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HEPATIC STEREOLOGY
OF ACUTE SCHISTOSOMIASIS MANSONI
INFECTION IN C57BL/10 AND CBA MICE

José Roberto Machado-Silva, 1 Renata Heisler Neves, 2 Elaine Cerqueira da Mota 
1 and Carlos Alberto Mandarim-de-Lacerda 3

ABSTRACT

Previous studies have shown that the outcome of the experimental schistosomiasis mansoni 
infection depends on the genetic background of the host. To test whether Schistosoma mansoni-
infected mice strains present different hepatic pathological pattern during acute infection, we 
examined liver alterations (hepatocytes, sinusoids, and fibrosis), using stereological approach. 
Changes in liver organization in adult inbreed females C57BL/10 and CBA mice were examined 
8 weeks postinfection. Volume density of hepatocytes Vv[h], sinusoids Vv[s] and hepatic fibrosis 
Vv[fh] were determined by point counting (M42 system-test) and video-microscopy, using 
light microscopy. In both mouse strains, Vv[h] and Vv[s] were significantly (p<0.05) reduced in 
comparison to control group. The largest values of Vv[fh] were found in the C57BL/10 strain. 
We demonstrate that schistosome infection markedly reduced hepatocytes (CBA mice), sinusoids 
(C57Bl/10), whereas fibrosis was higher in C57BL/10 strain in comparison to that in CBA/ strain.
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INTRODUCTION

Laboratory mice are commonly used for schistosomiasis studies because 
of their availability, low cost, susceptibility (Farah et al., 2000) and to model the 
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pathophysiological features of the human infection (Abath et al., 2006). Susceptibility 
to experimental infection with Schistosoma mansoni has been shown to markedly 
vary among different strains of mice (Warren & Peters, 1967; Cheever et al., 2002). 
The host genetic heterogeneity seems to influence schistosome fecundity (Jones et al., 
1989), susceptibility to infection (Incani et al., 2001; Machado-Silva et al., 2005; Bin 
Dajem et al., 2008) and pathological syndromes during chronic infection (Henderson 
et al., 1993). Additionally, C57BL/6J mice had significantly smaller granulomas, less 
fibrosis and less mortality than C3H/HeN strain (Van de Vijver et al., 2006). 

Because of numerous methodological advantages, stereology has been 
proved to be a useful tool for quantitative studies in both biomedical (Mandarim-
de-Lacerda, 2003) and clinical studies (Franzen et al., 2005; Lazzarini et al., 2005). 
Also, liver injury during schistosomiasis mansoni infection and metabolic disorders 
has been investigated by stereological approaches. Zinc-deficient mice show smaller 
median liver volume and median granuloma volume than well-fed diet mice (Friis et 
al., 1998). We have shown previously that both high-fat diet (Neves et al., 2006) and 
low-protein diet cause damage in liver structure (Barros et al., 2009).

The hepatic injuries among inbreed schistosomiasis mansoni infected-mice 
on stereological level appear not to have been investigated in detail. To address 
the effect of infection on liver structure (hepatocytes, sinusoids and fibrosis), we 
used inbreed female C57BL/10 and CBA mice. We demonstrate that schistosome 
infection markedly reduced hepatocytes (CBA mice), sinusoids (C57Bl/10), whereas 
fibrosis was higher in C57BL/10 strain in comparison to that in CBA/ strain. 

Material and methods

Host-parasite model

Adult (eight week-old) female C57BL/10 (n=5) and CBA mice (n=5) 
were obtained from the Laboratory Animals Breeding Center (Oswaldo Cruz 
Foundation, Brazil). Infections with 50 cercariae of S. mansoni (BH strain, Brazil) 
were performed as described by Freire et al. (2003). Five mice from each strain were 
kept uninfected as controls.

Mice were housed under standard caging conditions: polypropylene cages 
(40 x 33 cm) with stainless steel screened covers, temperature (21±10C), humidity 
(60±10%), light (12h light and dark cycle), and permitted ad libitum consumption 
of water and pellet chow (Nuvilab CR-1, Paraná, Brazil). All animal experiments 
were conducted in accordance with valid international guidelines for animal 
experimentation (Ellery, 1985). 

To confirm infection, we monitored fecal egg excretion. Following 
the onset of egg deposition, infection status was further confirmed at the time of 
necropsy (week 8 postinfection), by enumeration of eggs trapped in the small 
intestine (Machado-Silva et al., 2005) and adult worm recovery from the portal 
system and mesenteric veins (Freire et al., 2003).
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Tissue proceeding and stereological study 

The liver was removed and liver volume was measured using immersion 
method (Scherle, 1970). Liver samples from infected mice were collected and fixed 
in Carson’s modified Millonig’s phosphate-buffered formalin, pH 7.4 (Carson et 
al., 1973). The tissue was paraffin embedded, sectioned at 3 µm thickness, and 
processed for Masson’s trichromium staining using standard protocols (Strobel 
et al., 1981). Volume density of hepatocytes Vv[h], sinusoids Vv[s] and hepatic 
fibrosis Vv[fh] were determined. The analysis used a video-microscopic system 
(Image Pro Plus, Media Cybernetics, USA) and the M42 test system (composed of 
21 short lines, d, and 42 test points, PT; the test-line length, LT is 21d) (Gundersen, 
1977; Mandarim-de-Lacerda & Pereira, 2003).

Statistical analysis 

The values for each group were compared by Mann–Whitney using the 
Statistical Package for the Social Sciences (SPSS) version 9.0. P-values of ≤ 0.05 
were considered statistically significant (Zar, 1999).

Results 

Although not statistically significant (p<0.05), C57BL/10 yielded slightly 
higher worm recovery (14.8%) than CBA mice (12.4%). Microscopic examination of 
fecal specimens showed that both mice strains became infected (Figure 1). In this report, 
inbred female C57BL/10 mice showed highest intestinal egg density (4841) than CBA 
(3665) strain, although no statistical differences (p>0.05) were found. C57BL/10 mice 
showed highest (p<0.05) liver volume than CBA strain (Figure 2). All infected mice 
had fibrotic livers containing visible granulomatous lesions, composed of numerous 

macrophages, eosinophilic granulocytes, lymphocytes, and fibroblasts (Figure 3). 
Figure 1.	 Fecal egg-laying of Schistosoma mansoni in C57BL/10 and CBA mice.
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Our stereological findings are summarized in Figures 4-6. The Vv[h] was 
different between infected vs uninfected groups (p<0.05), C57BL/10 (11% vs 28%) 
and CBA (16% vs 31%). The Vv[s] also differed between infected vs uninfected mice 
groups (p<0.05), C57BL/10 (6% vs 68%) and CBA (11% vs 69%). The Vv[fh] was 
significantly larger (p> 0.05) in C57BL/10 mice (84%) than CBA mice (73%). The 
comparative analysis of data between mice strains showed that there were significant 
differences concerning Vv[h] (p<0.05), Vv[s] (p<0.05) and Vv[fh] (p<0.05). 

Figure 2.	 Livers volume of Schistosoma mansoni-infected C57BL/10 and CBA 
mice. 

Figure 3.	 Photomicrographs of the hepatic structure in C57BL/10 (1 and 2) and 
CBA (3 and 4) mice, stained with Masson’s trichrome. 1 and 3: panoramic 
view of a normal mice liver; 2 and 4: view of a typical schistosomal 
hepatic showing concentric arrangement of fibers and normal.
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Figure 4.	 Density of volume of hepatocytes (%) in uninfected and Schistosoma 
mansoni-infected C57BL/10 and CBA mice. 

Figure 5.	 Density of volume of sinusoids (%) in uninfected and Schistosoma 
mansoni-infected C57BL/10 and CBA mice.

Figure 6.	 Volume density of hepatic fibrosis in C57BL/10 and CBA mice.

DISCUSSION

In this study, C57BL/10 yielded slight higher worm recovery than 
CBA mice, which might suggest that both mice strains provide favorable 
micro-environments for schistosomes. The obtained results showed that laid eggs 
mature within both C57BL/10 and CBA mice tissues, subsequently pass through the 
intestinal wall and then exit the host through the feces. As in other studies, the onset 

C57BL/10 CBA
0

10

20

30

40

Strains

control infected

Vv
h 

(%
)

C57BL/10 CBA
0

20

40

60

80

Strains

control infected

Vv
s 

(%
)

C57BL/10 CBA
0

20

40

60

80

100

Strains

Vv
fh

 (%
)



216	 REVISTA DE PATOLOGIA TROPICAL

of fecal egg output was characterized by an initial low egg releasing, peaking around 
7-9 weeks pi (Rocha et al., 1995; Martinez et al., 2003), which coincides with 
an intestinal granulomatous inflammation, eosinophilia, and a Th2 response that 
becomes maximal at 8 weeks of infection (Fallon et al., 2000; Cheever et al., 2002). 
In addition, results suggest that C57BL/10 mice may ease egg output on account of 
more effective intestinal inflammatory response through immune mediators even in 
short-term infection.

In this report, inbred female C57BL/10 mice showed highest intestinal 
egg density than CBA strain, although no statistical differences (p>0.05) were 
found. Unlike our previous results using C3H mice strain (Freire et al., 2003) or 
SW mice strain (Neves et al., 2007), duodenum concentrated greatest egg counting, 
suggesting differences in the wandering capacity inside the portal system vessels in 
mouse model (Valadares et al., 1981).

Schistosomiasis mansoni has the liver as the major focus of its 
histological lesions, physiopathological alterations and clinical manifestations 
(Neves et al., 2007). S. mansoni eggs laid in the postcapillary venules of the 
mesenteric tract are carried by the bloodstream into smaller blood vessels, where 
they are trapped in the sinusoids. This process leads to marked inflammation, 
tissue eosinophilia, collagen neoformation and, ultimately, fibrous expansion of 
the portal spaces and intrahepatic portal-vein obstruction (Abath et al., 2006). 
C57BL/10 mice showed higher (p<0.05) liver volume than CBA strain, which may 
have been due to higher density of liver eggs and/or hepatic fibrosis. All infected 
mice had fibrotic livers containing visible granulomatous lesions, composed of 
numerous macrophages, eosinophilic granulocytes, lymphocytes, and fibroblasts 
in agreement with previous studies (Andrade & Azevedo, 1987; Lenzi et al., 1998; 
Baptista & Andrade, 2005). 

The histological lesions in murine models have been reported at 
morphometrical level (Costa-Silva et al., 2003; Silva et al., 2004). In addition, 
quantification of liver injury based on stereology has proven to be a useful tool 
for schistosomiasis mansoni studies (Friis et al., 1998; Neves et al., 2006; Barros 
et al., 2009).

The results presented here clearly demonstrate that infection causes 
damage in liver structure because hepatocytes and sinusoids are reduced in number. 
Also, significant differences were evidenced between both mice strains concerning 
such hepatic alterations. Marked differences in granuloma volume and in hepatic 
fibrosis suggest that its modulation and features differ among different mice strains 
(Cheever et al., 2002). In addition to granuloma modulation, it has been reported 
that granulomas size are also unequal between mice strains (Swiss Webster and 
C3H/He) (Lenzi et al., 1995). It appears that CBA mice are more protected from 
infection than C57BL/10 mice since hepatocyte and sinusoids were less affected, 
while hepatic fibrosis was greater in this later host.
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RESUMO

Esterologia hepática da infecção esquistossomótica aguda em camundongos das 
linhagens C57BL/10 e CBA 

Estudos prévios mostraram que o curso da infecção esquistossomótica experimental 
depende da constitução genética do hospedeiro. A fim de testar se linhagens de 
camundongos infectados por Schistosoma mansoni apresentam diferenças nos 
padrões de patologia durante a fase aguda, examinamos possíveis alterações 
nos hepatócitos, sinusóides e quantidade de fibrose, utilizando uma abordagem 
estereológica. As mudanças na organização hepática de camundongos fêmeas, 
adultas, das linhagens C57BL/10 e CBA, foram examinadas oito semanas após a 
infecção. A densidade de volume de hepatócitos Vv[h], sinusóides Vv[s] e fibrose 
Vv[fh] foram examinadas por determinação do ponto de contagem (sistema-teste 
M42) e video microscopia, por microscopia de luz. Em ambas linhagens de 
camundongo, Vv[h] e Vv[s] foram significativamente reduzidas (p<0,05) em 
relação ao grupo controle. Os maiores valores de Vv[fh] foram encontradas na 
linhagem C57BL/10. Demonstramos que a infecção esquistossomótica reduziu 
acentuadamente hepatócitos (linhagem CBA), sinusóides (linhagem C57BL10), 
enquanto a fibrose foi maior em C57BL10 do que CBA.

DESCRITORES:	 Esterologia hepática. Esquistossomose mansoni. Camundongo 
isogênico.

REFERENCES

Abath F1.	 G, Morais CN, Montenegro CE, Wynn TA, Montenegro SM. Immunopathogenic 
mechanisms in schistosomiasis: what can be learnt from human studies? Trends Parasitol 22: 85-91, 
2006.
Andrade Z2.	 A, De Azevedo TM. A contribution to the study of acute schistosomiasis (an experimental 
trial). Mem Inst Oswaldo Cruz 82: 311-317, 1987.
Baptista A3.	 P, Andrade ZA. Angiogenesis and schistosomal granuloma formation. Mem Inst Oswaldo 
Cruz 100: 183-185, 2005.
Barros L4.	 A, Neves RH, de Moura EG, Machado-Silva JR. Effects of low-protein diet on Schistosoma 
mansoni morphology visualized by morphometry and confocal laser scanning microscopy. J 
Helminthol 83: 13-21, 2009.
Bin Dajem S5.	 M, Mostafa OM, El-Said FG. Susceptibility of two strains of mice to the infection 
with Schistosoma mansoni: parasitological and biochemical studies. Parasitol Res 103: 1059-1063, 
2008.



218	 REVISTA DE PATOLOGIA TROPICAL

Carson FL, Martin JH, Lynn JA. Formalin fixation for electron microscopy. A re-evaluation. 6.	 Am J 
Clin Pathol 59: 365-373, 1973.
Cheever AW, Lenzi JA, Lenzi HL, Andrade ZA. Experimental models of 7.	 Schistosoma mansoni 
infection. Mem Inst Oswaldo Cruz 97: 917-940, 2002.
Costa-Silva M, Rodrigues-Silva R, Hulstijn M, Neves RH, Panasco MS, Lenzi HL, Machado-Silva 8.	
JR. Natural Schistosoma mansoni infection in Nectomys squamipes: Histopathological and 
morphometric analysis in comparison with experimentally infected N. squamipes and C3H/He 
mice. Mem Inst Oswaldo Cruz 97: 129-142, 2002.
Ellery A9.	 W. Guidelines for specification of animals and husbandry methods when reporting 
the results of animal experiments. Working Committee for the Biological Characterization of 
Laboratory Animals/GV-SOLAS. Lab Anim 19: 106-108, 1985.
Fallon PG, Smith P, Richardson EJ, Jones FJ, Faulkner HC, Van Snick J, Renauld JC, Grencis 10.	
RK, Dunne DW. Expression of interleukin-9 leads to Th2 cytokine-dominated responses and fatal 
enteropathy in mice with chronic Schistosoma mansoni infections. Infect Immun 68: 6005-6011, 
2000.
Farah IO, Nyindo M, King CL, Hau J. Hepatic granulomatous response to 11.	 Schistosoma mansoni 
eggs in BALB/c mice and olive baboons (Papio cynocephalus anubis). J Comp Pathol 123: 7-14, 
2000.
Franzén LE, Ekstedt M, Kechagias S, Bodin L. Semiquantitative evaluation overestimates the 12.	
degree of steatosis in liver biopsies: a comparison to stereological point counting. Mod Pathol 18: 
912-916, 2005.
Freire N, Rodrigues-Silva R, Machado-Silva Jr, Rey L. A comparative parasitologic study on 13.	
Biomphalaria glabrata snail and C3H/He mice infected with human and murine isolates of 
Schistosoma mansoni derived from Sumidouro, Rio de Janeiro, Brazil. Mem Inst Oswaldo Cruz 
98: 783-787, 2003.
Friis H, Andersen CB, Vennervald BJ, Christensen NO, Pakkenberg B. The use of a stereological 14.	
method to estimate the volume of Schistosoma mansoni granulomas: the effect of zinc deficiency. 
Ann Trop Med Parasitol 92: 785-792, 1998.
Gundersen HJ. Notes on the estimation of the numerical density of arbitrary profiles: the edge effect. 15.	
J Microsc 111: 219-227, 1977.
Henderson G16.	 S, Nix NA, Montesano MA, Gold D, Freeman GL Jr, McCurley TL, Colley DG. Two 
distinct pathological syndromes in male CBA/J inbred mice with chronic Schistosoma mansoni 
infections. Am J Pathol 142: 703-714, 1993.
Incani RN, Morales G, Cesari IM. Parasite and vertebrate host genetic heterogeneity determine the 17.	
outcome of infection by Schistosoma mansoni. Parasitol Res 87: 131-137, 2001.
Jones JT, Breeze P, Kusel JR. Schistosome fecundity: influence of host genotype and intensity of 18.	
infection. Int J Parasitol 19: 769-777, 1989.
Lazzarini AL, Levine RA, Ploutz-Snyder RJ, Sanderson SO. Advances in digital quantification 19.	
technique enhance discrimination between mild and advanced liver fibrosis in chronic hepatitis C. 
Liver Int 25: 1142–1149, 2005.
Lenzi JA, Mota EM, Pelajo-Machado M, Paiva RAN, Lenzi HL. 20.	 Calomys callous: an alternative 
model to study fibrosis in Schistosomiasis mansoni. The pathology of the acute phase. Men Inst 
Oswaldo Cruz 90: 311-318, 1995.
Lenzi HL, Kimmel E, Schechtman H, Pelajo-Machado M, Romanha WS, Pacheco RG, Mariano M, 21.	
Lenzi JA. Histoarchitecture of schistosomal granuloma development and involution: morphogenetic 
and biomechanical approaches. Mem Inst Oswaldo Cruz 93 Suppl 1: 141-151, 1998.
Machado-Silva JR, Neves RH, da Silva LO, de Oliveira RM, da Silva AC. Do mice genetically 22.	
selected for resistance to oral tolerance provide selective advantage for Schistosoma mansoni 
infection? Exp Parasitol 111: 1-7, 2005.
Mandarim-de-Lacerda CA, Pereira LMM. The effects of spironolactone monotherapy on blood 23.	
pressure and myocardial remodeling in spontaneously hypertensive rats: a stereological study. J 
Biomed Sci 10: 50-57, 2003.



Vol. 39 (3): 211-219. jul.-set. 2010	 219

Martinez EM, Neves RH, Oliveira RMF, Machado-Silva JR, Rey L. Características biológicas e 24.	
morfológicas de cepas brasileiras de Schistosoma mansoni em Mus musculus. Rev Soc Bras Med 
Trop 36: 557-564, 2003.
Neves RH, Alencar AC, Aguila MB, Mandarim-de-Lacerda CA, Machado-Silva JR, Gomes DC. 25.	
Hepatic stereology of Schistosomiasis mansoni infected-mice fed a high-fat diet. Mem Inst Oswaldo 
Cruz 101: 253-260, 2006.
Neves RH, Miranda de Barros Alencar AC, Costa-Silva M, Aguila MB, Mandarim-de-Lacerda 26.	
CA, Machado-Silva JR, Gomes DC. Long-term feeding a high-fat diet causes histological and 
parasitological effects on murine schistosomiasis mansoni outcome. Exp Parasitol 115: 324-332, 
2007.
Rocha RL, Rocha MO, Pedroso ER, Colosimo EA, Coelho PM. Egg excretion in the initial phase 27.	
of experimental murine schistosomiasis mansoni: stability and association with worm burden. Rev 
Inst Med Trop Sao Paulo 37: 325-329, 1995.
Scherle W. A simple method for volumetry of organs in quantitative stereology. 28.	 Mikroskopie 26: 
57-63, 1970.
Silva LM, Oliveira SA, Ribeiro-dos-Santos R, Andrade ZA, Soares MB. Comparison of immune 29.	
responses of Schistosoma mansoni-infected mice with distinct chronic forms of the disease. Acta 
Trop 91: 189-196, 2004.
Strobel S, Miller HPR, Ferguson A. Human intestinal mucosal mast cells: Evaluation of fixation and 30.	
techniques. J Clin Pathol 34: 851-858, 1981.
Valadares TE, Coelho PM, Pellegrino J, Sampaio IB. 31.	 Schistosoma mansoni: aspects of the 
oviposition of the LE’ strain in mice infected with a couple of worms Rev Inst Med Trop Sao Paulo 
23: 6-11, 1981.
Van de Vijver KK, Colpaert CG, Jacobs W, Kuypers K, Hokke CH, Deelder AM, Van Marck EA. 32.	
The host’s genetic background determines the extent of angiogenesis induced by schistosome egg 
antigens. Acta Trop 99: 243-251, 2006.
Warren KS, Peters PA. Quantitative aspects of exposure time and cercarial dispersion on penetration 33.	
and maturation of Schistosoma mansoni in mice. Ann Trop Med Parasitol 61: 294-301, 1967.
Zar JH. Biostatistical analysis34.	 . Prentice Hall: Upper Saddle River, 1999.



220	 REVISTA DE PATOLOGIA TROPICAL


