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Summary: 

Eosinophils and mast cells in the skin of Wistar rats (Rattus 

norvegicus) infested with Dermatobia hominis larvae were 

quantified and analysed. Eosinophils in parasitised skin increased 

markedly until 10 days post-infestation (dpi) and then decreased 

up to 28 dpi, close to the point at which third stage larvae (L3) 

emerged from the host. In ascending order, the highest numbers of 

eosinophils were seen in rats at 1, 4, 28, 20, 15 and 10 dpi, 

corresponding to the first, (1 and 4) third (20 and 28] and 

second (10 and 15) instars. Except for 1 dpi, eosinophil numbers 

were significantly higher than those seen in control animals. Mast 

cell numbers were highest in early infestations (4 dpi), followed by 

those at 20 dpi. In increasing order, numbers of mast cells were 

greatest at 10, 28, 15, 1, 20 and 4 dpi, although significant 

differences with control animals were only seen at 1 0 and 

28 dpi. Eosinophils and mast cells showed negative correlation 

only in animals with second instar larvae (10 and 15 dpi). 

Comparative analyses were also carried out after considering the 

skin into four distinct regions. The results suggest that the 

expression of both cell types, particularly eosinophils, is an 

important host response to infestation by D. hominis. 
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Résumé: EXPRESSION D'ÉOSINOPHILE ET DE MASTOCYTE DANS LE 
DERME SUPERFICIEL DE L'HÔTE DURANT LE DÉVELOPPEMENT LARVAIRE DE 
DERMATOBIA HOMINIS 

Les éosinophiles et les mastocytes du derme superficiel de rats 

Wistar /Rattus norvegicus), infectés par des larves de Dermatobia 

hominis, ont été quantifiés et analysés. Les éosinophiles dans la 

couche superficielle parasitée ont augmenté de manière marquée 

jusqu'au 10ème jour après l'infection (dpi), puis décru jusqu'au 

28
ème

 jour qui correspond au moment où la larve de troisième 

stage émerge de l'hôte. En ordre croissant, les comptages 

d'eosinophiles les plus élevés ont été observés chez les rats après 

1, 4, 28, 20, 15 et 10 dpi, correspondant au premier (1 et 4), 

troisième (20 et 28) et deuxième (10 et 15) stages. Les quantités 

d'éosinophiles ont été significativement plus élévées que celles 

observées pour les animaux du groupe contrôle (à l'exception de 

1 dpi). Les nombres de mastocytes ont été plus élevés au début 

de l'infestation (4 dpi), suivis par ceux du 20ème jour. En ordre 

croissant, les quantités de mastocytes ont été plus élevées pour 

10, 28, 15, 1, 20 et 4 dpi, bien que des différences 

significatives avec le groupe contrôle n'aient été notées que pour 

10 et 28 dpi. Les éosinophiles et mastocytes ont montré une 

corrélation négative seulement chez les animaux ayant une larve 

du deuxième stage (10 et 15 dpi). Des analyses comparatives ont 

été également effectuées après avoir divisé la peau en quatre 

régions distinctes. Les résultats suggèrent que l'expression des deux 

types de cellules, particulièrement les éosinophiles, est une réponse 

importante de l'hôte à l'infestation par D. hominis. 

MOTS CLES : éosinophile, mastocyte, peau, myiase, Dermatobia hominis. 

INTRODUCTION 

Z o o n o t i c c u t a n e o u s myias is c a u s e d by the 

human bot fly Dermatobia hominis is a neo

tropical d i sease o f medica l and veter inary 

importance. Its major impact is on livestock produc

tion ( ruminants ) , causing cons ide rab le e c o n o m i c 

losses (Hall & Wall, 1995) . Although chemical larvi-

c ides are used in prophylac t ic measures against 

D. hominis furinculosis, it remains enzoot ic in many 
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countries (Guimaraes & Papavero, 1999b) and deve

lopment o f alternative, more effective tools against 

D. hominis require further studies o f the parasite-host 

relationship (Sandeman, 1996; Otranto. 2001) . A pre

vious article (Pereira et ai, 2 0 0 1 ) reported a suitable 

laboratory model for studying D. hominis myiasis. 

Large numbers o f eosinophils and mast cells were 

observed in skin lesions infested by Hypoderma 

lineatum (Villers) (Simmons, 1937; Nelson & Wein-

traub, 1972) , D. hominis (Oliveira-Sequeira et a!.. 

1996) Lucilia cuprina (Wedemann) (Bowles et al.. 

1992; Colditz et al., 1994) but little is known about a 

quantitative measurements of both cells. As a conti

nuation of our earlier studies on D. hominis (Pereira 

et al., 2001) , we monitored the numbers o f eosino

phils and mast cells present in bots through the whole 

period o f larval development. 
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MATERIALS AND METHODS 

Two month-old adult male Wistar rats (Rattus nor-

vegicus) were each submitted to skin infestation 

with four newly hatched D. hominis reared in 

our laboratory. Six groups each consisting o f five 

infested rats were sacrificed to provide skin samples 

at 1, 4, 10, 15, 20 and 28 days-post-infestation (dpi) 

corresponding to different stages o f bot development 

(Pereira et al., 2001) ; larvae at 1 and 4 dpi corres

ponded to the first instar (L I ) , those at 10 and 15 dpi 

to the second instar (L2) and those at 20 and 28 dpi 

to the third instar (L3). Five other rats were maintained 

as a control group. The tissue obtained was fixed in 

modified Millonig's phosphate-buffered formalin at pH 

7.4 and embedded in paraffin. Histological skin sec

tions (5 pm) o f each sample were stained with Domi-

nici and both eosinophils and mast cells counted 

within 40 total fields or 10 fields at a magnification o f 

400x in each o f four distinct regions that were desi

gnated as A (superficial dermis) , B (intermediary 

dermis), C (deep dermis plus superficial subdermis) 

and D (deep subdermis) . Intravascular cells were 

excluded from the count. 

The results were analysed by non-parametric statistic 

methods (WinSTAT, 1994) , using differences in mean 

ranks, by comparison among all the groups using 

independent (Kruskal-Wall is test) and dependen t 

(Friedman test) variables and between pairs o f the 

groups using independent (Mann-Whitney U-test) and 

dependent (Wilcoxon test) variables. Differences bet

ween the skin regions o f infested animals were not 

analysed by Mann-Whitney U-test. The data are repre

sented in box and whisker plots, the middle line cor

responding to the median and the lower and upper 

lines representing the 25th and 75th percentiles, res

pectively (50 % o f the data fall within the box, and 

2 5 % each above and below). The whiskers above and 

below the b o x plot indicate the 95th and 5th percen

tiles, respectively. Spearman rank correlation between 

eosinophils and mast cells was also analysed between 

the control, LI, L2 and L3 groups. Values o f P < 0.05 

were considered significant. 

RESULTS 

EOSINOPHILS 

Eosinophil numbers counted in the four distinct 
regions of dermal and subdermal tissue (Figs 1 
and 2) of control animals and those infested with 

D. hominis are shown in Table I. When control and 
infested groups were compared by Kruskal-Wallis tesl 
without considering regions separately, eosinophil 

numbers were significantly different, their mean rank 

being the following, in ascending order: 0 (control) , 

1, 4, 28, 20, 15 and 10 dpi (Fig. 3 ) . Based on analysis 

by Mann-Whitney U-test, the numbers o f eosinophils 

in all infested groups except 1 dpi were significantly 

different from the control. When each infested group 

was compared by Mann-Whitney U-test with the next 

Figs 1, 2. - Skin sections of rat infested with Dermatobia hominis 

larvae. (1) Typical example at four days post-infestation, indicating 
the regions (A, B, C and D) where the eosinophils and mast cells 
were counted. Asterisk = epidermis, star = two larval tracheoles and 
arrowhead = larval gut. (2) Eosinophils (arrowheads) and mast cells 
(arrows) at 10 days post-infestation. 
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Group 

A region B region C region D region 

Group N M X SD N M X SD N M X SD N M X SD 

Control 43.0 0.4 0.9 1.1 41.0 0.6 0.8 0.8 59.0 0.5 1.2 1.5 34.0 0.3 0.7 1.0 

1 day 133.0 2.7 2.7 2.2 177.0 3.5 3.5 2.5 141.0 2.8 2.8 1.6 71.0 l.S 1 . ) 0.9 
4 days 118.0 2.5 2.4 1.2 242.0 3.3 4.8 4.2 318.0 6.5 6.4 3.9 162.0 3.5 3.2 2.8 

10 days 1,019.0 6.3 20.3 25.7 5.511.0 87.0 110.2 38.0 3,745.0 71.6 74.9 37.8 2,323.0 28.7 46.5 32.7 
15 days 175.0 3 3.5 1.2 1,343.0 13.6 26.9 24.4 2,464.0 52.8 49.2 25.4 1,495.0 23.4 29.9 28.3 
20 days 136.0 2.5 2.7 1.2 627.0 11.6 12.5 7.2 1,183.0 30.3 23.7 13.9 553.0 5.9 11.1 15.3 
28 days 176.0 3.5 3.5 1.5 464.0 9.5 9.3 1.7 946.0 20.2 18.9 7.1 335.0 6.5 6.7 3.8 

Table I. - Total number (N), median (M), mean (X) and stand deviation (SD) of eosinophils counted in the four skin regions of the control 
and infested rat with Dermatobia bominis larvae. 

Fig. 3- - Box and whisker plots representing the numbers of eosi

nophils in the skin of control rats and those infested with Derma-

tobia hominis larvae for different periods (Kruskal-Wallis test). 

Fig. 4. - Box and whisker plots representing the numbers of eosi

nophils in the skin of control rats and those infested with Derma

tobia bominis based on larval development stage (Kruskal-Wallis 

test). 

in rank, significant differences were seen for all pairs 

except 1 vs 4 and 20 vs 28 dpi. Comparisons between 

each o f the three larval instars in the host and control 

animals revealed significant differences (Kruskal-Wallis, 

P < 0 .05) . numbers o f eosinophils being successively 

greater in LI , L3 and L2 (Fig. 4 ) . When analysed by 

Mann-Whitney U test, significant differences were 

observed for L2 (LI vs L2 and L2 vs L3) and L3 (LI vs 

L3). Considering each o f the four regions o f the sec

tion separately, eosinophils (Kruskal-Wallis, P < 0.05) 

were detected in B and C at the following number o f 

days post-infestation (ranked from lowest to highest 

numbers): 0 (control), 1, 4, 28, 20, 15 and 10. In D eosi

noph i l s w e r e s u c c e s s i v e l y most abundan t on 0 

(control), 1, 4, 20, 28, 15 and 10 dpi. They were indis

tinct in A. Comparison between similar regions in rats 

o f the control and infested groups did not reveal sta

tistically significant differences only between 1 dpi vs 

control (for all regions) and 4 or 20 dpi vs control for 

both A and D. When each o f the three larval stages 

was compared with the control, significantly higher 

eosinophil numbers (P < 0 .05) occurred in regions A, 

B , C and D (mean rank: LI, L3 and L2). Mean rank 

values of numbers o f eosinophils in skin regions asso

ciated with larval stages are illustrated in Figure 5. 

Absence of significant differences in eosinophil num

bers were observed only between the control group 

and that infested with LI larvae in the A, C and D 

regions. Significant differences in eosinophil numbers 

based on the Friedman test (excluding the control 

group) were observed among the four skin regions, 

Fig. 5. - Histogram representing mean rank values of eosinophils 

in the skin of control rats and those infested with Dermatobia 

bominis larvae, indicating the different regions or sections and 

three larval stages (LI, L2, L3). 
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eosinophil numbers in being highest in region C, fol

lowed by B, D and A. Wilcoxon analysis o f these fin

dings revealed statistically significant differences in C 

vs. each o f the other three skin regions, B (B vs A and 

B vs D) and D (D vs A). 

MAST CELLS 

The numbers o f mast cells in the skin regions (Fig. 2) 

are presented in Table II. When results from all regions 

were analysed together by Kruskal-Wallis test, the 

order of mean ranks was: 10, 28, 0 (control), 15, 1, 20 

and 4 dpi (Fig. 6) . Based on analyses by Mann-Whitney 

U test, mast cell numbers in the control group were 

significantly higher than those o f infested animals at 

10 and 28 dpi. Significant differences were also seen 

for 1, 4, 15 and 20 dpi vs 10 dpi, and for 1, 4 and 

20 dpi vs 28 dpi. Comparisons by Kruskal-Wallis test 

between mast cell numbers in the controls and those 

in the three larval stages grouped together were not 

significant (Fig. 7 ) . By Mann-Whitney U test control vs 

larval stages or be tween larval stages mast cell num

bers were not significant. Mast cell numbers in skin 

regions o f infested animals (analysed by Kruskal-

Fig. 6. - Box and whisker plots representing the numbers of mast 
cells in the skin of control rats and those infested with Dermatobia 

hominis larvae for different periods (Kruskal-Wallis test). 

Fig. 7. - Box and whisker plots representing mast cells in the skin 
of control rats and those infested with Dermatobia hominis based 
on larval development (Kruskal-Wallis test). 

Wallis) were significantly different from than those o f 

the corresponding control in A (mean rank: 28, 10, 0 

(control) , 15, 20, 1, and 4 dpi), B (28 , 10, 15, 0 

(control), 20, 4, and 1) and C (10, 28, 20, 4, 15, 0 

(control), and 1 dpi), but not in D. In A and B mast 

cell numbers were significantly higher than the control 

at 4 and 1 dpi respectively, whereas in C they were 

significantly lower than the control at 10 and 28 dpi). 

Comparison of mast cell numbers associated with each 

o f the larval instars by Kruskal-Wallis revealed signifi

cant differences only in regions A (ranks according to 

increasing numbers: control, L2, L3, L I ) and B (ranks: 

L2, L3, control, L I ) . The mean ranks o f mast cells in 

the four skin regions of control and infested animals 

are presented in Figure 8. The Mann-Whitney U test 

revealed significantly higher numbers o f mast cells in 

region A of skin infested with LI larvae compared with 

the control as well as in skin o f control rats compared 

to that of those infested with L3 larvae in region C. 

Significantly higher numbers o f mast cells were seen 

in skin o f infested animals in three regions (ranked in 

increasing order: D, B, A and C) based on the Fried

man test. No significant differences were observed 

between regions A and B , but mast cell numbers in 

Group 

A region B region C region D region 

Group N M X SD N M X SD N M X SD N M X SD 

Control 230.0 4.9 4.6 0.8 225.0 4.4 4.5 1.6 417.0 8.8 8.3 2.1 161.0 3.2 3.2 1.1 
1 day 420.0 7.4 8.4 4.3 394.0 7.8 7.9 2,1 552.0 11.0 11.0 5.0 201.0 4.4 4.0 2.0 
4 days 401.0 7.6 8.0 2.0 282.0 5.5 5.6 1.6 420.0 8.1 8.4 4.1 168.0 3.6 3.4 1.8 

10 days 178.0 3.3 3.6 2.1 215.0 4.4 4.3 2.8 163.0 3.5 3.3 2.2 108.0 2.3 2.2 1.0 
15 days 300.0 6.3 6.0 3.8 218.0 3.5 4.4 3.1 409.0 8.8 8.2 4.6 263.0 5.3 5.3 2.5 
20 days 342.0 7.6 6.8 1.9 353.0 5.1 7.1 5.4 328.0 ".1 6.6 1.7 230.0 3.9 4.6 1.8 
28 days 187.0 3.1 3.7 1.2 158.0 3.1 3.2 0.2 251.0 4.6 5.0 0.9 184.0 3.4 3.7 1.2 

Table II. - Total number (N), median (M), mean (X) and stand deviation (SD) of mast cells counted in the four skin regions of the control 
and infested rat with Dermatobia hominis larvae. 
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Fig. 8. - Histogram representing mean rank values of mast cells in 
skin of control rats and those infested with Dermatobta homints 

larvae, indicating the regions and three larval stages (LI. L2. L3). 

Fig. 9. - Relation between eosinophil and mast cell numbers in 
control rats and those infested with Dermatobia hominis larvae at 
different developmental stages. 

region C were significantly higher than those in both 

A and B . Cell numbers in A and B were also signifi

cantly higher than in region D. The association of eosi

nophils and mast cells (Spearman correlation) showed 

a significant negative correlation (r = - 0.65, P = 0.02) 

only in animals infested with L2 larvae (Fig. 9 ) . 

DISCUSSION 

Human bot fly myiasis usually occurs over a 

period of four-eight weeks, both under natural 

condi t ions and in exper imenta l infect ions 

involving multiple mammalian hosts (Dunn, 1930; 

Jobs e n & Mourier, 1972) . Other obligatory cutaneous 

myiases in mammals last only one-two weeks, as in 

the screwworm fly Cochliomyia hominivorax (Gui-

maraes & Papavero, 1999a) , or several months, as in 

the warb le flies Hypoderma spp. (Schol l , 1 9 9 3 ) . 

Immune reactions occur as a response to the physical 

presence o f larvae and to their secretions and excre

tions, although little is known about the mechanisms 

involved (Otranto, 2001) . T w o larval moults occur 

during the parasitic phase o f the D. hominis life cycle 

(LI to L2 at about 7 dpi and L2 to L3 at about 18 dpi), 

after which the mature larva abandons the host, the 

exit point being marked by a scar which forms within 

two weeks (Pereira et al., 2001) . Although eosinophils 

and mast cells have been previously noted in dermal 

myiasis caused by calliphorids and bot flies (Otranto, 

2001) , the present study represents the first attempt to 

quantify their presence. Particularly in skin lesions by 

D. hominis, the increase o f eosinophils and mast cells 

has been observed in human case (Grogan et al., 

1987) and during the first days in experimental cattle 

(Oliveira-Sequeira et al., 1996). Significant numbers of 

eosinophils and mast cells were also observed in small 

ruminants with naso-sinusal myiasis caused by Oestrus 

ovis, over 85 % of the infestation being due to LI larvae 

(Van-Khanh et al., 1996; 1999). Unlike in the present 

study based on non-parametric analyses, these authors 

found that numbers o f eosinophils and mast cells were 

normally distributed in the naso-sinusal tissues o f 

sheep and goats (eosinophils 16-35 times in sheep and 

eight times in goats; mast cells one-two times in both 

hosts). 

In skin lesions caused by D. hominis or other myiasis, 

eosinophils and mast cells may have functions analo

gous to those occurring in mammal hosts as a conse

quence of inflammatory and immune (innate and adap

tive) responses against other pathogens (Metcalfe et al., 

1997; Behm & Ovington, 2000) . Although their full 

complement o f roles is unknown, the primary func

tion o f the eosinophils has been described as media

tion in allergic (Fan et al., 2000) and infectious pro

cesses (Wikel, 1996; Cara et al., 2000) involving lytic 

action by secreted products or phagocytosis o f cells, 

tissues and pathogens, including helminths and other 

metazoan parasites (Maizels & Holland, 1998; Meeusen 

ct Balic, 2000). The eosinophilic response to D. hominis 

infestation was most marked at 10 dpi and was signi

ficant during all stages o f infestation, whether or not 

the four skin regions were analysed separately. This 

occurred during early development o f the second 

instar, whose molecules may be important in eliciting 

eosinophil chemotaxis in skin. LI and L3 larvae were 

also able to elicit eosinophilia, although to a lesser 

extent. Rapid (four-five days) eosinophil turnover at 

inflammatory sites (Behm & Ovington, 2000) also may 

occur in D. hominis infestation. 

Eosinophilia in intermediary and deep (but not super

ficial) dermal and subdermal regions situated close to 

the bots was probably a response to chemiotatic pro

ducts produced by the salivary glands and midgut, and 

secreted through the larval oral opening. 

Mast cells , which differentiate and mature in the 

connective and mucosal tissues of the host, show phe-

notypic, histochemical and functional heterogeneities 
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and are able to exercise phagocytosis, process antigens, 

produce chemokines , deliver proteases, and express 

molecular receptors to specific and unspecific stimuli 

(Metcalfe et al., 1997; Maizels & Holland, 1998; Hol-

gate et al., 2 0 0 0 ) . In contrast to the eosinophil ia 

observed in the present study, dermal mastocytosis did 

not occur during infestation with D. hominis, the num

bers o f mast cells being significantly higher in animals 

of the control group than those o f infested animals at 

10 and 28 dpi. Generalised mastocytosis was not obser

ved in skin infested by any of the three larval stages. 

However, mast cell numbers were significantly higher 

than controls and were sometimes observed in focal 

mastocytosis (e.g. in superficial dermis at 4 dpi and 

intermediary dermis at 1 dpi). These concentrations 

probably occurred as a defensive strategy against larval 

D. hominis. In certain areas, including rodent skin, 

mast cells can deliver specific proteases (Beil et AL., 

2000) . They may not be required in great numbers 

because they are resident in tissues and have a life 

span o f several months (Yong, 1997) . The inverse 

relationship between cell numbers o f the two types in 

skin parasitised by L2 larvae confirms the crucial impor

tance of eosinophils and mast cell expression in myiasis 

due to D. hominis. This relationship is the result o f 

complex, flexible mechanisms which should be further 

studied to help reduce the consequences o f dermato-

biosis to human and animal health. 
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