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A B S T R A C T 

 

Introduction 

 

Human herpesvirus type 1 (HSV-1), is a member of the Herpesviridae 

family, Alphaherpesvirinae subfamily and Simplex virus genus [1]. The 

HSV virions consist of four components, a core containing the virus 

DNA, an icosahedral capsid surrounding the core, the tegument that 

surrounds the capsid, and outer lipid bilayer envelope showing spikes on 

its surface. The isometric enveloped particles measure 120-200 nm of 

diameter [2]. The viral genome is composed of a linear double-stranded 

DNA molecule of 152 kbp in length and a GC content of 68% [3]. HSV-

1 is neurotropic, has a short replication cycle and is rapidly disseminated 

and causes lysis in culture of infected cells. Has a broad range of cross-

species infectivity with considerable variation in expression and disease 

Human herpesvirus type 1 (HSV-1), a Alphaherpesvirinae, has a broad range of cross-species infectivity 

with considerable variation in expression and disease severity among different hosts. Infection in humans, 

results in mild disease characterized by mucocutaneous lesions. In some species of nonhuman primates, 

however, the infection can be lethal. Transmission occurs through food contaminated by humans with labial 

herpes, offered to monkeys, constituting an important anthropozoonosis. In this study, we describe the 

occurrence of two outbreaks of encephalitis caused by HSV-1, occurring in the State of São Paulo, Brazil. 

The first outbreak affected a Brown howler monkey and three marmosets. The Brown howler monkey had 

tongue ulcers and enteritis and the marmosets were found dead without presenting clinical symptomatology. 

The second outbreak affected ten marmosets that were found dead suddenly in the enclosure without 

presenting symptoms or clinical signs. Organ fragments were processed for transmission electron 

microscopy, histopathology and inoculation in cell culture techniques. Ballooning degeneration, foci of 

monolymphocytic inflammatory reaction, corpuscle of eosinophilic inclusion, monolymphocytic meningitis 

and desquamative monolymphocytic enterocolitis, were the main lesions observed by histopathology. By 

the negative staining technique, enveloped and non-enveloped, herpesvirus particles were found, measuring 

120-200 nm in diameter in all samples of organ fragments. The presence of aggregates formed by antigen-

antibody complex, characterized the positive result obtained in the immunoelectron microscopy technique 

for HSV-1. Using the immunocytochemistry technique, the antigen-antibody interaction was strongly 

enhanced by the colloidal gold particles over the herpesvirus, confirming the presence of HSV-1. 

Intranuclear incomplete particles measuring 80-100 nm in diameter and complete or enveloped scattered in 

the cytoplasm, were visualized in ultrathin sections of liver and cell culture measuring 140 nm of diameter. 

Immature particles budding from cell membranes were also observed. In viral isolation in VERO cells, 

typical cytopathic effect was observed in brain samples. 
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severity among different hosts [4, 5]. HSV-1 establishes lifelong 

infection in the neurons of sensory and autonomic ganglia [6, 7]. 

Infection in humans, the natural host, most commonly results in mild 

disease, characterized by recurrent mucocutaneous lesions, such as 

herpes labialis, genital herpes, herpetic whitlow and keratitis [5]. 

Sporadic viral encephalitis is one of the complications following primary 

infection, associated with a high mortality rate and neurologic sequelae 

among survivors [8]. In some species of non-human primates, the 

infection can be lethal [4]. Transmission occurs by direct contact with 

mucosal surfaces, wounds, maternal milk or through of the food 

contaminated by humans with labial herpes, offered to monkeys, 

constituting an important anthropozoonosis [4, 9]. 

 

The disease affects the neurological system of the monkeys, causing 

prostration, lingual ulcers, and loss of balance, apathy and death [4]. 

HSV-1 shows 79% nucleotide sequence identity with monkey B virus, a 

zoonosis that results in encephalitis or neurological problems in humans, 

with the majority of monkeys being asymptomatic carriers [10]. 

Outbreaks of the disease have been reported in various parts of the world, 

as USA; Germany; Austria; Peru; Thailand; China; Japan and Espanha 

[4, 5, 11-17]. In Brazil, few reports describe the occurrence of HSV-1 in 

non-human primates, but all affecting marmosets (Callithrix jacchus and 

Callithrix penicillata) [6, 18-21]. 

 

In this study, we describe the occurrence of two outbreaks of encephalitis 

caused by human herpesvirus type 1, occurring in the State of São Paulo, 

Brazil, affecting a Brown Howler Monkey (Allouata guariba) and 

marmosets (Callithrix jacchus, Callithrix penicillata and Callithrix 

aurita) this latter framed into the threatened category of extinction. 

Callithrix aurita, endemic to the Atlantic Forest of southeastern Brazil, 

have suffered drastic population reduction due to the loss and 

fragmentation of their habitat mainly by competition and hybridization 

with invasive species [22]. 

 

Material and methods 

 

I Description of the Outbreaks 

 

The first outbreak was detected in August 2014, in an Ecological Park, 

in the State of São Paulo, SP, Brazil. The animals were kept in captivity. 

A Brown Howler Monkey (Aloutta guariba) and 3 marmosets (Callithrix 

sp., Callithrix penicilatta e Callithrix jacchus were affected. The Brown 

Howler Monkey had tongue ulcers and enteritis and the marmosets were 

found dead without presenting clinical symptomatology. Hemorrhagic 

and congested lungs and brains of the animals were observed at 

necropsy. The second outbreak, occurred in 2016. The animals were kept 

in captivity at a breeding located in São José dos Campos, SP, Brazil, 

with 40 animals. Ten marmosets (Callitrix aurita) were found dead 

suddenly in the enclosure without presenting symptoms or clinical signs. 

During the necropsy pulmonary and intestinal congestion was evidenced 

and the presence of free sero-sanguinolent liquid in the thoracic cavity.  

 

Organ fragments, kept on ice, were sent to the Electron Microscopy 

Laboratory of Biological Institute, to be processed for transmission 

electron microscopy by negative staining, immunoelectron microscopy, 

immunolabeling with colloidal gold particles and resin embedding 

techniques and tissues fixed in 10% formalin for histopathology 

(technique routine histological - H & E) and to the Laboratory of Rabies 

and Viral Encephalitis for inoculation in cell culture. 

 

II Histopathology  

 

i Routine Histological Technique  

 

All organ fragments (liver, brain, kidneys, lung and small intestine) of 

the animals were fixed in 10% buffered formalin, dehydrated, 

diaphanized and embedded in paraffin. 5 µm thick sections were stained 

with hematoxylin and eosin technique. 

 

ii Transmission Electron Microscopy  

 

a Negative Staining Technique (Rapid Preparation) 

  

In this technique, samples of organ fragments of monkeys were 

suspended in 0.1M phosphate buffer at pH 7.0. Drops of the obtained 

suspensions were placed in contact with metallic copper grids, 

previously covered with a film of 5% collodium amyl acetate and 

stabilized with carbon. Next, the grids were drained with filter paper and 

negatively stained with 2% ammonium molybdate at pH 5.0 [23-26]. 

  

b Immunoelectron Microscopy Technique  

 

In this technique, the copper grids, previously prepared with collodium 

film and stabilized with carbon, were first incubated with protein A 

(1ml/ml) placed in contact with the virus-specific antibody. After that, 

grids were washed with drops of phosphate buffer 0.1M at pH 7.0, 

incubated with the viral suspension of the all samples of organ 

fragments, washed with drops of distilled water and negatively stained 

with 2% ammonium molybdate at pH 5.0 [2, 23, 25, 27, 28].  

 

c Immunolabeling with Colloidal Gold Particles Technique 

 

At the immunolabeling technique with colloidal gold particles for 

negative staining, the copper grids were placed in contact with viral 

suspension of the samples of organ fragments and, after removing the 

excess with filter paper, the same were put on specific primary antibody 

drops. After further washing in PBS drops, the grids were incubated in 

protein A drops, in association with 10 nm colloidal gold particles 

(secondary antibody). Grids were then contrasted with 2% ammonium 

molybdate at pH 5.0 [29]. All grids submitted to the above reactions were 

observed in a Philips EM 208 transmission electron microscope, at 80 

kV. 

 

d Resin Embedding Technique 

 

Fragments of liver and cell culture were fixed in 2.5% glutaraldehyde in 

0.1 M, pH7.0 phosphate buffer and post-fixed in 1% osmium tetroxide 

in the same buffer. After dehydration in cetonic series, the samples were 

embedded in Spurr resin [30, 31]. Ultrathin sections were cut on the LKB 

ultratome and mounted on copper grids. The sections were contrasted 

with uranyl acetate-lead citrate [32, 33]. 
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e Inoculation in Cell Culture 

 

VERO cell monolayers were inoculated with a 20% brain suspension of 

all animals for observation of the cytopathic effect. 

 

 

Results 

 

I Histopathology  

 

i Routine Histological Technique (H&E) 

 

Histopathology revealed that the brain presented gliosis, 

neuroniophagia, corpuscle of eosinophilic inclusion (Figure 1), marked 

monolymphocytic meningitis, dilated and congested blood vessels 

(Figure 2). The liver showed areas of cytolysis in groups of hepatocytes 

with ballooning degeneration, karyolysis, foci of monolithic 

inflammatory reaction and necrosis (Figures 3 & 4). The kidneys showed 

areas of necrosis, marked tubulonefrosis and ballooning degeneration 

with hyaline material, interstitial hemorrhage with increased Bowman 

space. Lungs of 2 animals were hemorrhagic. There was also marked 

desquamative monolymphocytic enterocolitis. 

 

 

 

 

 

 

 

 

 

Figure 1: Photomicrography of brain. Corpuscle of eosinophilic 

inclusion. 630x. 

 

 

 

 

 

 

 

 

 

Figure 2: Photomicrography of brain. Monolymphocytic meningitis. 

Congestion of blood vessels under the meningeal area and gliosis. 200x. 

 

 

 

 

 

 

 

 

 

 

Figure 3: Photomicrography of liver. Areas of cytolysis in groups of 

hepatocytes with ballooning degeneration. 630x. 

 

 

 

 

 

 

 

 

 

Figure 4: Photomicrography of liver.  Monolymphocytic hepatitis and 

ballooning degeneration. 630x. 

 

II Transmission Electron Microscopy  

 

i Negative Staining Technique (Rapid Preparation) 

 

At the transmission electron microscopy all the samples were analyzed 

by negative staining technique and a great number of particles with 

similar morphology to isometric herpesvirus exhibits enveloped (Figure 

5, arrow) and non-enveloped particles (Figure 6) and showing 

nucleocapsids stain penetrated (Figure 6, big arrow) and non-stain 

penetrated (Figure 6, minor arrow), measuring 120-200 nm of diameter 

was observed.  

 

ii Immunoelectron Microscopy Technique  

 

In all organ fragments samples analyzed, the antigen antibody 

interaction was characterized by the aggregation of viral particles 

(Figure 6). 

  

iii Immunolabeling with Colloidal Gold Particles Technique 

 

In this technique, the antigen-antibody interaction was strongly 

enhanced by the dense colloidal gold particles over the herpesvirus in all 

samples of organ fragments (Figure 7, arrow), confirming the results of 

immunoelectron microscopy technique. 

 

iv Resin Embedding Technique 

 

Through the resin embedding technique, hexagonal nucleocapsids 

(Figures 8 & 9) measuring 80-100 nm in diameter and complete or 

enveloped particles (Figure 8) scattered throughout the cytoplasm were 

visualized in ultrathin sections of cell culture and liver of infected 

animals, measuring 150-170 nm of diameter. Immature particles 

budding from the cell membrane to form the envelope were also 

visualized (Figure 8). The presence of empty nuclei containing rounded 

chromatin masses was also observed (Figure 10).  

 

 

 

 

 

 

 

 

 

Figure 5: Negatively stained of enveloped herpes virus particles, 

showing envelope covered by spikes (arrow). Bar: 85 nm. 
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Figure 6: In the immunoelectron microscopy technique the type 1 

herpesvirus particles were aggregated by antigen-antibody complex. 

Observe nucleocapsids stain penetrated (big arrow) and non-stain 

penetrated (minor arrow). Bar: 260 nm. 

 

 

 

 

 

 

 

 

 

 

Figure 7: Antigen-antibody interaction strongly enhanced by the dense 

gold particles over the type 1 herpesviruses (arrow). Bar: 200 nm.  

 

 

 

 

 

 

 

 

 

Figure 8: Ultrathin section of cell culture. Observe: hexagonal 

nucleocapsids (big arrow), enveloped particles (minor arrow) and 

immature particles budding from the cell membrane to form the envelope 

(blue arrow). Bar: 570 nm. 

 

 

 

 

 

 

 

 

 

Figure 9: Ultrathin section of cell culture. Hexagonal nucleocapsids 

scattered throughout the cytoplasm (arrow). Bar: 300 nm. 

 

v Inoculation in Cell Culture 

 

The herpesvirus was isolated in Vero cells in brain samples from the 

marmosets and the cytopathic effects observed were, cells decrease with 

rounding, refringence and detachment in 2 days. 

 

 

 

 

 

 

 

 

 

 

Figure 10: Ultrathin section of cell culture. Observe empty nuclei 

containing rounded chromatin masses (arrow). Bar: 1600 nm. 

 

Discussion 

 

During the occurrence of outbreaks caused by human herpesvirus type 1 

in non-human primates of the species Allouata guariba, Callitrix 

penicillata, Callitrix jacchus and Callitrix aurita, the diagnosis was 

made through the application of techniques of the histopathology, 

inoculation in cell culture and transmission electron microscopy. The 

brown howler monkey (Allouata guariba) had whitish vesicular lesions 

on the soft palate and ulcerative tongue, as well as enteritis, severe 

emaciation, prostration and death. Similar symptoms and signs have also 

been described by other researchers in other species of monkeys infected 

with HSV-1, Callitrix penicillata; Callitrix jacchus; Aotus nancymae; 

Callitrix pygmaea; Aotus azarae ; Gorilla beringei graueri; Alouatta 

caraya; Pithecia pithecia; and Macaca mullata [5, 11-14, 16-18, 20, 21, 

34-37].  

 

Other symptoms have also been described, such as, dehydration in 

Pithecia pithecia and in Hylobates a. agilis, vomiting, serous nasal and 

ocular discharges in Callitrix jacchus, dyspnea and eye discharge in 

Callitrix pygmaea , eyebrow, tail and scrotum lesions in Aotus 

trivigartus, dyscoria in Aotus nancynae, and various neurological signs, 

such as, convulsion in Pithecia pithecia, Callitrix jacchus, Callitrix 

penicillata , Hylobates lar and in Aotus trivirgatus, wrist folding and 

myoclonus in Hylobates a. agilis, hind limb weakness in Aotus 

trivirgatus, horizontal nystagmus in Alouatta caraya , tic-like symptoms 

in Callitrix jacchus, disorientation, ataxia and paresis in Hylobates lar, 

and profuse salivation in Hylobates a. agilis, Calitrix pygmaea, Callitrix 

jacchus and in the latter associated with aggressive behavior [4, 12-14, 

16, 17, 20, 35-39]. Antibodies to HSV-1 were detected in healthy 

monkeys (gorillas, chimpanzees, orangutans and gibbons) [40, 41]. 

 

The marmosets of our study (Callitrix sp, C. penicillata, C. Jacchus and 

C. aurita) were found dead suddently in the enclosure without presenting 

symptoms or clinical signs. This profile has also been reported in other 

studies related to HSV-1, in P. pithecia and in C. jacchus [36, 39]. The 

histopathological findings that we visualize in the brains of the animals 

corroborate with those of other reports regarding the presence of gliosis, 

neuroniophagia, eosinophilic inclusion corpuscle, monolymphocytic 

meningitis and dilated and congested blood vessels [4, 11, 16, 17, 20, 21, 

35-39, 42]. We observed that the kidneys of the monkeys presented areas 

of necrosis, marked tubulonefrosis and ballooning degeneration with 

hyaline material, interstitial hemorrhage with increased Bowman space. 

The kidneys of the A. trivirgatus, C. peniciliata and the A. nancymae, 

também showed signs of necrosis and inflammation [14, 21, 39]. 
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Casagrande et al. found multinucleated syncytial cells in the kidneys of 

C. jacchus and C. penicillata [9]. 

 

In the liver of all animals we found areas of cytolysis in groups of 

hepatocytes with ballooning degeneration, caryolysis, foci of 

monolymphocytic inflammatory reaction and necrosis, histopathological 

aspects also verified in the liver of the P. pithecia, Callitrix spp., C. 

jacchus , A. azarae and in the A. trivirgatus [11, 12, 36, 39, 42]. 

Schrenzel et al. and Kik et al. found that the hepatocytes of the P. 

pithecia and P. pygmaeus presented numerous eosinophilic intranuclear 

inclusions [37, 43]. Histological examination of the oral lesion of the G. 

beringei graueri showed the presence of inclusion bodies and ballooning 

degeneration [34]. We found that the non-human primates lungs were 

congested and hemorrhagic, whereas the presence of emphysema 

alveolar and lymphoplasmacytic inflammatory infiltrate was described 

in Callitrix spp, C. jacchus and in C. penicillata by Longa et al. and by 

Casagrande et al., respectively [20, 42]. 

 

We also noted the presence of marked desquamative monolymphocytic 

enterocolitis in the small intestine of the primates of our study, which 

was also reported in the intestine of Alouatta caraya by Barnes et al., in 

the intestine and stomach of C. jacchus and C. penicillata by Casagrande 

et al. and A. azarae by Kreutzer et al. [11, 20, 35]. Fan et al., however, 

stated that in the structural damage was observed in the brain and other 

organs of the M. mullata inoculated with HSV-1 [15]. These authors 

suggested that HSV-1 infection was capable of inducing vesicular 

lesions in the oral skin or mucosa of mediating viral replication at least 

in nervous tissues through an unknown mechanism without pathological 

damage. 

 

The herpesvirus was isolated in Vero cells in brain samples from the 

marmosets and the cytopathic effects observed were, cells decrease with 

rounding, refringence and detachment in 2 days, aspects also observed 

in other studies of HSV-1 in C. jacchus, Hylobates a. agilus and in M. 

mulatta [13, 15, 38]. To the transmission electron microscope, we 

visualized by means of negative staining, typical particles of herpesvirus, 

isometric, exhibits enveloped and non-enveloped particles, showing 

nucleocapsids stain penetrated and non-strain penetrated, measuring 

120-200 nm of diameter. There is no reference in the literature about the 

use of this technique for the identification of human herpesvirus type 1 

in monkeys.  

 

This technique, however, has been widely used to detect herpesvirus 

particles in other animal species such as bovine, swine, feline and avian 

[44-50]. The morphological characteristics that we described were also 

mentioned by these authors. The negative staining technique was also 

used for the rapid diagnosis of human herpes simplex virus infections 

and to differentiate the poxviruses from herpesviruses in protocol for 

rash illness [51, 52]. Likewise, we have also found no reports about the 

application of the immunoelectron microscopy technique used to 

demonstrate the presence of aggregates formed by antigen-antibody 

interaction for type 1 human herpesvirus (HSV-1) in samples from organ 

fragments of infected monkeys and in cell culture supernatant infected 

with herpesvirus positive monkey brain. 

 

The immunoelectron microscopy technique was used to agglutinate 

herpes virus particles in swine semen and in organ fragments of the 

parrots [49, 53]. This technique was also employed to study the capsids 

protein (NC1) and (NC2) of the human HSV-1 [54].The 

Immunolabeling with colloidal gold particles in negative staining 

technique showed in all samples of the organ fragments and cell culture 

supernatant extensive marking particles with colloidal gold, obtaining 

confirmation of the viral strain (HSV-1). Although the technique was not 

found in the literature to serotype HSV-1 in monkeys, it was used to 

identify HSV-1 UL56 protein, possibly involved in virus-host 

interaction, to label conserved epitopes of simian herpesvirus SA8 and 

bovine herpesvirus type 2, to study morphological aspects of mouse 

thymic viruses and to differentiate between herpes simplex virus (HSV) 

and varicella-zoster (VZV), since viral culture and standard serological 

tests failed to prove VZV infection [2, 54, 55-58]. 

 

In ultrathin sections of liver and cell culture of the infected animals, we 

visualized the presence of incomplete particles or hexagonal 

nucleocapsids, measuring 80-100 nm in diameter and complete or 

enveloped particles scattered throughout the cytoplasm, measuring 140 

nm of diameter. This morphological description was also mentioned by 

other authors in HSV-1 research in the liver of the Pongo p. pygmaeus, 

Aotus azarae and Pithecia p. pithecia, in the neurons of the Alouatta 

caraya , in the tongue of the Callithrix jacchus, in the lesions of the 

Gorilla b. graver and in the lung of the Gorilla g. gorilla [11, 12, 34, 35, 

37, 43, 59]. In these ultrathin sections, were visualized incomplete 

particles budding from nuclear membrane to form the envelope, as 

described in HSV-1 studies in Pithecia p. pithecia and in Gorilla b. 

graveri realized by Schrenzel et al. and by Gilardi et al., respectively 

[33, 36]. 

 

The monkeys of our work came from Ecological Parks and the caretakers 

did not use masks and gloves during feeding and therapeutic 

procedures.The close contact between nonhuman primates and humans 

facilitates transmission and the infected animals can spread the infection 

to other nonhuman primates [4, 11-13, 16, 18, 20, 21, 36, 41, 43]. 

Visitors, students, trainees or handlers might be able to infect the 

animals, by transference eaten food into the cage. Infected persons can 

excrete the virus even in the absence of visible lesions [12]. Due to the 

severity of the disease, control and prevention measures should be 

instituted along with the Ecological Parks and breeding, such as the 

awareness of visitors not to feed the animals during the visitation, 

orientation of handlers on the need to wear appropriate clothing, gloves 

and masks, during treatment and feeding of animals, training of good 

management practices and hygiene in the enclosures, besides the 

adoption of procedures of quarantine to the new animals [14, 16, 36, 43]. 

 

The viral identification through the use of histopathology techniques, 

inoculation in cell culture and transmission electron microscopy allowed 

the characterization of encephalitis caused by human herpesvirus type 1 

during the occurrence of the outbreak. These results enabled the rapid 

implementation of prophylactic measures and control of the disease in 

the Ecological Parks, avoiding the occurrence of new deaths, considering 

that the Buffy-tuffed-ear marmoset (Callitrix aurita) is a species in the 

threatened category of extinction by the Brazilian Institute of the 

Environment and Renewable Natural Resources (IBAMA) list [22]. 

 

This report is the first detection of HSV-1 in Callitrix aurita and the first 

applications of the transmission electron microscopy techniques 
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(negative staining, immunoelectron microscopy and immunolabeling 

with colloidal gold particles) for detection of type 1 human herpesvirus 

in nonhuman primates. 
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