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Abstract

An 8-year old, male Rhesus macaque (Macaca mulatta) previously used for dengue virus vaccine
research with viral challenge, presented with adult-onset, chronic, cyclic thrombocytopenia.
Platelet number, morphology and function were evaluated by automated hematology, peripheral
blood smears, electron microscopy, flow cytometry, and impedance aggregometry. Bone marrow
was evaluated by cytology. Both, serum anti-dengue non-structural protein 1 (NS1) antibodies and
anti-platelet antibodies were detected by ELISA. Platelet characterization showed a lack of
aggregation to all agonists (ADP, ASP, and collagen), increased activation with increased
expression of surface marker (HLA-ABC), and an absence of surface receptor GPIX during
clinical episodes of petechiae and ecchymoses, even in the presence of normal platelet counts.
Bone marrow aspirates identified potential mild megakaryocytic hypoplasia. All platelet functions
and morphologic attributes were within normal limits during clinically normal phases. Presence of
anti-dengue NS1 serum antibodies confirmed a positive dengue virus titer 8 years post-
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vaccination. Based on the history and clinical findings, a primary differential diagnosis for this
chronic, cyclic platelet pathology was autoimmune platelet destruction with potential bone marrow
involvement.

Keywords
Autoimmune; ITP; Platelets; nonhuman primate

Case Presentation

An 8-year old, intact male, Chinese-origin Rhesus macaque (Macaca mulatta), imported to
the Massachusetts Institute of Technology (Cambridge, MA), presented with intermittent
episodes of lethargy, hematochezia, and diffuse petechiae and ecchymoses for a period of 2
years (Figure 1). This monkey’s prior research history included a dengue virus (DENV)
vaccine trial and viral challenge at 3-4 years old at another institution, and a minimally
invasive peripheral nerve study at the age of 5 years. These episodes occurred every 3-6
months, and typically lasted between 1-2 weeks. This macaque was off study during this 2-
year period of clinical signs and had no documented history of coagulopathies or
gastrointestinal disease. Abnormal physical examination findings during these episodes
included a grade V/VI sternal systolic heart murmur (normally a grade 11/V1), 5%
dehydration, and a mild enlargement of the left testicle without associated erythema, edema,
or pain. Thoracic and abdominal imaging revealed gas-distended descending colon and
diffusely fluid-distended small intestines. Abdominal ultrasonographic examination revealed
dilated and thickened irregular small intestinal walls. Repeat CBC and serum biochemistry
profiles performed during these episodes showed mild to severe thrombocytopenia (12-271
x 10° platelets/mL; Rl 293-479 x 10° platelets/mL), normal to moderate increase in mean
platelet volume (MPV) (6.9-16.1 fL; RI 6.73-11.07 fL), normal to marked leukocytosis
(5.28-25.1 K/uL; RI 5.16-14.28 K/uL), with an associated neutropenia or neutrophilia
(0.381-193 K/uL; R11.63-10.39 K/uL).1 The MPV was generally normal at the beginning of
an episode and then trended upwards over the following 2 weeks. Petechiae and ecchymoses
were sometimes present prior to the onset of a peripheral thrombocytopenia. Peripheral
blood smear analysis confirmed the thrombocytopenia with giant platelets, along with a 1-2+
toxic change, consisting of neutrophils with basophilic, vacuolated cytoplasm and Dohle
bodies, and a left shift, indicative of an inflammatory reaction. A rebound thrombocytosis,
420-508 x 106 platelets/mL, including large platelets with an MPV of 12.4-13.5 fL, was
identified post-episodes (Figure 2A-C).

Basic coagulation testing through IDEXX Laboratories (North Grafton, MA) and the
Comparative Coagulation Laboratory (Animal Health Diagnostic Center, Cornell University
College of Veterinary Medicine, Ithaca, NY) was performed when the macaque had clinical
signs with a platelet count ranging from 12-100 x 10° platelets/mL (Table 1). Not all tests
were performed during the same episode. Although there was a simultaneous prolongation
of PT and APTT, suggestive of a potential consumptive coagulopathic state, these were not
reproducible on multiple episodes. The serum lactate dehydrogenase (LDH) activity, and
von Willebrand’s factor (VWF) antigen and collagen binding assay were within normal
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limits, while the fibrinogen and buccal mucosal bleeding time (BMBT) were not
consistently elevated. The BMBT was performed when the monkey was clinically normal,
with a platelet count of 271 x 106 platelets/mL and ranged from 1.4-4 minutes. The lack of
schistocytes and spherocytes on the peripheral blood smears in addition to the normal LDH
activity suggested absence of disseminated intravascular coagulation (DIC) and thrombotic
thrombocytopenic purpura (TTP). The slight increase in fibrinogen could have been
suggestive of an underlying acute phase response. Although the BMBT was not consistently
prolonged?, potentially due to the non-standardized methodology of the use of the BMBT in
primates, the observed mild increase in BMBT was suggestive of a potential platelet-
dysfunction based coagulopathy, although a normal vVWF antigen level and collagen binding
assay level ruled out most types of VWF-based disease.

As a primary platelet defect was suspected, platelet morphology and function were evaluated
by flow cytometry, electrical impedance aggregometry (EIA), and electron microscopy
(EM). Blood was collected from either the femoral or saphenous vein into two 2.9-mL
sodium citrate (3.2%) (Sarstedt, Nlimbrecht, Germany) using the 2-tube technique. The first
sodium citrate tube was discarded to minimize the chance that endothelial and platelet
activation from the initial venipuncture would result in spurious biomarker readings. Two
control animals were age and sex-matched Rhesus macaques from the same room. Multiple
platelet tests were performed on the same day, from the same blood draw when possible.
The electrical impedance aggregometry analysis was performed within 4 hours of blood
collection using a multiplate analyzer (Roche Diagnostics Limited, Switzerland). Briefly, a
sample of whole blood was placed in a cuvette along with a platelet agonist (saline was used
as a negative control). The electrical impedance of the sample was then recorded by the
multiplate analyzer as a measurement of platelet aggregation. Due to time and sample
volume constraints, each sample was run once, with the exception of the experimental
subject, which was run in duplicate. Platelet function and activation testing was performed
both during a clinical episode (petechiae +/- ecchymoses) and when the subject was
clinically normal (absence of petechiae/ecchymoses). Care was taken to perform testing only
when the platelet count was near normal limits, = 263 and 300 x 10° platelets/mL,
respectively, to eliminate the chance of thrombocytopenia causing false results.

Platelet function testing by EIA indicated a lack of aggregation of the affected macaque’s
platelets to all agonists (diluted in sterile water) during the clinical phase, including
adenosine-5’-diphosphate (ADP, 2 uM), arachidonic acid (ASP, 50 pg/mL), and soluble calf
skin Collagen (Type I, 190 pg/mL) (BIO/DATA Corp., Horsham, PA), while the control
animal platelets and the platelets from the macaque during the non-clinical phase showed the
expected reaction (Figure 3).

Blood for flow cytometry analysis was mixed in a 2:1 ratio with PAMFix (Platelet Solutions
Ltd, Nottingham, UK), a fixative solution that is optimized for the measurement of human
platelet activation markers up to 9 days after blood collection, and whole blood collected in
sodium citrate. Platelets in whole blood were then analyzed within 48 hours of collection.3
Multicolor flow cytometry was performed on a BD FACS Calibur (BD Biosciences, San
Jose, CA). Platelets were identified by forward (FSC) and side scatter (SSC) in PAMFixed
whole blood and compensation completed with the aid of single color controls; all stained
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samples were compared to unstained and 1gG stained samples to set gates for positive
populations. Analysis of Mean Fluorescence Intensity (MFI) using FlowJo software
(FlowJo, LLC, Ashland, OR) revealed increased activation as evidenced by increased
expression of platelet surface markers (using anti-human antibodies CD62P clone AC1.2,
CDA40L clone 24-31, PAC1 clone PAC-1, HLA-ABC clone G46-2.6, HLA-DR clone L243),
as well as an absence of surface receptor GPIX (CD42a clone ALMA.16) during episodes,
even in the presence of normal platelet counts (Figure 4) (all antibodies except CD40L from
BD Biosciences; CD40L from BioLegend Inc., San Diego, CA).

Electron microscopy findings included distorted morphology with bulbar to tubule
cytoskeletal extensions and pseudopod formation, an indiscernible open canalicular system,
and decreased a-granule content, indicative of platelet activation (Figure 5).

Bone marrow aspirate cytology, along with peripheral blood smears (PBS), were submitted
to IDEXX and evaluated by a board-certified clinical pathologist. Bone marrow cytology
revealed an M:E ratio of 0.73:1.0, suggesting a mild increase in erythroid precursors with an
orderly and complete erythroid series, indicating normal maturation. Myeloid precursors
were present in adequate numbers with orderly and complete maturation. Despite a marked
peripheral thrombocytopenia, the megakaryocyte numbers did not appear to be increased,
there was no left shift and their morphology was unremarkable. It is important to note that
this particular bone marrow sample had a low number of unit particles preventing a
definitive interpretation. The CBC and peripheral smear revealed a marked
thrombocytopenia (12 x 108 platelets/mL) and a mild anemia (HCT 30.3%) with occasional
marked anisocytosis, low to moderate polychromatophilic cells, and rare nucleated red blood
cells. Electrical impedance aggregometry and electron microscopy were performed once,
and flow cytometry was performed twice when the animal was clinically normal, using the
same negative control animals. All platelet function and morphologic attributes were within
normal limits when the macaque was not having a clinical episode, as defined by a normal
platelet count and no hematochezia or petechiae/ecchymoses.

Given the history of hematochezia in this animal, testing for pathologic gastrointestinal
microbial and parasitic diseases was also performed to rule out infectious causes for the
hematochezia and systemic coagulopathy. The macaque was negative for fecal parasites by
Baermann sedimentation and flotation using both Sheather’s and zinc sulfate solutions. The
monkey was anesthetized and lower gastrointestinal (GI) endoscopy and biopsies revealed
eosinophilic colitis. Fecal cultures were negative for common bacterial pathogens including
Salmonella spp., Shigellaspp., Yersiniaspp., Campylobacter spp., and Helicobacter spp..
Enteropathogenic Escherichia coli (EPEC), serotype O-:H2, was identified based on
isolation and an intimin Gene (eag)-positive shiga-like toxin-negative PCR profile (£. coli
Reference Center, Penn State College of Agricultural Sciences, University Park, PA).# This
infection was treated with enrofloxacin (5 mg/kg PO BID) and later with metronidazole (15
mg/kg PO BID) as diarrhea persisted. This episode of diarrhea did resolve with
metronidazole treatment, although the monkey continued to have diarrhea during future
clinical thrombopathy episodes. The macaque was subsequently negative for pathogenic E£.
colion all fecal cultures. Subsequent lower Gl biopsies showed a lymphocytic-plasmacytic
ulcerative colitis. Upper Gl endoscopy and biopsies demonstrated minor gastric ulcerations
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with Helicobacter-like spiral organisms, which stained positive with silver stain. The 16S
rRNA PCR and sequencing, using previously published 16S rRNA based primers, confirmed
infection with Helicobacter suis.> Because H. pylori, the human gastric pathogen, has been
linked to thrombocytopenia in select patients, the monkey was treated with a H. pylori
eradication antibiotic therapy consisting of clarithromycin 15 mg/kg PO BID and
amoxicillin 20 mg/kg PO BID for 10 days, and omeprazole 0.6 mg/kg PO SID for 21 days.5
Antibiotic treatment for the H. suis infection did not resolve the coagulopathy and the
episodes of petechiae +/- ecchymoses recurred. Although there was negative silver staining
on gastric tissue collected during necropsy, 16S rRNA revealed that this antibiotic treatment
did not completely eradicate the Helicobacterinfection.

Due to the macaque’s previous research history of exposure to DENV and the association
between dengue infection and thrombocytopenia, the macaque was evaluated for the
presence of dengue virus and anti-dengue antibody.” Serum anti-dengue non-structural
protein 1 (NS1) IgG antibodies were detected by a commercially-available assay (GRF
Diagnostica, Jilin, China; IBL America, Minneapolis, MN) during all 4 different episodes
that were tested (Figure 6A), though PCR testing of serum for DENV was negative
(Zoologix Inc., Chatsworth, CA). The presence of anti-dengue NS1 serum antibodies in
absence of active infection confirmed a positive DENV titer 8 years post-vaccination.
Additionally, an in-house ELISA was performed to detect anti-NS1 I1gG specific to different
serotypes of DENV recombinant NS1 antigen (Native Antigen, UK). A specific assay for
anti-DENV1 NS1 antigen was also performed, as the monkey was vaccinated and
challenged with a DENV1 variant. We hypothesized that the monkey would be positive for
anti-DENV1 NS1 and potentially anti-DENV2-4 NS1 antibodies, as anti-DENV antibodies
have been shown to cross-react with other DENV serotypes.® Briefly, 96-well plates were
pre-coated with 100ng/mL recombinant NS1 from DENV serotypes 1-4. The samples were
then incubated in the wells for one h at 37°C, washed, and then incubated with 200ng/mL
biotinylated goat anti-Rhesus 1gG (H+L) (SouthernBiotech, Birmingham, AL) for one h at
37°C. The plate was then washed and read with a standard Horse radish peroxidase (HRP) -
conjugated streptavidin protocol. The positive control was serum from previously confirmed
DENV-1 infected Rhesus macaques (provided by Dr. I. Bosch), and the negative controls
were age- and sex-matched macaques from the subject’s colony. This ELISA confirmed the
presence of anti-DENV1 and DENV4 NS1 antibodies (Figure 6B). Although anti-DENV1
NS1 antibodies were present during both normal and clinical episodes, anti-DENV4 NS1
antibodies appeared to be higher during episodes. This could suggest that the anti-DENV4
NS1 antibody was related to the clinical bleeding episodes, with the antibody being cross-
reactive to a native antigen, such as platelet surface antigens.

Dengue virus infection has previously been associated with autoimmune thrombocytopenia.
910 To determine whether antibody- mediated platelet destruction was contributing to
platelet decline during thrombocytopenia episodes, the auto-platelet antibody content of
serum collected from the macaque during an episode was compared to normal controls. The
presence of auto-platelet antibodies during one of the clinical episodes was detected with the
PAK12G ELISA (Immucor Inc., Norcross, GA), while no auto-platelet antibodies were
detected in the normal controls or during the normal clinical phase. The PAK12G ELISA is
a commonly used assay in human medicine that has been validated for monkeys to detect the
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presence of anti-platelet antibodies!112; it has wells coated with many platelet antigens and
their associated polymorphisms, including GPlIb/Illa (HPA 1a/la, 3a/3a, 4a; HPA 1b/1b,
3b/3b, 4a; HPA 1a/la, 3b/3b, 4a), GPla/lla (HPA 5a/5a; HPA 5b/5b), GPIb/1X, and HLA.
Briefly, plasma or serum is incubated in the wells coated with the platelet-antigens, the wells
are then washed and anti-1gG antibodies are utilized to detect the presence of anti-platelet
antibodies. The affected monkey did test positive for anti-GPlIb/Illa (HPA-1a/la, 3a/3a, 4a)
platelet antibodies during the clinical episode tested. This finding suggests that there is a
potential autoimmune component to this macaque’s chronic recurring disease.

Over the next 3 years the macaque relapsed every 3-6 months; the clinical signs consisted of
petechiae, ecchymoses, and thrombocytopenia. Although steroids and immunosuppressive
therapy (prednisone, 1-2 mg/kg PO SID, and cyclosporine, 5 mg/kg PO SID) resulted in
partial resolution of the cinical signs of the episodes, but did not prevent the episodes from
recurring. Despite being on the therapies for up to 7 months at a time, a breakthrough
clinical episode usually occurred within 3-6 months. Due to the poor prognosis, euthanasia
was elected and performed. No significant pathologic findings were identified during
necropsy with the exception of multi-focal ecchymoses on the trunk and inguinal region and
mild left testicular enlargement. Terminal clinical pathology testing revealed a moderate
peripheral thrombocytopenia (33x108 platelets/mL), and cytology of the bone marrow, based
on a 500-cell count differential, showed an M:E ratio of 1.0:1.0. In the face of a marked
peripheral thrombocytopenia, the megakaryocyte number was decreased with infrequent
younger precursor stages and rare free megakaryocyte nuclei. The megakaryocyte
morphology was unremarkable. The myelogram was interpreted as normal for the erythroid
and the myeloid series, but with a megakaryocyte hypoplasia. Histopathology confirmed the
persistence of a mild, multifocal, subacute, lymphoplasmacytic colitis. The testicular
parenchyma appeared normal on histopathologic examination. Immunohistochemistry for
the detection of flavivirus envelope antigen (sc-58128, Santa Cruz Biotechnology Inc.,
Dallas, TX) was performed at 1:100 for 1 hr at 37°C, on paraffin-embedded immune-
privileged sites (the eye and testicle), as well as the bone marrow. Vero cells infected with
dengue virus type 2 (DENV2) were used as positive controls. All samples were negative for
flavivirus envelope antigen, indicating that there was no evidence of a current dengue virus
infection. The clinical findings in this case were consistent with a tentative diagnosis of
acquired, cyclic thrombocytopenia and platelet dysfunction — likely secondary to
autoimmune platelet destruction, with reversible bone marrow involvement.

Discussion

Here we report a Rhesus macaque with adult-onset, chronic, cyclic potentially immune-
mediated thrombocytopenia (ITP) with some associated platelet function deficits. Diagnosis
of platelet-based bleeding diatheses is often complicated, with ITP often being a diagnosis
of exclusion and identification of causative etiology frequently elusive. Reports of
thrombocytopenia in macaques (Macaca spp.) are rare and characterization of the associated
platelet pathologies challenging because of the need for highly specialized training and
equipment, the lack of species-specific reagents, and the time-sensitive nature of platelet
function testing. Immune-mediated thrombocytopenia has rarely been reported in the Rhesus
macaque.1314 In this case, in- depth testing of the macaque’s coagulation system and
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platelet morphology and function revealed potential primary platelet pathology alongside the
presence of auto-platelet antibodies.

Taken in combination, the functional and morphologic platelet abnormalities identified in
this case are not consistent with any specific primary platelet disease. The lack of
aggregation to all agonists during EIA testing along with a decrease of a-granules on
electron microscopy imaging is consistent with a rare genetic abnormality called Gray
Platelet Syndrome (GPS).15 The lack of GPIX platelet surface receptors during clinical
episodes was also a unique finding in this case. One differential diagnosis for decreased
GPIX expression includes abnormal megakaryo- or thrombopoiesis, consistent with another
rare genetic platelet disorder called Bernard Soulier’s Syndrome (BSS).16 Because this was
an adult-onset case of chronic thrombocytopenia, the likelihood of a congenital etiology is
highly unlikely. Another possible cause of these abnormal findings includes increased
platelet activation prior to imaging and testing — this could occur either /n vitro or ex vivo,
during phlebotomy and sample processing; however, normal macaque controls run
concurrently with the affected macaque’s platelets did not display aberrant platelet
activation.

It is important to take into account this macaque’s research history, including both the
experimental vaccination and live viral challenge with DENV. Dengue virus is a positive-
stranded enveloped RNA flavivirus that is transmitted by Aedes mosquitoes.1? It is endemic
in sub-tropical and tropical climates, such as much of South America, Puerto Rico, the
Caribbean Islands, Africa, and Southeast Asia, where the vector resides. Globally, the
infection rate for this virus has been estimated to be > 50 million infected people per year,
with the number of cases and geographic spread increasing presumably due to globalization
and climate change, which can both lead to expansion of the viral vector, the Aedes
mosquito.18 Although DENV clinical infection is usually self-limiting and manifests with
flu-like symptoms, some patients exhibit more severe clinical symptoms, resulting in
Dengue hemorrhagic fever (DHF) or Dengue shock syndrome (DSS), which accounts for
over 20,000 deaths per year.1® The pathogenesis of DENV infection is under active
investigation. Many hypotheses as to the cause of DHF and DSS have been proposed,
including endothelial damage resulting in inflammation, complement activation, and
increased vascular permeability, and bone-marrow suppression and auto-platelet antibodies,
resulting in thrombocytopenia.”9:10.20

The DENV vaccine development has made significant progress during the past 10 years,
resulting in several vaccines entering clinical trials.2 Importantly, the Rhesus macaque has
been and continues to be one of the most commonly used models for DENV infection and
vaccine development.22 This macaque tested positive for anti-dengue NS1 antibodies 8 years
post-vaccination and viral challenge. Nonstructural protein 1 antibodies have been shown to
be cross-reactive with platelet surface antigens, and may contribute to thrombocytopenia and
platelet dysfunction in DENV infection.?23 The virus has also inhibited megakaryopoiesis
in mouse models of infection, resulting in thrombocytopenia.?* An autoimmune mechanism
has been speculated to play a role in the pathophysiology, and perhaps, a part of the chronic
disease associated with DENV infection, including chronic ITP.2%26 |t is possible that in this
case, ITP and the platelet pathology resulted from the development and persistence of the
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anti-NS1 antibodies cross-reacting with platelets secondary to either vaccination or the
DENV viral challenge.

Antibody-dependent enhancement (ADE) is currently one of the leading hypotheses on the
pathogenesis of DHF and DSS. In ADE, preexisting anti-DENV antibodies from an initial
dengue infection bind to the antigens of a subsequent dengue infection of a different virus
serotype. The primary antibodies are incapable of neutralizing the new viral infection and,
instead, the antibody-virus complexes bind to monocytes, allowing for increased efficiency
of monocyte infection. This results in increased viral replication and a higher risk of a severe
dengue infection, accompanied by DHF and DSS.14 Although this monkey was not infected
twice with 2 different dengue serotypes, the monkey was exposed to a DENV1 mutant and
then challenged with the wild-type DENV1 virus. There is the possibility that the mutation
in the DENV1 virus could make the 2 exposures sufficiently diverse antigenically to result in
an antibody-dependent enhancement of platelet clearance. Although there is no definitive
proof at this time of the anti-DENV IgG cross-reacting with platelets in this monkey, this
possibility should be considered in future vaccine development and design of these vaccines
for proposed clinical trials.

Additionally, long-term persistence of clinical symptoms and immunologic disorders in
people has been documented subsequent to human DENV infection. Clinical manifestations
include general malaise, arthropathy, palpitations, rash, diarrhea, vaginal bleeding, and
gingivorrhagia.2” Many times, symptoms of autoimmune disease are not limited to one
organ. It is important to note that this macaque did have chronic lymphocytic-plasmacytic
colitis, despite the clearance of the pathogenic £. coliinfection. Additionally, an
enlargement of the left testicle was detected during many of the episodes, although no
abnormalities were detected on histopathology. Infection with DENV has been associated
with acute scrotal edema in human patients, although this has not been reported as a chronic
condition.28:29

In this case, a presumptive etio-pathologic basis for this chronic, cyclic platelet dysfunction
is immune-mediated platelet destruction with reversible bone marrow involvement. Based on
this macaque’s history, the platelet auto-antibodies and associated platelet pathology may be
associated with DENV NS1 antigen cross-reactive antibodies or it may be idiopathic; if it is
associated with the DENV NS1, we have not determined whether it is secondary to the
dengue vaccine or the viral challenge. Clinically, this immune-mediated condition may be
controlled but not cured, and the etiology of the cyclic nature of this condition is not well
understood. To our knowledge, this is the first reported case of chronic, cyclic, platelet-
dysfunction of this type in the Rhesus macaque; and the first reported case of chronic
platelet dysfunction after DENV vaccination and wild virus challenge in both the veterinary
and human literature.
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Figure 1.
Photographs of a macaque with multiple recurring thrompocytopenic and thrombopathic

episodes displaying diffuse petechiae and ecchymoses on the trunk and forelimbs (A).
Close-ups of the lesions on the medial aspect of the left brachium (B) and the medial aspect
of the right inguinal region (C).
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Figure 2.
Platelet morphology analysis of a macaque during a thrombocytopenic and -pathic episode.

Peripheral blood smear during thrombocytopenic episode showing lack of platelets (20%)
(A), and 3 weeks after episode showing a rebound thrombocytosis (20x) (B), and a giant
platelet (40x) (B, insert).
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Figure 3.
Electrical impedance aggregometry (EIA) of platelets from a macaque with multiple

recurring thrompocytopenic and thrombopathic episodes. Representative aggregometry
response tracings to stimulation by ADP of 2 normal control macaques (A and B) and the
affected macaque (C) during an episode. The red and blue lines in figures A—C represent
dual electrode measurements and are internal duplicates. Bar graphs of area under the curve
(AUC) for EIA responses to various agonists during an episode (D) show that the
thrombocytes of the affected macaque exhibit a decreased response to all agonists. Bar
graphs of AUC for EIA responses to various agonists during a clinically normal phase (E)
show a normal to increased response to all agonists (adenosine-5’-diphosphate [ADP, 2 uM];
arachidonic acid [ASP, 50 ug/mL]; and soluble calf skin Collagen Type I[Coll,190 pg/mL]).
Saline was used as a negative control for establishment of baseline activation.
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Figure 4.
> Representative images of platelet flow cytometry of various surface receptors in
g thrombocytes of a macaque with multiple recurring thrompocytopenic and thrombopathic
g episodes. The chart below shows the color-coding of the flow cytometry graphs and the
% presence of clinical signs and the coinciding platelets count. (A, P-selectin; B, HLA-ABC;
% C, PAC-1; D, CD40L; E, HLA-DR; F, GPIX). These graphs demonstrate a progressive
5 increase in surface protein receptor expression of HLA- ABC activation coinciding with the
9 presence of clinical signs and a decreasing platelet count (A-E), while GP1X receptor
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Figureb.
Electron microscopy images of thrombocytes of a macaque with multiple recurring

thrompocytopenic and thrombopathic episodes during a clinical episode (D) and a normal
clinical phase (E). The control is on the left panel and the affected monkey on the right
panel. Blue arrow, dilated open canalicular system; red arrow, dense granule; purple arrow,
alpha granule.

Vet Clin Pathol. Author manuscript; available in PMC 2018 June 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Frydman et al.

A

Page 16

Dengue virus IgG

0.7

0.6

0.5

- 0.4
B Serotype 1

o
0.3
WSerotype 4

0.2

0.1

Patient- Patient- Controll Control2
Episode Normal

Figure 6.
Anti-dengue virus non-structural protein 1 specific-Elisa results with recombinant antigen

from 4 different dengue virus (DENV) serotypes in the serum of the affected macaque
during 2 thrombocytopenic episodes (slightly positive IgG titer, red arrow) and a normal
clinical phase. Data indicate the presence of anti-DENV1 NS1 and anti-DENV4 NS1 IgG
(B), but not anti-DENV2 or DENV3. The control macaques were negative.
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Coagulation profile in a macaque vaccinated against and challenged with Dengue virus, and exhibiting clinical

episodes of chronic recurring thrombocytopenia and thrombopathy.

Coagulation Test Published Reference Range Episodel Episode2 Episode3
Platelet count®® (x 10%/mL) 289-475 15 1 126
PT (sec)3t 11.3-13.0 15.2 13.0 124
APTT (sec)! 20.2-23.8 26.0 223 26.7
Fibrinogen (mg/dL)32 100-300 542 241
LDH (1U/L)32 173-275 258
VWEF Collagen 45-198% 129%
Binding Assay33 >0.5 0.84
VWF Antigen33 55-200% 108%

VWEF indicates van Willebrand factor

RhesusRhesus
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