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Getah virus (GETV) is a zoonotic arbovirus that can cause infection in many animals. It

can cause pyrexia and reproductive losses in animals. The objective of the study was

to explore the effects of GETV on male reproductive ability. Male mice were injected

with 100 × TCID50/0.1ml in a volume of 100-µL GETV in their hindquarter muscle,

resulting in decreased semen quality and testicular histopathological changes, and the

virus was detected in the testes. At 0.5 dpi (day post-infection), male mice showed

decreased sperm density, motility, and decreased serum testosterone concentration,

an increased sperm malformation rate, vacuoles in spermatogonial cells/spermatocytes

in spermatogenic tubules, and the highest virus copies in testis. At 2 dpi, the sperm

density and motility reached the lowest value of 3.99 × 106/ml and 62.03%, and the

malformation rate reached 43.67%. At 28 dpi, the sperm indexes of the experimental

group gradually approached that of the control group, but there were still significant

differences. Since then, histopathological changes have worsened, with the most severe

histopathological changes at 7 dpi and gradual recovery. Up to 14 dpi, the virus was

detected by qRT-PCR and immunohistochemistry, which showed that the virus was

only present in the testicular interstitium. GETV infection can rapidly enter the testis of

mice and reduce the semen quality of mice, which needs to be paid attention to in the

prevention and control of GETV.
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INTRODUCTION

Getah virus is a spherical particle with about 70 nanometers and a symmetrical 20-hedral body. It
belongs to the genus Alphavirus, a member of the family Togaviridae, and belongs to the Semliki
Forest virus complex (1).

GETV has been reported in more than a dozen countries and regions worldwide since it was
first isolated from Culex mosquitoes captured in Malaysia in 1955 (2). At present, the research on
the Getah virus mainly focuses on detecting GETV and virus isolation from mosquitoes and the
serological investigation of different animals, including pigs, sheep, and ducks. To date, GETV
infection has been detected in various animals distributed in China (3, 4). In 1964, the GETV
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strain of mosquito type M1 was first isolated in Hainan Province
(5), and then mosquito-borne GETV strains were found in
Yunnan (6), Sichuan (4), Guizhou, Gansu (1), Jilin, Hebei, and
Shanxi provinces. GETV infection in Chinese pigs was first
detected in Taiwan in 2002, followed by Henan (2005), Hunan
(2017), Anhui (2017), Sichuan (2018), and other provinces (7).
GETV infection occurred in Shandong blue foxes in 2017, which
may be related to products from pigs infected with the geta virus.
GETV was found in febrile cattle in Jilin Province in 2018, and
the positive rate of bovine serum was 83.3% (8).

GETV can cause clinical manifestations in a variety of
animals. Rashes, hind limb edema, fever, and lymph node
enlargement were observed in infected horses (9). Piglets infected
with GETV showed depression, tremor, hind limb paralysis,
diarrhea, and high mortality (10). Histopathological examination
showed that GETV-infected pigs had neurodegenerative changes
(neuronophagocytosis and central chromatin dissolution),
pneumocytes detachment, renal cortical thickening, hemorrhagic
splenitis (11). Infected sows had abortions (12).

The occurrence of abortion is related to female animals and
closely related to the semen quality of male animals (13, 14).
The reproductive effects of GETV on male animals have not
been reported (15, 16). Therefore, we explored the effects of the
Getah virus on testis, epididymis, and sperm in mice to reveal the
reproductive effects of GETV in male mice.

MATERIALS AND METHODS

Animals and Treatment
The study was carried out on adult male specific-pathogen-free
mice with body weights of 35–40 g obtained from Chengdu
Dossy Experimental Animals CO., LTD. Permission for the use
of animals was obtained from Sichuan Agricultural University
Animal Ethical and Welfare Committee. All experiments
followed relevant regulations and standards. The mice were
allowed to adapt for about 1 week prior to the commencement of
the experiment. The mice were kept under standard conditions,
including inverted 12-h light/dark cycles, constant temperature
(22 ± 2◦C), and humidity (70 ± 4%) with access to standard
feed and water ad libitum. After acclimatization, the mice were
randomly assigned to groups.

Experimental groups: the male mice were intramuscularly
injected with 100× TCID50/0.1ml in a volume of 100-µL GETV
at the posterior limb. At 0.5, 1, 2, 3, 5, 7, 14, 21, 28 dpi, the mice
were euthanized. Then, the testis, epididymis, and serum were
harvested for further analysis (10 mice each group).

The control group: The mice were intramuscularly injected
with 100-µL saline at posterior limb as mock control. Other
treatments were consistent with the experimental group.

Virus: The GETV was isolated from aborted sows and stored
in Animal Biology Technology Center. The getah virus was
cultured and titrated with BHK21 cells in vitro.

Epididymal Sperm Analysis
The right cauda part of epididymis was isolated immediately,
thoroughly minced in 1ml of a sperm cell BWW medium
(Leagene Biotechnology, Inc., Cat No.: CM0052) at 37◦C and

thermostatically incubated for 0.5 h to obtain sperm suspension
and used for the determination of a sperm count, spermmotility,
and sperm morphology.

The total number of sperms was calculated by CASA using
the Sperm Class Analyzer, and the count was expressed in
millions/ml. Total motility (%) was recorded.

10µl of sperm suspension was dropped on a slide to make
a thin smear. The smear was dried at 37◦C for 5 min (3
smears for each sample). The smears were fixed and stained;
spermatozoamicroscope images were captured by oil immersion.
The abnormal sperm of 100 spermatozoa was counted at 3
different areas per smear and expressed in percentage, specifying
the most common defects (17).

The cauda-epididymidis was fixed with 2.5% glutaraldehyde
and then sent to the Lilai biomedicine experiment center
(Chengdu, Sichuan) for electron microscopy to observe the
ultrastructure of sperm in the epididymis.

Organ Indices and Evaluation of Histology
At the appointed time, 10 mice in the control group and 10
in the experimental group were anesthetized with ether. The
weights were measured, and the blood was collected into tubes by
eye enucleation. The mice were humanely sacrificed by cervical
dislocation. Testis and epididymis were isolated. We removed
other tissue that adhered to the testis and blotted it dry with
blot paper. After blotting, the isolated testis was weighed to the
nearest milligram. Tissue somatic indices were determined using
the formula:

TSI =
Weight of the tissue

Weight of the mice
× 100% (1)

The right caudal epididymis was harvested for sperm
analyses. The left testes and epididymis were fixed in 2%
paraformaldehyde-2.5% glutaraldehyde solution. Three were
sectioned and stained routinely with hematoxylin and eosin,
and then viewed under a light microscope for histopathological
examination. The other three testes and epididymis were sent
to the Lilai biomedicine experiment center (Chengdu, Sichuan)
for electron microscopy to observe the ultrastructure of cells in
the testis.

Estimation of Testosterone Concentrations
According to the manufacturer’s instructions, the free
testosterone level in serums was quantified by the ELISA
kit (Abcam, USA). The absorbance was recorded at 450 nm.
The minimum detection limit in the testosterone assay
was.1 ng/ml. The cross-reactivity assayed with other steroids
tested showed 0.01%.

TABLE 1 | Fluorescence quantitative primer information.

The primer name The primer sequence (5′-3′) The length (bp)

Cap− F CTTGACGGTAAGGTCACGGG 104

Cap− R GTAAGCTTCGCTAGGTCGGG
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FIGURE 1 | The sperm count of epididymal (A), the sperm motility of epididymal (B), the abnormal sperm count of epididymal (C). A transmission electron

microscope photograph of sperm in epididymal (D–G). (D,F) are transmission electron micrographs of sperm flagellum in a GETV-infected mouse; (E,G) are

transmission electron micrographs of sperm flagellum in the control mouse; the scale of (D,E) is 200 nm; the scale of (F,G) is 1µm. Partial peripheral microtubules

disappear (a thin white arrow); swollen mitochondria in sperm midpiece (a thick white arrow).

Detection of Getah Virus in Testis
The harvested right testis was weighed and grounded in liquid
nitrogen. All grounded tissues from the infectedmice were stored
at −80◦C until virus titration. Viral RNAs were extracted with
a universal RNA kit [Cofitt Life Sciences (HK) Limited] and
determined by real-time qRT-PCR on a Roche LightCycler R©

96 using TB Green Premix Ex Taq TMII (TaKaRa, Japan). After
comparison with a standard curve, viral load in testicles was
expressed as viral RNA copies per µg RNA. The primer sets for
these assays are described (Table 1).

The paraffin blocks of tissues were used for an
immunohistochemical assay by the method of Wenqiang
Ma and Wanpeng Yu (18, 19) by a SABC immunohistochemical
staining kit (BOSTER, SA1020). Deparaffinization, rehydration,
and antigen retrieval were performed on the 5-mm paraffin
sections of the testis or epididymis. The tissue sections were
treated with 3% H2O2 in PBS (pH7.6) for 10min and 5%
BSA for 30min. And then we incubated the sections at 4◦C
overnight with a Rabbit antibody against the E2 protein of the

Getah virus as primary antibodies. The sections were rinsed
with PBS three times and incubated with biotin-labeled goat
anti-rabbit as secondary antibodies for 30min. After incubation
with SABC for 30min, the specific binding on the sections
was visualized by DAB. The sections were counterstained
with hematoxylin.

RESULTS

Virus Infection Affects Sperm Parameters
We examined the sperm count, spermmotility, and the abnormal
sperm count in epididymal of normal and virus-infection mice.
The sperm count of the virus-infection mice decreased to its
lowest at 2 dpi, at 3.99 × 106/ml, while it was 24.57 ×

106/ml in the control group. Sperm counts of the experimental
group were at a low level until 7 dpi but increased to 17.53
× 106/ml at 14 dpi. In addition, all had significant decreases
in the experimental group from 1 to 28 dpi (Figure 1A).
Sperm motility was also lower in the experimental mice than
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FIGURE 2 | (A) Histological (HandE) staining of testes tissue sections (40 × 10). (control) Control testes from the control mice were given an injection with PBS at 7

dpi. The other is GETV-infected testes at 0.5 dpi-28 dpi. cavitation in spermatogonia and spermatocyte (arrows), T indicates lumens of seminiferous tubules. (B) The

testis’s transmission electron microscope photograph 1: the control mouse; 2: the GETV-infected mouse. The pink arrow in B: normal mitochondria in Leydig cells.

The pink arrow in B: Swollen mitochondria in Leydig cells. (C) Changes in testicular coefficient after infection of the GETV mice over time.
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FIGURE 3 | The testosteron levels of male mice in serum.

in the control mice (Figure 1B), significant during 1 dpi to
28 dpi. The lowest sperm motility was 62.03% at 21 dpi.
Similarly, the experimental group had more teratospermia, and
the rate of abnormality was the highest at 2 dpi (43.67%)
and was significantly higher than the control group except at
0.5 dpi (Figure 1C).

The epididymis was examined by electron microscopy,
and the image showed that the axoneme in spermatozoa
of experimental mice was missing in different degrees
(Figure 1D), and the mitochondria were swollen
(Figure 1F). There were no abnormalities in the control
group (Figures 1E,G).

The Testis Is Histopathologically Altered by
Getah Virus Infection
Testes tissue morphology was observed under the light
microscopy after H&E staining. The testicular tissue of the
experimental mice appeared to have severe cavitation, irregular
with wide spaces in seminiferous tubules, which decreased
spermatogonia and spermatocytes. Moreover, sperm in lumens
of seminiferous tubules decreased in GETV-treated groups at all
appointed times (Figure 2A). In the 1st week, the pathological
damage of the testis gradually increased and began to improve on
the 14th day. On the 28th day, the cavitation was reduced and
arranged regularly, and the sperm cells appeared in the center of
the seminiferous tubules.

The transmission electron microscope photographs showed
that many mitochondria were swollen in mouse Leydig cells in
the experiment group (Figure 2B).

However, no significant difference was found in the testicular
coefficient between the mice of the experimental group and the
control group (p >0.05) (Figure 2C).

GETV Infection Reduces Testosterone
Synthesis in Male Mice
The testosterone concentrations of the male mice in the control
group were consistently stable and significantly higher than
those in the experimental group. The average testosterone
concentration in the control group was 8.72 ng/ml, and that
in the experimental group was 4.14 ng/ml. After infection, the
testosterone level of the male mice decreased sharply, which
dropped to 2.33 ng/ml at 0.5 dpi and reached the lowest
level of 2.14 ng/ml at 1 dpi. Then, it gradually increased
to 7.52 ng/ml, which was closest to the control group at
28 dpi (Figure 3).

GETV Was Detected in Testis of Mice
The virus in testes was detected by real-time qRT-PCR and
the immunohistochemical assay. Viral RNA copies per ug RNA
were used to indicate the virus in the testes. The highest
viral content in the testes of the experimental mice was 1.07
× 105 copies/ug RNA at 0.5 dpi, and the virus disappeared
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FIGURE 4 | Detection and persistence of Getah virus in the testis. (A) The GETV copies in the testis; (B) the testis immunohistochemical images. (control) Control

testes from the control mice were given an injection with PBS at 7 dpi. The other is GETV-infected testes at 0.5–28 dpi. GETV E2 protein-positive cells are brown

(arrows).

at 21 dpi. GETV was not detected in the control group
mice (Figure 4A).

The virus was observed in the Leydig only at the testis
immunohistochemical images of the experimental mice. Many
GETV E2 positive cells appeared in the Leydig at 0.5 dpi, and
then the positive cells decreased gradually and disappeared at 21
dpi (Figure 4B).

DISCUSSION

The male reproductive system has an immunosuppressive
environment to protect the spermatozoon from detrimental
immune responses (20). A broad range of virus families has
been detected in the male reproductive system, impairing
male fertility and leading to sexual transmission of viruses
(21). The testis is an immune-privileged organ with restricted
drugs penetration, considered to constitute a tissue reservoir
for emerging viruses, such as Zika and Ebola (22). In
this study, we demonstrated that GETV could exist in

the testis and distribute in the Leydig of testicular, which
caused testicular damage and decreased sperm quality in
the mice.

The male mice infected with GETV showed a decrease in
sperm quality, which was manifested as a decrease in sperm
density and viability, and an increase in the malformation
rate. Therefore, it is believed that GETV infection will
cause reduced fertility in the male mice (23). Only 0.5
days after infection, the virus appeared in the testicular
Leydig and caused testicular histopathological changes and
decreased semen quality and testosterone levels. It suggested
that there is a mechanism for virus to quickly penetrate
through the blood-testosterone barrier, which can be discussed
in subsequent studies.

Testosterone, as one of the most important androgens in
males, is mainly synthesized by Leydig cells from cholesterol.
It plays an important role in spermatogenesis (24). After
viral infection, the sperm count of the mice decreased and
remained at a low level during 2 dpi to 7 dpi, and significantly
increased at 14 dpi. That is consistent with the change
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trend of testosterone. Therefore, it is reasonable to speculate
that there is a strong relationship between the change in
testosterone concentration caused by virus infection and the
semen quality of mice. Meanwhile, cavitation in spermatogonia
and spermatocyte increased until 7 dpi, and histology gradually
returned to normal at 14 dpi, but a small number of
vacuoles were still present at 28 dpi, which may associate
with changes in testosterone levels too. After GETV infection
in the mice, many viruses were detected in testicular tissue,
and a large number of E2 protein-positive cells appeared in
testicular interstitial at 0.5 dpi, accompanied by a decrease
in serum testosterone concentration. Subsequently, the E2-
positive cells were less and less in the testicular interstitium,
and the serum testosterone concentration began to increase
gradually after reaching the lowest value at 1 dpi too. This
suggests that virus colonization in the testicular Leydig reduced
the mice’s ability of secreting testosterone. That could be
why GETV infection caused testicular damage and decreased
semen quality.
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