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[Abstract] Schistosomiasis is a neglected tropical disease. Its treatment relies on the use of a single
drug, praziquantel. Due to treatment limitations, an alternative for schistosomiasis chemotherapy is
required; thus, a better understanding of parasite biology and host-parasite interactions is valuable to
aid the identification of new anti-Schistosoma drugs. The parasite has a complex life cycle, which results
in challenges regarding the evaluation of Schistosoma mansoni development and mammalian infection
establishment. Accordingly, this protocol describes methodologies to evaluate: (1) adult worm growth;
(2) reproduction; and (3) granuloma formation; and consequently allows more comprehensive
knowledge of S. mansoni development in a natural biological system.
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[Background] Schistosomiasis is a neglected tropical disease currently endemic in 78 countries (World
Health Organization, 2018). Five Schistosoma species can cause parasitosis and are distributed in Asia,
Africa, and the Americas. There are two distinct forms of the disease: urogenital, caused by Schistosoma
haematobium; and intestinal, caused by Schistosoma intercalatum, Schistosoma mekongi, Schistosoma
Japonicum, and Schistosoma mansoni (Uberos and Jerez-Calero, 2012; World Health Organization,
2018). Humans are infected following contact with cercariae released from infected aquatic snails.
Here, we focus on the S. mansoni species. After entering a mammalian host, cercariae differentiate into
schistosomula (Hitchcock, 1949; de Waard and Vermeulen, 1961; Stirewalt, 1974), which migrate to
intrahepatic vessels and develop in adults (Armstrong, 1965; Miller and Wilson, 1980). After mating, the
adult worms migrate to the mesenteric veins, where they complete their development and start laying
eggs after the 35" day of infection. A female adult worm lays about 300 eggs per day, which reach
tissues and the intestinal lumen and are eliminated along with the feces to the external environment
(Moore and Sandground, 1956; Gryseels et al., 2006). However, some eggs become trapped in the liver
and induce the formation of granulomatous lesions (Espirito Santo et al., 2008; King and Dangerfield-
Cha, 2008), which can lead to fibrosis in host tissues and the promotion of injuries and complications
that cause anemia, malnutrition, and loss of quality of life, having a high socioeconomic impact (Burke
et al., 2009; Olveda et al., 2017).

Schistosomiasis treatment relies on the use of praziquantel, which displays activity against all species;
although, immature worms are not affected (Watson, 2009; Thétiot-Laurent et al., 2013). Additionally,
there are reports of adult worms with reduced sensitivity to praziquantel, reinforcing the need for
alternative schistosomicidal drugs (Fallon and Doenhoff, 1994; Ismail et al., 1994 and 1996, Engels et
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al., 2002; Caffrey and Secor, 2011). Therefore, parasite biology and host-parasite interaction studies are
a feasible strategy to search for new anti-Schistosoma drugs.

As described, S. mansoni presents a complex life cycle that requires two hosts; thus, a better
understanding of parasite biology is challenging, demanding, specialized labor, and time consuming
(Clegg, 1965; Michaels and Prata, 1968; Basch, 1981; Irie et al., 1987). Inoculation of animal models
with parasites is a way to investigate S. mansoni development in the mammalian host, being an
approachable procedure and an important system for the evaluation of the complex host-parasite
interaction.

Here, we describe a protocol to assess the development of S. mansoni inside a mammalian host. The
following procedures detail how to perform a mouse infection with schistosomula and describe methods
to evaluate parasite development, such as growth, reproduction, and infection outcome through

granuloma analysis in the liver.

Materials and Reagents

1-ml insulin syringe with a 27 G needle (BD, catalog number:309623)
21 G needle (BD, catalog number: 305129)
Plastic Pasteur pipettes (Kasvi, catalog number: K30-300S)
Petri dishes (Sarstedt, catalog number: 82.1473.001)
6-well plates (Sarstedt, catalog number: 83.3920.300)
50-ml conical centrifuge tubes (Sarstedt, catalog number: 62.547.254)
15-ml conical centrifuge tubes (Sarstedt, catalog number: 62.554.205)
Scalpel (CP Lab Safety, catalog number: QC-793-140-EA)
1-200 pl universal tips (Axygen, catalog number: T-200-Y)

. 100-1,000 pl universal tips (Axygen, catalog number: T-1000-B)

. Maxymum Recovery® 0.6-ml microfuge tubes (Axygen, catalog number: MCT-060-L-C)
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. 0.6-ml microfuge tubes (Axygen, catalog number: MCT-060-C-S)
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. 1.5-ml microfuge tubes (Axygen, catalog number: MCT-150-C-S)
. Microscope slides, 26 x 76 mm (KASVI, catalog number: K5-7105)
. Microscope slide coverslips, 24 x 24 mm (KASVI, catalog number: K5-2424)
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. Microscope slide coverslips, 24 x 50 mm (KASVI, catalog number: K5-2450)
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. High-profile disposable blades 818 (Leica Biosystems, catalog number: 14035838383)
. Biopsy cassette (CRALPLAST, catalog number: 2921)

. Female Swiss Webster mice, 28 days old

. Glasgow Minimum Essential Medium (GMEM) (Sigma-Aldrich, catalog number: G6148)
. Glucose (Sigma-Aldrich, catalog number: G5767)
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. Lactalbumin (Sigma-Aldrich, catalog number; L7252)
. HEPES (Sigma-Aldrich, catalog number: H3375)
24. Fetal bovine serum (Thermo Fisher Scientific, Gibco, catalog number: 16000044)
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25. MEM vitamin solution (Thermo Fisher Scientific, Gibco, catalog number: 16000044)
26. Schneider’s Insect Medium (Sigma-Aldrich, catalog number: S0146)
27. Triiodothyronine (Sigma-Aldrich, catalog number: 709611)

28. Hypoxanthine (Sigma-Aldrich, catalog number: H9636)

29. Hydrocortisone (Sigma-Aldrich, catalog number: HO888)

30. Penicillin/streptomycin (Thermo Fisher Scientific, Gibco, catalog number: 15070063)
31. Sodium heparin (Fisher Scientific, Thermo Fisher Scientific, catalog number: BP252410)
32. NaCl (Merck Millipore, catalog number: 1064040500)

33. Xylazine hydrochloride (Sigma-Aldrich, catalog number: X1251)

34. Ketamine hydrochloride (Sigma-Aldrich, catalog number: 343099)
35. Sodium thiopental (Sigma-Aldrich, catalog number: T6023)

36. KOH (Sigma-Aldrich, catalog number: 221473)

37. Absolute ethanol (Merck Millipore, catalog number 64175)

38. 36% formaldehyde (Sigma-Aldrich, catalog number: 47608)

39. Glacial acetic acid (Merck Millipore, catalog number: 64197)

40. HCI (Merk Millipore, catalog number: 109057)

41. Carmine (Sigma-Aldrich, catalog number: C1022)

42. Methyl salicylate (Sigma-Aldrich, catalog number: M6752)

43. Canada balsam (Sigma-Aldrich, catalog number: 60610)

44. N-butyl acetate (Sigma-Aldrich, catalog number: 442666-U)

45. Histological paraffin (Easypath, catalog number: EP-21-20068A)

46. Hematoxylin (Sigma-Aldrich, catalog number: H3136)

47. Eosin (Sigma-Aldrich, catalog number: E4009)

48. Xylene (Sigma-Aldrich, catalog number: 534056)

49. Entellan (Merck Millipore, catalog number: 1079610100)

50. Autoclaved tap water

51. Autoclaved balanced feed for mice

52. 0.85% NaCl (see Recipes)

53. 10% KOH (see Recipes)

54. 1x PBS (see Recipes)

55. 4% buffered formaldehyde (see Recipes)

56. 10% formaldehyde (see Recipes)

57. Alcohol-formalin-acetic Acid (AFA) (see Recipes)

58. 70% ethanol (see Recipes)

59. 80% ethanol (see Recipes)

60. 90% ethanol (see Recipes)

61. 95% ethanol (see Recipes)

62. Hydrochloric carmine (see Recipes)

63. Hydrochloric alcohol (see Recipes)
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64. 1:2 methyl salicylate-Canada balsam (see Recipes)
65. Supplemented GMEM (see Recipes)

Equipment

Tweezers (CP Lab Safety, catalog number: QC-788-100-EA)

Dissecting scissors (CP Lab Safety, catalog number: QC-791-107-EA)

Perfusion system (AutoMate Scientific, catalog number: 11-140)

200-ml glass beaker

5-mm sieve

Manual 2-20 ul single-channel pipette (Eppendorf, catalog number: 3120000038)
Manual 20-200 pl single-channel pipette (Eppendorf, catalog number: 3120000054)

© N o o kw2

Manual 100-10,00 pl single-channel pipette (Eppendorf, catalog number: 3120000062)
Eppendorf® Centrifuge 5804R (Sigma-Aldrich, catalog number: EP022628146)

10. Tissue processing PT05 TS (Lupetec)

11. Inclusion Center Cl 2014 (Lupetec)

12. Aluminum inclusion molds (Lupetec)

13. Microtome MRP2015 (Lupetec)

14. Light microscope Axiostar Plus (Zeiss)

©

15. Zeiss microscope Stemi SV 11 (Zeiss)
16. Inverted microscope Axio Vert (Zeiss)

17. Inverted microscope Eclipse Ti-E (Nikon) with Confocal C2 plus (Nikon)

Software

1. Imaged (Schneider et al., 2012) (https://imagej.net/ImageJd1)
2. NIS-Elements software (Nikon)

Procedure

Notes:

1. All mouse procedures must be performed according to the animal facility and national guidelines for
animal use.

2. Prior to and during the infection period, mice were maintained with autoclaved water and autoclaved
balanced feed “ad libidum”.

A. Inoculation of mice with schistosomula
Note: The following procedure is performed using the schistosomula stage (Figure 1). However,
mouse inoculation and further procedures can also be performed using the cercariae stage.
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1. Calculate the volume of medium containing 350 schistosomula. To calculate the number of
parasites/volume, multiply 350 by the total volume of the culture medium and divide this result
by the total number of parasites cultivated in that culture medium.

Note: The number of schistosomula to be inoculated per mouse can be up to 450 parasites per
animal. Include a control group.

2. Pipette the previously calculated volume into a Petri dish or onto microscope slides.

Figure 1. Examples of schistosomula cultivated in culture medium. Representative image

of a schistosomula culture obtained at 10x magnification.

3. Withdraw a sample to check, under the microscope, whether the pipetted volume contains the
expected number of schistosomula.

4. Place the parasites from each group into ten Maxymum Recovery® 0.6-ml microfuge tubes (one
tube per mouse). Each microfuge tube should contain 350 schistosomula.
Note: In the absence of Maxymum Recovery® microfuge tubes, it is possible to use a sterile
microfuge tube instead; however, the use of Maxymum Recovery® microfuge tubes ensures that
parasite inoculation will be more homogeneous, since it reduces the number of parasites
remaining on the walls of the tube.

5. Make up the volume to 200-300 pl with supplemented GMEM, if necessary.
Note: The maximum volume to be inoculated into each mouse is 300 pl.

6. Separate ten female Swiss Webster mice per group.
Note: The mouse strain can be changed according to the experimental question.
Use a 1-ml insulin syringe with a 21 G needle for each mouse.
Fill the syringe with the schistosomula previously added to the 0.6-ml microfuge tube.
Note: Use one syringe and needle per animal to avoid inoculation of a disproportionate number
of parasites.

9. Hold the mouse by grasping the skin along its neck.

10. Inoculate the parasites through the subcutaneous route by injection of the respective syringe

Copyright © 2021 The Authors; exclusive licensee Bio-protocol LLC. 5
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contents into the loose skin over the neck.

B. Euthanasia and perfusion

Notes:

a.

N o o~ D=

1.

12.

13.
14.
15.
16.
17.
18.

19.
20.
21.

Since oviposition starts after 35 days of infection, euthanasia should be performed from 40 days
after parasite inoculation.

The anesthetics and euthanasia procedures described in this protocol are approved by Brazilian
national guidelines following Law 11794/08. The amount and type of sedatives and euthanasia
methods should follow the animal use guidelines of each country.

Prepare 1.5 L 0.85% NaCl solution per ten animals.

Add 2,500 U/L sodium heparin to the 0.85% NaCl solution.

Prepare 200 ml 4% buffered formaldehyde solution per ten animals.

Prepare a 2.5% sodium thiopental solution.

Weigh each mouse.

Hold the mouse by grasping the skin along its neck.

Using a 1-ml insulin syringe with a 27 G needle, administer 10 mg/kg xylazine hydrochloride
and 150 mg/kg ketamine hydrochloride through the intraperitoneal route by injection into the
thigh muscles directed away from the femur.

Wait for the mouse to become anesthetized.

Position the mouse with the abdomen facing upward.

. Using a 1-ml insulin syringe with a 27 G needle, administer 150 mg/kg 2.5% sodium thiopental

through the intraperitoneal route by injection into the abdomen toward the head.

Press the mouse's feet with tweezers to confirm euthanasia by noting the absence of a
movement response.

Clean the abdomen with 70-75% ethanol.

Note: Perfusion was conducted according fo Pellegrino and Siqueira (1956) with some
modifications.

Using dissecting scissors make an incision along the midline of the abdomen.

Using dissecting scissors, cut the mouse's diaphragm and rib to expose the heart.

Using dissecting scissors, cut the portal vein.

Place the mouse intestine and portal vein in the 200-ml glass beaker.

Insert the needle of the perfusion equipment into the left ventricle.

Start the perfusion equipment for adult worm recovery by NaCl injection.

Note: All the liquid that comes out of the portal vein must fall into the beaker since it carries adult
worms.

Stop the perfusion equipment when the liquid from the portal vein becomes clear.

Pass the obtained liquid through a 5-mm sieve, which will retain the recovered adult worms.
Transfer the recovered adult worms from the sieve to a 6-well plate. To perform this procedure,
turn the sieve upside down and place it on the well. Using a plastic Pasteur pipette and 0.85%

Copyright © 2021 The Authors; exclusive licensee Bio-protocol LLC. 6
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22.
23.
24.
25.
26.
27.

28.
20.

NaCl, wash the sieve to release all the worms into the well.

Cover the adult worms with 0.85% NaCl solution.

Remove the mouse intestine and cut it 3-cm downstream from the end of the ileum.

Place the ileum on a microscope slide, cover with a 24 x 24 mm coverslip, and press.

Place the remaining intestine portion in a a 6-well plate.

Remove the mouse liver.

Remove the median lobe and place into a 50-ml conical centrifuge tube previously filled with
200 ml 4% buffered formaldehyde.

Place the remainder of the liver in a 6-well plate.

Repeat this procedure for all animals.

Note: Label the containers according to the animal: liver, intestine, and worms, and the

microscope slide of the ileum.

C. Assessment of the number of recovered adult worms

1.
2.

Place the recovered adult worms from each mouse in a Petri dish.

Separate the males from the females using a needle or tweezers.

Note: To differentiate males from females, the size and color of the parasites should be
observed. Male adult worms are clear and female adult worms are longer and darker. To
recognize the male gynecophoric canal and tubercles, which are characteristics absent in the
female, itis necessary to use a magnifier light or light microscope.

Count the males and females recovered from each mouse.

Repeat the procedure for the adult worms recovered from the remaining mice.

D. Analysis of adult worm length

1.

After counting, transfer the female and male adult worms from each mouse to a 1.5-ml microfuge

tube filled with 1 ml AFA solution.

Note: Adult worms can be maintained in AFA solution for more than a year.

Randomly transfer one female and one male recovered from the same mouse to a microscope

slide.

Stretch the adult worms carefully.

Under a Zeiss Microscope Stemi SV 11, take an image of the adult worms.

Notes:

a. Allimages should be taken using the same parameters.

b. Indicative adult worm images for analysis of length are represented in the original research
paper: Tavares, N. C., Gava, S. G., Torres, G. P, de Paiva, C. E. S., Moreira, B. P, Lunkes,
F. M. N., Montresor, L. C., Caldeira, R. L. and Mourao, M. M. (2020). Schistosoma mansoni
FES Tyrosine Kinase Involvement in the Mammalian Schistosomiasis Outcome and
Miracidia Infection Capability in Biomphalaria glabrata. Front Microbiol 11: 963 (37). Link to
access: https://www.frontiersin.org/articles/10.3389/fmicb.2020.0096 3/full.
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5. Transfer the worms back to the 1.5-ml microfuge tube filled with 1 ml AFA solution.

Note: If the microscope does not have a scale, take an image of a ruler under the microscope
using the same parameters as those for the worms.

Repeat the procedure for the adult worms recovered from the remaining mice.

Note: The number of adult worms to be analyzed will depend on the total number of adult worms

recovered. Perform this procedure using the maximum number of adult worms as possible.

E. Staining adult worms for confocal analysis

Note: Adult worms are stained and analyzed according to Neves et al. (1998 and 2002).

1.

10.
11.

12.
13.

14.

Use a 20-200 ul manual single-channel pipette or a plastic Pasteur pipette to remove all the
AFA solution (Figure 2A).

Fill the 1.5-ml microfuge tube containing the worms with hydrochloric carmine using a 20-200 ul
manual single-channel pipette or a plastic Pasteur pipette (Figure 2B).

Optional: Adult worms can be transferred to a small Petri dish or another container that enables
parasite soaking in the hydrochloric carmine.

Note: The volume of hydrochloric carmine added should completely cover the worms.

Incubate the worms in hydrochloric carmine for 30 min at room temperature (Figure 2B).

Use a 20-200 yl manual single-channel pipette or a plastic Pasteur pipette to remove the excess
hydrochloric carmine (Figure 2B).

Add 70% ethanol and quickly remove the ethanol using a 20-200 pl manual single-channel
pipette or a plastic Pasteur pipette (Figure 2C).

Note: This step is important to remove the excess hydrochloric carmine and should be
performed quickly to avoid complete removal of hydrochloric carmine.

Repeat Step E5 (Figure 2C).

Add hydrochloric alcohol and, after a few seconds, remove it using a 20-200 ul manual single-
channel pipette or a plastic Pasteur pipette (Figure 2C).

Note: This step provides contrast of different organs and must be performed quickly to avoid
complete hydrochloric carmine removal. The removal of hydrochloric alcohol should occur when
the worms turn from an intense red to a pale red.

Add 70% ethanol and incubate for 5 min at room temperature (Figure 2C).

Use a 20-200 pyl manual single-channel pipette or a plastic Pasteur pipette to remove the 70%
ethanol (Figure 2C).

Add 80% ethanol and incubate for 5 min at room temperature (Figure 2C).

Use a 20-200 pl manual single-channel pipette or a plastic Pasteur pipette to remove the 80%
ethanol (Figure 2C).

Add 95% ethanol and incubate for 5 min at room temperature (Figure 2C).

Use a 20-200 ul manual single-channel pipette or a plastic Pasteur pipette to remove the 95%
ethanol (Figure 2C).

Add absolute ethanol and incubate for 5 min at room temperature (Figure 2C).

Copyright © 2021 The Authors; exclusive licensee Bio-protocol LLC. 8
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15.

16.

17.
18.

19.
20.

21.

Use a 20-200 pl manual single-channel pipette or a plastic Pasteur pipette to remove the

absolute ethanol (Figure 2C).

Notes:

a. When pipetting, care should be taken to avoid worm disruption.

b. The added volume of hydrochloric alcohol and the subsequent ethanol washes should
always cover the worms.

c. Steps E5-E14 can be performed using a small Petri dish or another container. The stained
worms can be soaked in the solutions using a 5-mm sieve.

Use a 20-200 yl manual single-channel or a plastic Pasteur pipette to add 1:2 methyl salicylate-

Canada balsam solution for at least 24 h. Cover all the worms with the solution and incubate for

at least 24 h (Figure 2D and Figure 3A).

Note: Adult worms can be maintained in this solution for years.

Place the male and female worms separately onto microscope slides (Figure 2E).

Cover the adult worms with 1:2 methyl salicylate-Canada balsam solution using a 20 pl-200 pl

manual single-channel pipette or a plastic Pasteur pipette (Figure 2E).

Carefully cover the microscope slide with a 24 x 24 mm coverslip (Figure 2E).

Fill the space between the microscope slide and the coverslip with 1:2 methyl salicylate-Canada

balsam solution using a 20-200 yl manual single-channel pipette or a plastic Pasteur pipette

(Figure 2E).

Place the slides on a flat surface to dry (Figure 3B).

Note: The microscope slides should rest on a flat surface to dry for 1-2 months. Observe every

day whether more 1:2 methyl salicylate-Canada balsam solution should be added to avoid

drying out.
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Figure 2. Schema of staining adult worms for confocal analysis. A. Removal of AFA solution

using a manual single-channel pipette. B. Hydrochloric carmine addition, incubation, and

Copyright © 2021 The Authors; exclusive licensee Bio-protocol LLC. 9
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removal using a manual single-channel pipette. C. Addition, incubation, and removal of
hydrochloric alcohol, 70%, 80%, 95%, and absolute ethanol using a manual single-channel
pipette. D. Addition of 1:2 methyl salicylate-Canada balsam solution using a manual single-

channel pipette. E. Assembly of slides of stained adult worms.

A B

Male

Male Female Female

Figure 3. Example of stained adult worms. A. Male and female adult worms stained with
hydrochloric carmine and covered with 1:2 methyl salicylate-Canada balsam solution. B
Microscope slides containing male and female adult worms stained with hydrochloric carmine.

F. Liver and intestine digestion and egg recovery

1. Place the remaining liver and intestine of one animal into two different Petri dishes and slice the
organs using a scalpel (Figure 4A).
Transfer the sliced liver to a 15-ml Falcon tube (Figure 4A).
Perform this procedure for all mice livers and intestines, separately.

4. Add 10 ml 10% KOH to dissolve the liver and intestinal tissue; this will not damage the eggs
(Figure 4B).
Incubate the livers and intestines in 10% KOH at 4°C overnight (Figure 4B).
Vortex the tubes (Figure 4C).
Incubate the tubes at 37°C for at least 1 hour (Figure 4C).
Note: If the livers and intestines are not completely dissolved, vortex again and incubate the
tubes until the organs are completely dissolved.

8. Centrifuge the tubes for 5 min at 380 x g (Figure 4D).

9. Discard the supernatant (Figure 4D).

10. Add 10 ml 0.85% NaCl, resuspend the pellet using a plastic Pasteur pipette, and centrifuge the

Copyright © 2021 The Authors; exclusive licensee Bio-protocol LLC. 10
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tubes for 5 min at 380 x g (Figure 4D).

11. Perform Steps F8-F10 three times (Figure 4D).

12. After the final centrifugation, discard the supernatant and resuspend the pellet in 1 ml 0.85%
NaCl (Figure 4E).

13. Transfer the contents to a clean 1.5-ml microfuge tube (Figure 4E).

14. For counting, homogenize the tubes and pipette 10 ul contents to a microscope slide (Figure
4F).

15. Under a light microscope, count the eggs observed at 5x magnification and record the number
(Figure 4F).

16. Perform Steps F14 and F15 three times.

Figure 4. Schema of liver and intestine digestion for egg recovery. A. Liver and intestine
are sliced using a scalpel, and the chopped organs are transferred to a 15-ml Falcon tube (Steps
F1-F2). B. 10% KOH is added to the tissue and incubated overnight (Steps F3-F5). C. The
tissue is vortexed and incubated at 37°C (Steps F6-F7). D. The 15-ml Falcon tube is centrifuged,
the supernatant is removed, and 1 ml 0.85% NaCl is added (Steps F8-F11). E. The resuspended
eggs are transferred to a 1.5-ml microfuge tube (Steps F12-F13). F. The recovered eggs are
counted (Steps F14-F16). G. Representative image of recovered eggs obtained at 10x

magnification.

G. Oogram
1. Place the microscope slides of the ileum on a light microscope.
2. For the first 100 eggs observed, count the mature, immature, and dead eggs.
3. Consider as immature, the eggs from the first to the fourth maturation stage as described by
Mati and Melo (2013).

Copyright © 2021 The Authors; exclusive licensee Bio-protocol LLC. 11
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Note: You can also classify the eggs by stage (1-5, with 5 being an egg containing the developed

miracidium; known as mature).

H. Histology for granuloma analysis
1. Place the median lobe, previously fixed in 4% buffered formaldehyde, in a Petri dish.
Slice the median lobe into six fragments using a scalpel.
Transfer the fragments to a biopsy cassette.
Keep the remaining portion of liver in 4% buffered formaldehyde.
Close the biopsy cassette.
Label the biopsy cassettes according to the respective animals.

Place the biopsy cassettes into the tissue processing PT05 TS (Lupetec).

© N o g R~ Db

Fill the tissue processing PT05 TS (Lupetec) buckets with the respective solution/reagents: 10%
formaldehyde, 70% ethanol, 95% ethanol, absolute ethanol, N-butyl acetate, xylene, and
histological paraffin.

9. Set the following steps on the tissue processing PT05 TS (Lupetec).

10% formaldehyde for 1 h.

10% formaldehyde for 1 h.

70% ethanol for 1 h.

95% ethanol for 1 h.

95% ethanol for 1 h.

Absolute ethanol for 1 h.

~® a0 T p

Xylene | for 1 h.

> @

Xylene Il for 1 h.
i. Xylene lll for 1 h.
j- Paraffin| for 1 h.
k. Paraffin Il for 1 h.
Note: Histological processing can be performed manually following the steps described in Step
H9.

10. Dispense a few drops of histological paraffin onto an aluminum inclusion mold.

11. Transfer the liver slices from the biopsy cassettes to the mold.

12. Using the Inclusion Center Cl 2014 (Lupetec), dispense histological paraffin onto the liver
fragment.

13. Fit the respective biopsy cassette (the bottom part of the cassette, which contains the
identification) on the mold.

14. Transfer to the chilled plate of the Inclusion Center Cl 2014 (Lupetec).

15. Perform Steps H1-H14 for the other liver samples.

16. Remove the blocks from the aluminum inclusion molds.

17. Incubate the blocks at room temperature overnight.

Copyright © 2021 The Authors; exclusive licensee Bio-protocol LLC. 12
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31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.

44.
45.
46.
47.

48

Note: Paraffin blocks containing tissue can be maintained at room temperature until microscope
slide assembly.

Incubate the blocks at -20°C for 1 h.

Place the blocks on ice.

Fit each block on the Microtome MRP2015 (Lupetec).

. Section the blocks to obtain thin slices (approximately 4-6 uM).

Place the slices in a 50°C water bath.

Note: This step is important to stretch the slices; the temperature cannot be higher since the
paraffin melts.

Capture the slices with a microscope slide.

Label the microscope slides.

Incubate the microscope slides at 65°C for 4 h.

Fill four containers with xylene and label each container with: xylene |, xylene II, xylene IIl, and
xylene V.

Fill four containers with absolute ethanol and label each with: absolute ethanol I, absolute
ethanol Il, absolute ethanol Ill, and absolute ethanol IV.

Fill a container with hematoxylin.

Fill a container with eosin.

Dip the slides in xylene | for 10 min.

Dip the slides in xylene Il for 10 min.

Dip the slides in absolute ethanol | for 10 s.

Dip the slides in absolute ethanol Il for 10 s.

Wash the slides with running water for 3 min.

Dip the slides in hematoxylin for 5 min.

Dip the slides in eosin for 30 s.

Wash the slides with water for 2 s.

Wash the slides with absolute ethanol Il for 10 s.

Wash the slides with absolute ethanol IV for 10 s.

Incubate the slides at 37°C for at least 15 min.

Dip the slides in xylene Il for 10 s.

Dip the slides in xylene IV for 10 s.

Using a plastic Pasteur pipette, add two drops of entellan to the middle of the slide, making two
separate circles.

Dip the extremity of the slide in xylene.

Fit the 24 x 50 mm microscope slide coverslips.

Slightly press the coverslip against the slide.

Incubate the slide at room temperature until completely dry.

Note: Slides can be stored for years at room temperature.

. Place the dry slide on the inverted microscope Axio Vert (Zeiss).

Copyright © 2021 The Authors; exclusive licensee Bio-protocol LLC. 13
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49. Adjust the 10x objective.
50. Locate the granuloma.
51. Take an image of the granuloma.
Note: For a better reproduction, take images from exudative-productive granulomas.
52. Take images of 100 granulomas per group.
Notes:
a. This number can be modified according to the number of granulomas found.

b. All images should be taken using the same parameters.

Data analysis

A. Length analysis of adult worms
1. Open the image (with a known distance according to the parameters used to take images of
adult worms in ImageJ.
Select the “line selection tool” and draw a line to a known distance.
Select “Analyze” and then “Set scale”.
Type the known distance and its respective unit, select “Global”, and then select “ok”.
Open the worm image in ImageJ.
Select “Analyze” and then “Set Measurements”.
Select “length”.
Select the “line selection tool” and draw a line to the worm.

© © N o 0k~ w0

Select “Analyze” and then “Measure”.
Note: If the worms are not straight, carefully draw a line to each part of the worm and then sum
the values to obtain the entire worm length.

10. Perform the analysis for all images.

B. Number of eggs recovered from the liver and intestine
1. Calculate the mean number of eggs from triplicate samples; perform the assessment as
described above (Procedure F).
2. The mean value multiplied by 100 gives the number of eggs per ml (the total number of eggs
per animal, recovered from the liver or intestine, will depend on the volume).
3. Add together the number of eggs recovered from the liver and intestine to yield the total number

of eggs per animal.

C. Fecundity of female adult worms
To obtain fecundity data, divide the total number of eggs by the number of females recovered from
the respective animal.

D. Oogram analysis

Copyright © 2021 The Authors; exclusive licensee Bio-protocol LLC. 14
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Calculate the percentage of mature, immature, and dead eggs found in each mouse ileum.

E. Analysis of the granuloma area

Open ImagelJ.

Open an image with a known distance.

Set the scale as described in steps 2-4 of Data analysis B.

Open the granuloma image in ImageJ.

Select “Analyze” and then “Set Measurements”.

Select “area”.

Select the “freehand selection tool” and carefully circle the granuloma.

Select “Analyze” and then “Measure”.

© ® N o o ko0 Db =

Perform this analysis for all granulomas.

Note: Indicative results of data analysis A, B, C, D, and E, and the procedures C and E are represented
in the original research paper Tavares, N. C., Gava, S. G., Torres, G. P, de Paiva, C. E. S., Moreira, B.
P, Lunkes, F. M. N., Montresor, L. C., Caldeira, R. L. and Mouréo, M. M. (2020). Schistosoma mansoni
FES Tyrosine Kinase Involvement in the Mammalian Schistosomiasis Outcome and Miracidia Infection
Capability in Biomphalaria glabrata. Front Microbiol 11: 963 (37). Link to access:
https://www.frontiersin.org/articles/10.3389/fmich.2020.0096 3/full.

Recipes

Note: All the following recipes can be stored at room temperature.
1. 0.85% NaCl

8.5 g NaCl

Make up to 1 L with distilled water

Note: Prepare at least 1.5 L per 10 mice.
2. 10% KOH

100g KOH

Make up to 1 L with distilled water
3. 1x PBS

137 mM NaCl

2.7 mM KCI

10 mM NazHPO4

1.8 mM KH2PO4

pH7.4
4. 4% buffered formaldehyde

111.11 ml formaldehyde

888.89 ml 1x PBS

Copyright © 2021 The Authors; exclusive licensee Bio-protocol LLC. 15
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5. 10% formaldehyde
277.77 ml formaldehyde
722.23 ml distilled water
6. Alcohol-formalin-acetic Acid (AFA)
95 ml absolute ethanol
3 ml formaldehyde
2 ml acetic acid
7. 70% ethanol
700 ml absolute ethanol
300 ml distilled water
8. 80% ethanol
800 ml absolute ethanol
200 ml distilled water
9. 90% ethanol
900 ml absolute ethanol
100 ml distilled water
10. 95% ethanol
950 ml absolute ethanol
50 ml distilled water
11. Hydrochloric carmine
5 g carmine
5 ml HCI
5 ml distilled water
Make up to 200 ml with 90% ethanol
Note: Crush the carmine and add to the HCI and water. Place in a water bath for 1 h. Allow fto
cool. Make up the volume to 200 mi with 90% ethanol.
12. Hydrochloric alcohol
100 ml ethanol
0.5 ml HCI
13. 1:2 methyl salicylate-Canada balsam
50 ml methyl salicylate
100 ml Canada balsam
14. Supplemented GMEM
50 ml Glasgow Minimum Essential Medium (GMEM) (prepared and filtered according to the
manufacturer’s instructions)
0.1% glucose
0.1% lactalbumin
20 mM HEPES
2% inactivated fetal bovine serum

Copyright © 2021 The Authors; exclusive licensee Bio-protocol LLC. 16
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0.5% MEM vitamin solution
5% Schneider’s Insect Medium
0.5 pM hypoxanthine

1 UM hydrocortisone

1% penicillin/streptomycin
Note: Store at 4°C.
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