destruction of the thyroid involves both cellular immunity
and humoral immunity. Lymphocytic infiltration of the thy-
roid gland by equal numbers of B cells and cytotoxic T cells
is a common histologic feature of all forms of autoimmune
thyroiditis (Pearce et al., 2003).

Chronic lymphocytic thyroiditis (or Hashimoto’s thyroidi-
tis) is the most common inflammatory condition of the thy-
roid gland in humans (Guzman and Radi, 2007) and the most
frequent autoimmune thyroid disorder (Ragusa et al., 2019).
It is a condition characterized by high titers of circulating
antibodies to thyroid peroxidase and thyroglobulin (Slatosky
et al., 2000). Classically, in Hashimoto’s thyroiditis, the thy-
roid gland is enlarged and firm. Microscopically, the intersti-
tium of the thyroid is infiltrated by lymphocytes with some
plasma cells and macrophages, as well as variable degrees of
fibrosis. Lymphocytes organize into true lymphoid follicles,

with topological compartmentalization of T cells in the cor-
tex and B cells in the center, often displaying well-defined
germinal centers. In some areas, thyroid follicular cells (so
called Hiirthle cells) are enlarged and polygonal with subtle
granular eosinophilic cytoplasm and a vesicular nucleus with
one prominent nucleolus (Caturegli et al., 2014).

Spontaneous and experimentally induced chronic thyroidi-
tis has been described in a number of animal species includ-
ing dogs (Haines and Penhale, 1985; Benjamin et al., 1996),
rabbits (Rose and Witebsky, 1956), guinea pigs (Karesen and
Godal, 1969), rats (Noble et al., 1976; Kitchen et al., 1979),
multimammate mice (Solleveld et al., 1985), mice (Braley-
Mullen et al., 1999), chickens (Cole et al., 1968), and turkeys
(Plesch et al., 2014).

In contrast, little has been published about spontaneous
thyroiditis in nonhuman primates, despite a number of pub-
lications describing experimental thyroiditis in macaques
(Kite et al., 1965; Rose et al., 1965; Doebbler and Rose,
1966; Dumonde, 1966; Kite et al., 1966; Rose et al., 1966;
Andrada et al., 1968; Themann et al., 1968; Andrada et
al., 1973) and vervet monkeys (Pudifin et al.,, 1977). In a
cynomolgus macaque (Macaca fascicularis), a case of spon-
taneous chronic lymphocytic thyroiditis has been described
(Guzman and Radi, 2007). In this publication, a hyper-
trophic and hyperplastic adenohypophysis is additionally re-
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ported containing hypertrophied cells with abundant pale ba-
sophilic, sometimes vacuolated cytoplasm. These cells were
strongly positive for TSH in immunohistochemistry. In ad-
dition, a case of a Hashimoto-like chronic lymphoplasmo-
cytic thyroiditis in an African green monkey (Chloroce-
bus aethiops) was presented in the Armed Forces Institute
of Pathology (AFIP) Wednesday Slide Conference in 2008
(Conference 2, 10 September 2008, Case IV-08012). It gives
one of the more detailed descriptions of a chronic lympho-
cytic thyroiditis in nonhuman primates.

In a survey on 494 marmosets (Callithrix sp. and Saguinus
sp.), Levy et al. (1972) observed 40 cases of chronic thyroidi-
tis (8.1 %). They assumed a genetic component for the occur-
rence and noticed females to be more often affected. In one
case of a Silvery marmoset (Callithrix argentata), the patho-
histological changes in the thyroid mimicked Hashimoto’s
disease. Besides these descriptions, hints on the possible in-
cidence of chronic thyroiditis in nonhuman primates can be
found in a few necropsy surveys (Chamanza et al., 2010;
Guardado-Mendoza et al., 2009; Tucker, 1984; Chalmers et
al., 1983).

To our knowledge, no reports on spontaneous chronic lym-
phocytic thyroiditis have been published in rhesus macaques.
This report describes a case of a Hashimoto-like thyroiditis
in a 10-year-old rhesus macaque.

2 Animals and methods

2.1 Animal provenance

The affected animal was a female, 10-year-old rhesus
macaque (Macaca mulatta), born at the Paul-Ehrlich-Institut
in Langen, Germany, where it lived in an experimental indoor
facility. This animal was group-housed in accordance with
European and German animal welfare legislation (Directive
2010/63/EU and German “Tierschutzgesetz”). This monkey
was used for a preclinical safety study on oncolytic measles
virotherapeutics (Volker et al., 2013) 3 months prior to death.

2.2 Animal housing

The study animal was housed in a
300cm x 375cm x 225cm  steel cage. Large windows
allowed the monkey to watch the outside environment.
Natural branches, ropes, nets, bedding, mirrors, KONG
toys, puzzle feeders, Prima-Hedrons, music, and television
were supplied for environmental enrichment. The animal’s
diet consisted of monkey pellets ad libitum (Trio Munch®,
Special Diet Services/Mazuri Zoo Foods, Witham, England)
in the morning as well as seasonal vegetables and fruits
twice weekly in the afternoon. In addition, a mixture of
nuts, mealworms, rice, popcorn, and curd was offered to the
monkey sporadically.
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2.3 Clinical history

There were no clinical signs suggestive of a thyroid abnor-
mality.

2.4 Necropsy

Necropsy was performed immediately after the death of the
animal. Representative organs were fixed in a 4 % formalde-
hyde solution for 3d before processing. Paraffin embed-
ding of fixed tissues, preparation of 4um sections, and
hematoxylin—eosin (H&E) staining were carried out in ac-
cordance with standard procedures.

2.5 Immunohistochemistry

Immunohistochemistry was performed with 4 pym sections of
the tissues fixed in a 4 % formaldehyde solution and embed-
ded in paraffin. After antigen retrieval and blocking, sections
were incubated with primary antibodies directed against CD3
and CD20 (Dako-Agilent, Waldbronn, Germany) and were
visualized with the avidin—biotin complex technique with
alkaline phosphatase using Fast Red (Dako-Agilent, Wald-
bronn, Germany) as the chromogen.

2.6 Laboratory investigations

An electrochemiluminescence immunoassay test system for
humans (ECLIA; E170 module, Roche Diagnostics GmbH,
Mannheim, Germany) was utilized to evaluate thyroid-
stimulating hormone, free triiodothyronine, free thyroxin,
and antibodies directed against thyroglobulin, thyroid per-
oxidase, and thyroid-stimulating hormone receptor in serum
(Table 1). The test was performed 2 months after the
necropsy with banked serum. The serum of a healthy, age-
and gender-matched rhesus macaque was used as a control.

3 Results

3.1 Necropsy

At necropsy, the thyroid gland was slightly enlarged. Up to
2 mm in diameter, round to oval, confluent, beige spots were
present on the surface and cut section (Fig. 1). No patho-
logical abnormalities were detected macroscopically in the
remaining organs.

3.2 Histopathology

Microscopically, the thyroid gland was disrupted by mul-
tifocal areas of lymphocytic infiltration, in part confluent
with the interstitium (Fig. 2). Occasionally, areas of lym-
phocytic infiltration contained lymphoid follicles with dis-
tinct germinal centers (Fig. 3). Thyroid follicles ranged from
slightly enlarged to small or destroyed, and the latter were
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Table 1. Electrochemiluminescence immunoassay (ECLIA) thyroid parameters in a rhesus macaque with spontaneous chronic lymphocytic
thyroiditis compared to a control animal. mU denotes milli-units, and IU denotes international units.

Parameters tested in serum Equipment* Method  Affected monkey  Control monkey
Thyroid-stimulating hormone (TSH) Modular E170  ECLIA  0.01mUL™! 0.01mUL"!
Free triiodothyronine (fT3) Modular E170  ECLIA  3.4pgmL~! 43pgmL~!
Free thyroxin (fT4) Modular E170  ECLIA  0.5ngdL~! 0.7ngdL~!
Thyroglobulin antibodies (TG-AB) cobas 6000 601 ECLIA  19.6 TUmL™! 18.5TUmL"!
Thyroid peroxidase antibodies (TPO-AB) cobas 6000 e601 ECLIA  23.8 IU mL~! 29.7 ITUmL™!
Thyroid-stimulating hormone receptor cobas 6000 e601 ECLIA 030 IUL™! 0.79IUL"!

antibodies (anti-TSHR/TRAb)

* Roche Diagnostics GmbH, Mannheim, Germany.

Figure 1. Chronic lymphocytic thyroiditis in a rhesus macaque. The
thyroid gland is minimally enlarged, with multifocal to coalescing
beige foci.

frequently associated with regions of lymphocytic inflamma-
tion. A small amount of fibrosis was detected within the in-
terstitium of the gland.

Within the pituitary adenohypophysis, there were in-
creased numbers of larger cells with pale cytoplasm (ba-
sophilic cells) and a hypochromatic cell nucleus, as described
by Guzman and Radi in 2007 (Fig. 4).

No histopathological changes were identified in the other
organs.

3.3 Immunohistochemistry

Using immunohistochemistry, CD-3-positive T cells were
demonstrated in the cortex of the follicles, whereas CD-20-
positive B cells were found in the center of the follicles.

3.4 Laboratory investigations

Using a human ECLIA test system, no significant differ-
ences were noted between the affected and the control rhesus
macaque (see Table 1).

https://doi.org/10.5194/pb-8-37-2021

Figure 2. H&E stain of the thyroid gland of a rhesus macaque
with chronic lymphocytic thyroiditis: the thyroid gland is disrupted
by multifocal to coalescing foci of lymphocytic inflammatory infil-
trates.

4 Discussion

In humans, Hashimoto’s thyroiditis appears to be relatively
common, with approximately 5 % of Caucasians impacted.
Additionally, females are more frequently affected than
males (Pyzik et al., 2015). In contrast, few reports describe
spontaneous Hashimoto-like thyroiditis in nonhuman pri-
mates. Nevertheless, in the few documented cases (Guzman
and Radi, 2007; Levy et al., 1972; AFIP, 2008), females
were affected. In humans, clinical conditions may include
local manifestations such as compression of cervical struc-
tures, goiter, and/or systemic hypothyroidism (Caturegli et
al., 2014; Slatosky et al., 2000). Measurement of serum thy-
roid autoantibodies usually confirms the diagnosis. The three
main targets for thyroid antibodies are thyroglobulin, a pro-
tein carrier for thyroid hormones; thyroid microsomal anti-
gen (thyroid peroxidase); and the thyroid-stimulating hor-
mone (TSH) receptor (Dayan and Daniels, 1996). In the case
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Figure 3. H&E stain of the thyroid of a rhesus macaque with
chronic lymphocytic thyroiditis: focal lymphocytic infiltrates with

germinal centers within the tissue.
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Figure 4. H&E stain of the adenohypophysis of rhesus macaques
with chronic lymphocytic thyroiditis. Increased amount of large ba-
sophilic cells (arrows).

presented, there were no clinical signs suggestive of thy-
roid gland dysfunction. The human ECLIA detection system
failed to demonstrate the presence of autoantibodies. In prin-
ciple, the failure to demonstrate autoantibodies in this case
might be due to three different reasons:

1. the test designed for use in humans may not have had
adequate cross-reactivity with macaque antibodies;

2. it may be possible that some individual rhesus monkeys,
as noted in humans, do not demonstrate increased au-
toantibodies; and
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3. the stage of the disease was too early for the animal to
have developed autoantibodies at the time of necropsy.

In humans, a genetic predisposition to thyroid autoimmu-
nity exists and is inherited as a dominant trait (Dayan and
Daniels, 1996). In contrast, within the nonhuman primate lit-
erature, there is only one assumption of a genetic involve-
ment (Levy et al., 1972). These authors derived their assump-
tion from species- and strain-specific susceptibility to spon-
taneous thyroiditis.

Histopathological features of chronic lymphocytic thy-
roiditis in nonhuman primates are similar to those described
in humans. However, to our knowledge, autoimmune anti-
bodies in monkeys have only been experimentally induced
(Kite et al., 1966); thus, the term “Hashimoto-like” thyroidi-
tis has been applied in this case.

In our case, the rhesus macaque was previously experi-
mentally infected with a recombinant measles virus. It can-
not be totally excluded that this vector had an influence on
the disease induction and/or progression. However, similar
measles virus vectors have previous been used in several hu-
man clinical trials (Miihlebach, 2020; Packiriswamy et al.,
2020; Msaouel et al., 2018) and no thyroid effects were re-
ported.

Patients with autoimmune (Hashimoto’s) thyroiditis
have a negative feedback control mechanism within the
hypothalamus—pituitary—thyroid axis (Pandiyan and Mer-
rill, 2014). Hypertrophy and hyperplasia of cells producing
thyroid-stimulating hormone (TSH) in the adenohypophysis
are likely secondary to increased stimulus by the hypotha-
lamic thyrotropin-releasing hormone (TRH) and are consid-
ered an adaptive and compensatory response in an attempt
to maintain adequate thyroid function (Guzman and Rhadi,
2007), as seen in humans with long-standing primary hy-
pothyroidism and hypertrophy and/or hyperplasia of TSH-
producing cells of the pituitary gland (Scheithauer et al.,
1985). In a cynomolgus monkey (Macaca fascicularis) with
Hashimoto’s thyroiditis, Guzman and Radi (2007) described
epithelial cell hypertrophy and hyperplasia of the adeno-
hypophysis. Hypertrophied cells had an abundant pale ba-
sophilic, variable cytoplasmic vacuolation, and were strongly
positive for TSH by immunohistochemistry. The normal clin-
ical condition of this monkey and the hypertrophy and hyper-
plasia of pituitary TSH-producing cells are consistent with
normal output of T4 with elevated TSH, as expected in sub-
clinical hypothyroidism. In the case presented, no elevated
TSH levels could be confirmed in the laboratory investigation
(ECLIA). However, histopathologically, an increased num-
ber of larger cells with pale cytoplasm (basophilic cells) and
a hypochromatic cell nucleus was observed within the ade-
nohypophysis. Unfortunately, TSH secretion was not per-
formed, as material was not available to perform immuno-
histochemistry.

In humans, Hashimoto’s thyroiditis is sometimes associ-
ated with autoimmune-induced alterations in other organs

https://doi.org/10.5194/pb-8-37-2021



R. Plesker and G. Hintereder: Spontaneous chronic lymphocytic thyroiditis in a rhesus macaque 41

(Cardenas-Roldan et al., 2013). In our case, no pathologi-
cal findings were identified in the other organs examined —
except for the pituitary gland.

5 Conclusion

To our knowledge, this study is the first report of spontaneous
Hashimoto-like chronic lymphocytic thyroiditis in a rhesus
macaque (Macaca mulatta). Despite the microscopic similar-
ities to human cases, autoantibodies (thyroglobulin antibod-
ies, thyroid peroxidase antibodies, and thyroid-stimulating
hormone receptor antibodies) in this rhesus macaque were
not identified using a human ECLIA system.

Data availability. Remaining histological slides or paraffin-
embedded material is available from the corresponding author upon
reasonable request.

Author contributions. RP carried out the necropsy and the his-
tology; GH undertook the laboratory investigations.

Competing interests. The authors declare that they have no con-
flict of interest.

Acknowledgements. We thank Falko Schulze (Senckenbergis-
ches Institut fiir Pathologie, Frankfurt) for performing the immuno-
histochemistry.

Review statement. This paper was edited by Anne Lewis and re-
viewed by Kerstin Mitz-Rensing and Amanda Johnson.

References

AFIP: Wednesday Slide Conference (WSC 2008-2009), Confer-
ence 2, 10 September 2008, Case IV-08012 (AFIP 3103041),
available at: https://www.askjpc.org/wsco/wsc_showcase2.php?
1id=cWR30XU4VnFJYTh5VGRSNIhPc1FBdz09 (last access:
31 May 2021), 2008.

Andrada, J. A., Rose, N. R., and Kite Jr.,, J. H.: Experimental Thy-
roiditis in the Rhesus Monkey, IV. The Role of Thyroglobulin
and Cellular Antigens, Clin. Exp. Immunol., 3, 133-151, 1968.

Andrada, J. A., Comini, E., and Premachandra, B. N.: Studies on
Thyroid Immunity. VII. Splenectomy and Monkey Immune Thy-
roiditis: Thyroidal Function and Thyroxine Transport, Clin. Exp.
Immunol., 13, 303-326, 1973.

Benjamin, S. A., Stephens, L. C., Hamilton, B. F.,, Saunders,
W. J., Lee, A. C., Angleton, G. M., and Mallinckrodt, C. H.:
Associations between lymphocytic thyroiditis, hypothyroidism,
and thyroid neoplasia in beagles, Vet. Pathol., 33, 486494,
https://doi.org/10.1177/030098589603300502, 1996.

https://doi.org/10.5194/pb-8-37-2021

Braley-Mullen, H., Sharp, G. C., Medling, B., and Tang, H.: Sponta-
neous Autoimmune Thyroiditis in NOD.H-2h4 Mice, J. Autoim-
munity, 12, 157-165, https://doi.org/10.1006/jaut.1999.0272,
1999.

Cardenas-Roldan, J., Rojas-Villarraga, A., and Anaya, J. M.:
How do autoimmune diseases cluster in families? A sys-
tematic review and meta-analysis, BMC Med., 11, 73,
https://doi.org/10.1186/1741-7015-11-73, 2013.

Caturegli, P., De Remigis, A., and Rose, N. R.: Hashimoto thyroidi-
tis: Clinical and diagnostic criteria, Autoimmun. Rev., 13, 391—
397, https://doi.org/10.1016/j.autrev.2014.01.007, 2014.

Chalmers, D. T., Murgatroyd, L. B., and Wadsworth, P. F.: A
survey of the pathology of marmosets (Callithrix jacchus) de-
rived from a marmoset breeding unit, Lab. Anim., 17, 270-279,
https://doi.org/10.1258/002367783781062217, 1983.

Chamanza, R., Marxfeld, H. A., Blanco, A. L., Naylor, S. W.,
and Bradley, A. E.: Incidences and Range of Spontaneous
Findings in Control Cynomolgus Monkeys (Macaca fascicu-
laris) Used in Toxicity Studies, Toxicol. Pathol., 38, 642-657,
https://doi.org/10.1177/0192623310368981, 2010.

Cole, R. K., Kite Jr., J. H., and Witebsky, E.: Hereditary au-
toimmune thyroiditis in the fowl, Science, 160, 1357-1358,
https://doi.org/10.1126/science.160.3834.1357, 1968.

Dayan, C. M. and Daniels, G. H.. Chronic
mune thyroiditis, N. Engl. J. Med., 335,
https://doi.org/10.1056/NEIM199607113350206, 1996.

Doebbler, T. K. and Rose, N. R.: Experimental Thyroiditis in the
Rhesus Monkey, II. Precipitating, Haemagglutinating and Ana-
phylactogenic Antibodies, Clin. Exp. Immunol., 1, 159-169,
1966.

Dumonde, D. C.: Tissue-Specific Antigens, Adv. Immunol., 5, 245—
412, https://doi.org/10.1016/s0065-2776(08)60275-8,1966.

Guardado-Mendoza, R., Dick Jr, E. J., Jimenez-Ceja, L. M.,
Davalli, A., Chavez, A. O., Folli, F., and Hubbard, G. B.:
Spontaneous Pathology of the Baboon Endocrine System, J.
Med. Primatol., 38, 383-389, https://doi.org/10.1111/j.1600-
0684.2009.00384.x, 2009.

autoim-
99-107,

Guzman, R. E. and Rahdi, Z. A. Chronic Lym-
phocytic  Thyroiditis in a  Cynomolgus  Macaque
(Macaca  fascicularis), Toxicol. Pathol., 35, 296-299,

https://doi.org/10.1080/01926230701194229, 2007.

Haines, D. M. and Penhale, W. J.: Experimental thyroid autoim-
munity in the dog, Vet. Immunol. Immunopathol., 9, 221-238,
https://doi.org/10.1016/0165-2427(85)90073-x, 1985.

Karesen, R. and Godal, T.: Induction of Thyroiditis in Guinea-pigs
by Intravenous Injection of Rabbit Anti-Guinea-Pig Thyreoglob-
ulin Serum II. Studies with fluorescent antibody technique, Im-
munol., 17, 863-874, 1969.

Kitchen, D. N., Todd, G. C., Meyers, D. B., and Paget, C.:
Rat Lymphocytic Thyroidits Associated with Ingestion of
an Immunosuppressive Compound, Vet. Path., 16, 722-729,
https://doi.org/10.1177/030098587901600611, 1979.

Kite Jr., J. H., Rose, N. R., Kano, K., and Witebsky, E.: Cytotoxicity
of human thyroid autoantibodies, Ann. N.Y. Acad. Sci. 124, 626—
643, https://doi.org/10.1111/j.1749-6632.1965.tb18991.x, 1965.

Kite Jr., J. H., Argue, H., and Rose, N. R.: Experimental Thyroidi-
tis in the Rhesus Monkey, I. Cytotoxic, Mixed-agglutinating and
Complement-fixing Antibodies, Clin. Exp. Immunol., 1, 139-
157, 1966.

Primate Biol., 8, 37-42, 2021



https://www.askjpc.org/wsco/wsc_showcase2.php?id=cWR3OXU4VnFJYTh5VGRSNlhPc1FBdz09
https://www.askjpc.org/wsco/wsc_showcase2.php?id=cWR3OXU4VnFJYTh5VGRSNlhPc1FBdz09
https://doi.org/10.1177/030098589603300502
https://doi.org/10.1006/jaut.1999.0272
https://doi.org/10.1186/1741-7015-11-73
https://doi.org/10.1016/j.autrev.2014.01.007
https://doi.org/10.1258/002367783781062217
https://doi.org/10.1177/0192623310368981
https://doi.org/10.1126/science.160.3834.1357
https://doi.org/10.1056/NEJM199607113350206
https://doi.org/10.1016/s0065-2776(08)60275-8
https://doi.org/10.1111/j.1600-0684.2009.00384.x
https://doi.org/10.1111/j.1600-0684.2009.00384.x
https://doi.org/10.1080/01926230701194229
https://doi.org/10.1016/0165-2427(85)90073-x
https://doi.org/10.1177/030098587901600611
https://doi.org/10.1111/j.1749-6632.1965.tb18991.x

42 R. Plesker and G. Hintereder: Spontaneous chronic lymphocytic thyroiditis in a rhesus macaque

Levy, B. M., Hampton, S., Dreizen, S., and Hampton Jr., J. K.:
Thyroiditis in the marmoset (Callithrix spp. and Saguinus spp.),
J. Comp. Pathol., 82, 99-102, https://doi.org/10.1016/0021-
9975(72)90032-1, 1972.

Msaouel, P, Opyrchal, M., Dispenzieri, A., Peng, K. W,
Federspiel, M. J., Russell, S. J., and Galanis, E.: Clin-
ical Trials with Oncolytic Measles Virus: Current Status
and Future Prospects, Cancer Drug Targets, 18, 177-187,
https://doi.org/10.2174/1568009617666170222125035, 2018.

Miihlebach, M. D.: Measles virus in cancer therapy, Curr. Opin.
Virol., 41, 85-97, https://doi.org/10.1016/j.coviro.2020.07.016,
2020.

Noble, B., Yoshida, T., Rose, N. R., and Bigazzi, P. E.: Thyroid
antibodies in spontan-eous autoimmune thyroiditis in the Buffalo
rat, J. Immunol., 117, 1447-1455, 1976.

Packiriswamy, N., Upreti, D., Zhou, Y., Khan, R., Miller, A., Diaz,
R. M., Rooney, C. M., Dispenzieri, A., Peng, K. W., and Russell,
S. J.: Oncolytic measles virus therapy enhances tumor antigen-
specific T-cell responses in patients with multiple myeloma,
Leukemia, 34, 3310-3322, https://doi.org/10.1038/s41375-020-
0828-7, 2020.

Pandiyan, B. and Merrill, S. J: A patient-specific
model of the negative-feedback control of the
hypothalamus—pituitary—thyroid (HPT) axis in autoimmune
(Hashimoto’s) thyroiditis, Math. Med. Biol., 31, 226-258,
https://doi.org/10.1093/imammb/dqt005, 2014.

Pearce, E. N., Farwell, A. P, and Braverman, L. E.:
Thyroiditis, N. Engl. J. Med., 348, 2646-2655,
https://doi.org/10.1056/NEJMra021194, 2003.

Plesch, P., Schade, B., Breithaupt, A., Bellof, G., and Kienzle, E.:
Accidental finding of Hashimoto-like thyroiditis in male B.U.T.
6 turkeys at slaughter, J. Anim. Phys. Anim. Nutrition, 98, 875—
878, https://doi.org/10.1111/jpn.12150, 2014.

Pudifin, D. J., Duursma, J., and Brain, P.: Experimental autoimmune
thyroiditis in the vervet monkey, Clin. Exp. Immunol., 29, 256—
260, 1977.

Pyzik, A., Grywalska, E., Matyjaszek-Matuszek, B., and Rolin-
ski, J.: Immune Disorders in Hashimoto’s Thyroiditis: What
Do We Know So Far?, J. Immunol. Res., 2015, 979167,
https://doi.org/10.1155/2015/979167, 2015.

Primate Biol., 8, 37—42, 2021

Ragusa, F.,, Fallahi, P, Elia, G., Gonnella, D., Paparo, S. R.,
Giusti, C., Churilov, L. P, Ferrari, S. M., and Antonelli, A.:
Hashimoto’s thyroiditis: Epidemiology, pathogenesis, clinic and
therapy, Best. Pract. Res. Clin. Endocrinol. Metab., 33, 101367,
https://doi.org/10.1016/j.beem.2019.101367, 2019.

Rose, N. R. and Witebsky, E.: Studies on organ specifity. V. Changes
in the thyroid glands of rabbits following active immunization
with rabbit thyroid extracts, J. Immunol., 76, 417-427, 1956.

Rose, N. R, Kite Jr., J. H., Doebbler, T. K., Spier, R., Skelton, F.
R., and Witebsky, E.: Studies on experimental thyroiditis, Ann.
N.Y. Acad. Sci. 124, 201-230, https://doi.org/10.1111/j.1749-
6632.1965.tb18957 x, 1965.

Rose, N. R., Skelton, F. R., Kite Jr., J. H., and Witebsky, E.: Ex-
perimental Thyroiditis in the Rhesus Monkey, III. Course of the
disease, Clin. Exp. Immunol., 1, 171-188, 1966.

Scheithauer, B. W., Kovacs, K., Randall, R. V., and Ryan, N.: Pitu-
itary gland in hypothyroidism. Histologic and immunocytologic
study, Arch. Pathol. Lab. Med., 109, 499-504, 1985.

Slatosky, J., Shipton, B., and Wahba, H.: Thyroiditis: Differential
Diagnosis and Management, Am. Fam. Physician, 61, 1047—
1052, 2000.

Solleveld, H. A., Coolen, J., Haaijman, J. J., Hollander, C. F,
and Zurcher, C.: Autoimmune Thyroiditis. Spontaneous Au-
toimmune Thyroiditis in Praomys (Mastomys) coucha, Am. J.
Pathol., 119, 345-349, 1985.

Themann, H., Andrada, J. A., Rose, N. R., Andrada, E. C., and
Witebsky, E.: Experimental Thyroiditis in the Rhesus Monkey,
V. Electron Microcopic Investigations, Clin. Exp. Immunol., 3,
491-508, 1968.

Tucker, M. J.: A survey of the pathology of marmosets (Cal-
lithrix jacchus) under experiment, Lab. Anim., 18, 351-358,
https://doi.org/10.1258/002367784780865397, 1984.

Volker, 1., Bach, P., Coulibaly, C., Plesker, R., Abel, T., Seifried,
J., Heidmeier, S., Miihlebach, M. D., Lauer, U. M., and Buch-
holz, C. J.: Intrahepatic Application of Suicide Gene-Armed
Measles Virotherapeutics: A Safety Study in Transgenic Mice
and Rhesus Macaques, Hum. Gene Ther. Cl. Dev., 1, 1-12,
https://doi.org/10.1089/humc.2012.242, 2013.

https://doi.org/10.5194/pb-8-37-2021


https://doi.org/10.1016/0021-9975(72)90032-1
https://doi.org/10.1016/0021-9975(72)90032-1
https://doi.org/10.2174/1568009617666170222125035
https://doi.org/10.1016/j.coviro.2020.07.016
https://doi.org/10.1038/s41375-020-0828-7
https://doi.org/10.1038/s41375-020-0828-7
https://doi.org/10.1093/imammb/dqt005
https://doi.org/10.1056/NEJMra021194
https://doi.org/10.1111/jpn.12150
https://doi.org/10.1155/2015/979167
https://doi.org/10.1016/j.beem.2019.101367
https://doi.org/10.1111/j.1749-6632.1965.tb18957.x
https://doi.org/10.1111/j.1749-6632.1965.tb18957.x
https://doi.org/10.1258/002367784780865397
https://doi.org/10.1089/humc.2012.242

	Abstract
	Introduction and literature
	Animals and methods
	Animal provenance
	Animal housing
	Clinical history
	Necropsy
	Immunohistochemistry
	Laboratory investigations

	Results
	Necropsy
	Histopathology
	Immunohistochemistry
	Laboratory investigations

	Discussion
	Conclusion
	Data availability
	Author contributions
	Competing interests
	Acknowledgements
	Review statement
	References

