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[Abstract] Recent outbreaks of infectious neuro-developmental diseases such as congenital Zika
syndrome - have led to a demand for prognosis data from animal models. We developed an intra-
amniotic injection mice model that allows Zika virus (ZIKV) infected mice to grow to puberty. In this
system, ZIKV is injected into the amniotic fluid of pregnant mice and infected embryos thereafter. ZIKV-
infected mice show several symptoms of clinical ‘congenital Zika syndrome’, including decreased brain
volume and mis-laminated retina. We also evaluated several behavioral functions of these ZIKV-
infected mice, for example, after the mice reach puberty, they have visual and motor defects. This
technique can be used to screen and evaluate drug candidates and may help evaluate the prognosis
of infectious neuro-developmental diseases.
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[Background] It has been more than sixty years since the first human case of ZIKV infection was
reported but in 2007 only 14 human cases of ZIKV infection had been recorded. Prognosis data have
lagged far behind the recent outbreak of ZIKV in 2015. There is some evidence that mouse models may
be effective for prognosis studies because previous reports have proved neurovirulence of ZIKV in mice.
Therefore, various methods of ZIKV infection including intravenous injection, intraperitoneal injection,
foot-pad injection and brain injection have been used to study congenital Zika syndrome in individuals
during the embryonic period or infancy. The intra-amniotic injection model presented here has two
advantageous features. First, wild-type mice (C57 BL/6J) can be used and studies are not limited to
mice with immunologic deficiencies. Second, ZIKV infected mice can grow into puberty, which is

beneficial to studies trying to evaluate prognosis.

Materials and Reagents

Glass pipettes (World Precision Instrument, catalog number: 4878)
Sterile gauze (Winner Medical Group, catalog number: 016935)
Cotton ball (Winner Medical Group, catalog number: 50401050)

1 ml Syringe (KDL, catalog number: 60017031)

50 ml centrifuge tube (Corning, catalog number: 430828)
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6. Dropper (Shanghai Baigian Biotechnology, catalog number: J00082)
7. Suture needle (Ningbo Medical Needle Co., LTD, 7/0)
8. Pregnant mouse (E15) (Shanghai Yison Biotechnology Company, strain: C57 BL/6J)
9. 75% alcohol (Sinopharm Chemical Reagent, catalog number: 80176960)

10. Oxygen (Shanghai Lvmin Gas company, purity > 99%)

11. Cyanoacrylate (Pattex®, catalog number: PSK12CT-2)

12. Isoflurane (RWD Life Science, catalog number: R510-22)

13. lodophor (Shanghai Likang Disinfectant Hi-Tech, catalog number: 310100)

14. Lidocaine (MP Biomedicals, catalog number: 190111)

15. Ampicillin (Inalco, catalog number: 1758-9314)

16. Dulbecco’s modified Eagle’s medium (DMEM) (Corning, catalog number: 10-013-CV)

17. 10% fetal bovine serum (FBS) (Biological Industries, catalog number: 04-001-1ACS)

18. Pen-Strep Solution (Penicillin: 10,000 U/ml, Streptomycin: 10 mg/ml) (Biological Industries,
ISRAEL, catalog number: 03-031-1B)

19. Potassium phosphate monobasic (KH2PO4) (Sigma-Aldrich, catalog number: P5655)

20. Sodium phosphate dibasic dihydrate (Na2HPO4-2H20) (Sigma-Aldrich, Fluka, catalog number:
71645)

21. Sodium chloride (NacCl) (Sigma-Aldrich, catalog number: S5886)

22. 0.1 M Phosphate buffer solution (PBS) (see Recipes)

23. Ampicillin solution (see Recipes)

24. Culture medium (see Recipes)

25. 1% lidocaine solution (see Recipes)

Equipment

1. Flaming/brown micropipette puller (Sutter Instrument, model: P-97)
2. Anesthesia machine (RWD Life Science, catalog number: R610)

3. Water bath (Jinghong Experimental Equipment, model: XMID-8222)
4. Tweezers (VETUS, catalog number: ST-11)

5. Scissors (RWD Life Science, catalog number: S12003-09)

6. Shaver (Codos, catalog number: KP-3000)

Procedure

1. Sterilization: sterilize all tools that will be used in this surgery by autoclaving at 121 °C, 0.12 MPa
or with 75% alcohol.

2. Fill two 50 ml centrifuge tubes with PBS and Ampicillin, respectively. Before use, warm these
solutions in a 45 °C water bath.

3. Pipette preparation: We couple a glass pipette with a 1 ml syringe for injecting a large amount
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of solution (Figure 1). The diameter of the pipette tip is ~50 um. If the diameter of pipette tipis
too large, amniotic fluid will overflow and this may affect the development of fetus. If the diameter
of the pipette tip is too small, the pipette can be easily blocked, which increases the duration of

time that the embryos are exposed (Figure 2).

Figure 1. Glass pipette and syringe coupled together

100_pm

Figure 2. Glass pipette tip with different diameters. A. The tip diameter is too fine. B. The tip
diameter is good. C. The tip diameter is too large.

4. Anesthetize a pregnant mouse (E15) with 1.5% isoflurane in oxygen in aninduction chamber at
a respiratory rate of 60 times per minute.

Note: If the age of embryos is olderthan E17 or younger than E14, the survival rate of mice will
decrease.

5. Remove the pregnant mouse from the induction chamber. Place the head of the mouse in a
respiratory mask infused with 0.5-1% isoflurane in oxygen. Maintain a respiratory rate between
80 and 100 times per minute to ensure that the embryos do not achieve hypoxia status and that
the pregnant mouse is fully anesthetized during surgery.

6. Shave the mouse abdomen using a shaver that was sterilized with cotton ball with 75% alcohol
and iodophor.

7. Drape sterile gauze over the abdomen and make a 2 cm long slit to expose the abdominal
incision.

8. Cuta2cm long incision on the abdominal skin and peritoneum around the position of the womb
being careful to cut from outside to inside. Be careful not to damage the capillary vessels on the
peritoneum, because bleeding from damaged vessels can lead to wound infection.

9. Hold the uterine wall with tweezers and pull out embryos that are in the uterus. Be careful not

to damage vessels on the uterine wall especially those that are close to the placenta. Keep the
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surface of mouse embryos moist using sterilized PBS during the injection process (Figure 3).

Figure 3. Embryos beforeinjection

10. With one hand, hold the tweezers and gently lift the uterine wall. With the other hand, hold the

injector to inject 0.1 ml culture medium (see Recipes) (injection speed: ~10 pl/sec) into the

amniotic at the position close to the tweezers (Video 1).

M e mde a

Video 1. The posture of intra-amniotic injection

11. Inject the other embryos with a similar volume and injection speed. The survival rate of embryos
is typically about 85%.

12. Insert the embryos back into the abdominal cavity with tweezers after the injection.

13. Fill the abdominal cavity with 2 ml 0.1 mg/ml warm ampicillin in PBS to preventinfection. Remove
the extra solution with gauze at the surface of the abdomen.

14. Carefully suture the peritoneum and abdominal skin from inside to outside.

15. To ease pain, apply 1% lidocaine solution (see Recipes) to the wound on the abdominal skin.
The time it takes to complete the surgery (Step 6 to Step 15) should not exceed half an hour.
The embryo survival rate decreases if the surgery exceeds 30 min.

Note: The specific operation of Steps 6-15 is shown in Video 2.
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Video 2. Intra amniotic Injection of Mouse Embryos

16. Move the pregnant mouse back to her home cage and kept her warm with a heating pad at
37 °C for 3-5 h until it recovers from anesthesia and can move freely.

17. ZIKV infected mice show walking defects or paralysis. Videos of ZIKV mice exhibiting this
behavior can be found here: http://www.ebiomedicine.com/article/S2352-3964(17)30184-
6/addons.

Data analysis

Analysis of behavioral tests including open filed test, tail suspension test, rota-rod test, catwalk and
elevated plus maze in the visual and motor deficits of ZIKV infected mice can be found online at
http://www.ebiomedicine.com/article/S2352-3964(17)30184-6/fulltext#s0010.

Notes

1. The diameter of the suture needle should be about 120 um. The diameter of a stitch should be
about 70 um. The larger the diameter of the suture needle and stitch, the greater the wound
injury will be, especially to the abdominal wound. A fine stitch used to suture will help healing.

2. To ensure that the culture medium is injected into the amniotic fluid, you need to inject about 5
pI culture medium near to the sterile gauze before injecting into the amniotic fluid. If the tip is
not blocked, you will see culture medium flowing. Similarly, check to ensure the tip is not blocked
after you inject into the amniotic fluid.

3. If the pregnant mouse keeps lying down on its abdomen, you need to apply 1% lidocaine
solution on the wound again and inject 0.3 ml 0.9% sodium chloride solution in the neck to avoid

hydropenia.
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Recipes

1. 0.1 M PBS solution (pH 7.4)
0.02 M potassium phosphate monobasic (KH2PO4)
0.04 M sodium phosphate dibasic (NazHPQOa4)
0.1567 M sodium chloride (NaCl)
2. Ampicillin solution
100 pg ampicillin in 1 ml 0.1 MPBS
3. Culture medium
DMEM containing:
10% FBS
100 units/ml of penicillin
100 pg/mlof streptomycin
4. 1% lidocaine solution
1 g lidocaine in 100 ml 0.9% sodium chloride solution

A drop of hydrochloric acid (~40 pl) was added into the solution to help dissolve
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