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ABSTRACT: Haemocytes of Ixodes scapularis were characterized on the basis of their 
ultrastructure by transmission electron microscopy of thin sections. Three types of 
haemocytes were identified: prohaemocytes, plasmatocytes, and granulocytes. Pro
haemocytes are undifferentiated cells containing very little cytoplasm (high nucelo
cytoplasmic ratio). Plasmatocytes are rich in free ribosomes, mitochondria, rough 
endoplasmic reticulum, and have numerous peripheral vacuoles. Granulocytes are 
polymorphic cells containing granular inclusions and filopodia on the surface. 
Granulocytes are divided into two morphological types, type I and 11, based on the 
structure of the granules. 

REsUME: Les hemocytes d'Ixodes scapularis ont ete caracterises par leur ultrastructure 
en microscopie electronique. Trois types d'hemocytes ont ete identifies : les prohe
mocytes, plasmatocytes et granulocytes. Les prohemocytes sont des cellules indiffe
renciees presentant un rapport nucleo-cytoplasmique eleve. Les plasmatocytes sont 
caracterises par de nombreux ribosomes libres, des mitochondries, du reticulum 
endoplasmique rugueux et des vacuoles peripheriques. Les granulocytes sont poly
morphes, avec beaucoup de granules et des filopodes Les granulocytes sont subdivises 
en deux types morphologiques, types I et 11. Cette subdivision est basee sur la 
struct~re fine des granules. 

INTRODUCTION Successful development of B. burgdorferi and B. 
microti in ticks depends, in part, on their ability to 

evade the tick's immunological defenses. Unfortu
nately, far less is known about the immune mecha
nisms of ticks than about those of insects and 
crustaceans (KHuN & HAUG, 1994). 

Ixodes scapularis Say (formerly Ixodes dammini 
Spielman, Clifford, Piesman & Corwin) (OLIVER et 
al., 1993) i~ the principal vector of Babesia microti 
(SPIELMAN et al. 1979) and Borrelia burgdorferi 
(BURGDORFER et al., 1982) in the USA. Tick-borne 
pathogens go through a developmental migration 
from the digestive tract to the salivary glands. 
Understanding of the interactions between hae
mocytes and these pathogens as they move through 
the haemocel is of major importance. 

The spirochetal infection in unfed I. scapularis, as 
well as in unfed I. ricinus, is often localized in the 

midgut (BENACH et al., 1987; RIBEIRO et al., 1987; 
BURGDORFER et al., 1988; 1989; GERN et al., 1990). 
This phenomenon could be explained by phagocy
tosis of B. burgdorferi by haemocytes in the hae-
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mocoel. The fact that B. burgdorferi is phagocytized 
by I. ricinus haemocytes in vitro (KHuN et al., 1994; 
RITTING et al., 1994) supports this hypothesis. A 
deficient immunological system in some individual 
ticks might result in generalized infection with B. 
burgdorferi (ZmouA et al., 1994). 

EGGENBERGER et al. (1990) found that plastic 
implants (Epon-araldite) were encapsulated by hae
mocytes in Dermacentor variabilis. Encapsulation 
was biphasic, involving a recognition phase and a 
capsule-formation phase. Type-II granulocytes, fol
lowed by type-I granulocytes, degranulated and 
initiated recognition of the foreign material. Coa
gulation of haemolymph involved formation of a 
coat around the implant with electron-dense granu
les. Plasmatocytes and type-I granulocytes were 
responsible for capsule-formation around the 
implant. Ixodes ricinus haemocytes were also invol
ved in the phagocytosis of abiotic and biotic 
material: Type-I granulocytes phagocytized latex 
beads, while plasmatocytes and granulocytes pha
gocytized bacteria (Micrococcus lysideicticus) 
(KHUN & HAUG, 1994). 

Phenoloxidase activity, an important mode of 
humoral immunity in insects, is apparently absent 
in ticks such as I. scapularis, D. variabilis, and 
Amblyomma americanum (ZHIOUA et al., in prepara
tion). This observation is compatible with the re
ported absence of melanin granules at the surface of 
implants in D. variabilis (EGGENBERGER et al., 1990). 

These results suggest that haemocytes play a 
dominant role in the tick immune response. In this 
paper, we describe the ultrastructure of the hae
mocytes in the haemolymph of I . scapularis as 
observed by transmission electron microscopy of 
thin sections. 

MATERIALS AND METHODS 

Ticks (I. scapularis) were collected from the 
Tower forest (Kingston, Rhode Island). Due to the 
small amount of haemolymph in immature and 
male ticks, only females were used in this study. 
Females were fed on a New Zealand white rabbit 
(Oryctolagus cuniculus) and hand-removed after 
four days engorgement. 

Twenty ticks were bled by amputating one or 
more legs at the coxa level into 0.5 ml of ice-cold 
anticoagulant (10 mM EDTA, 100 mM glucose, 
145 mM NaCl, 30 mM trisodium citrate, 26 mM 
citric acid, pH 4.6: 370 mOsM) (DURRANT et al., 
1993) and fixed by the addition of 2% glutaral
dehyde. The sample was then centrifuged at 6,000 g 
for 20 min and the cells in the pellet were embedded 
in molten 1.5 % purified agar at 44° C which was 
then cooled to solidify. Small pieces of agar contai
ning cells were fixed overnight at 4° C in 2% 
glutaraldehyde in 0.1M sodium cacodylate buffer, 
pH 7 .4, with 2 % sucrose. The specimens were then 
washed three times with cacodylate buffer and 
postfixed in 2 % osmium tetroxide in cacodylate 
buffer for 3 h at 4° C, dehydrated in a graded 
ethanol series, and embedded in SPURR's epoxy 
resin (SPURR, 1969). Thin sections were cut on a 
DupontjSorval ultramicrotome with a diamond 
knife, stained with uranyl acetate followed by lead 
citrate, and examined with a JOEL 1200EX trans
mission electron microscope. 

OBSERVATIONS 

Three types of haemocytes were identified in the 
haemolymph fluid of I. scapularis females. 

Prohaemocytes 

These undifferentiated cells were rare in the study 
preparations. Prohaemocytes are small and round 
(3.8 x 6.8 11m diam.) with a prominent nucleus. A 
small rim of cytoplasm surrounds the nucleus. The 
nucleo-cytoplasmic ratio is very high. The cyto
plasm appears to contain free ribosomes, mitochon
dria, and small amount of rough endoplasmic 
reticulum (RER) (Fig. 1). Inclusion bodies, or 
granules were not observed. 

Plasmatocytes 

These cells are ovoid to spindle-shaped and larger 
than prohaemocytes (8.1 x 15.6 11m diam.) (Fig. 2). 
Numerous mitochondria surround the nucleus. The 
rough endoplasmic reticulum is well-developed and 
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FIG. 1: Prohaemocytes with large nucleus (Nu) occupying most of the cell volume, mitochondria (m) and rough endoplasmic reticulum 

(rer). x 18,600. Scale bars = 1.0 ~m. FIG. 2: Plasmatocyte with central nucleus (Nu), mitochondria (m), rough endoplasmic reticulum 
(rer) and vacuoles (v). x 8300. Scale bars = 1.0 ~m. FIG. 3: Type-I granulocyte with two types of granular inclusions: electron-dense 
granule (eg), lamellate granule (lg), filopodia (f), rough endoplasmic reticulum (rer). x 9900. Scale bars = 1.0 ~m. FIG. 4: Type-11 
granulocyte with one type of granular inclusion: electron-dense granule (eg), filopodia (f), rough endoplasmic reticulum (rer), Golgi 
apparatus (G). x 9700. Scale bars = 1.0 ~m. 
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abundant. The cytoplasm is rich in free ribosomes, 
and lysosomes are prominent. No granular inclu
sions or filopodia were observed. Peripheral 
membrane-bounded vacuoles were numerous. 

Granulocytes 

Granulocytes were the largest (11.9 x 25.0 J.lm 
diam.) and most common cells in the haemolymph 
fluid of I. scapularis. These cells are extremely 
polymorphic and are differentiated from the other 
types of haemocytes by the presence of granules 
and filopodia. Two types of granulocytes were 
identified: Type I and Type 11. Type I granulocytes 
contain two morphological types of granules 
(Fig. 3). One granule has a lamellate structure 
(Fig. 5) while the other granule has a uniformly 
electron-dense appearance (Fig. 6). Both types of 
granules are membrane-bound, and vary in size and 
shape. In type I granulocytes, the RER is well
developed, often with enlarged cisternae. Numerous 
Golgi complexes in association with small vesicles 
and primary lysosomes were also observed. Type 11 
granulocytes contain only the uniformly electron
dense granules (Fig. 4). These electron-dense gra
nules are round to oval-shaped and often fill the 
cytoplasm. The RER is also well-developed, with 
narrow elongate cisternae surrounding the nucleus. 
Golgi complexes are adjacent to long cisternae and 
are associated with small vesicles. Filopodia were 
observed in both types of granulocytes. 

DISCUSSION 

The haemocytes of I. scapularis females were 
classified according to the scheme of BREHELIN & 
ZACHARY (1986). Three types of haemocytes were 
recognized on the basis of their ultrastructure: 
prohaemocytes, plasmatocytes, and granulocytes. 
These types of haemocytes have previously been 
identified in I. ricinus (KHuN and HAUG, 1994), D. 
variabilis (SONENSHINE, 1991), Hyalomma asiaticum 
(AMOSOVA, 1983), Argas arboreus (EL SHOURA, 
1986) and Ornithodoros erraticus (EL SHOURA, 
1989). However, BRINTON & BURGDORFER (1971) 
reported four types of haemocytes in Dermacentor 

FIG. 5 : Lamellate granule. x 31,400. Scale bar = 0.51-lm. 
FIG. 6 : Electron-dense granule. x 31,600. Scale bar = 0.51-lm. 

andersoni; prohaemocytes, plasmatocytes, spheru
locytes and oenocytes. These authors considet;ed 
granular cells as spherulocytes and they subdivided 
them into four subtypes. It appears that prohae
mocytes, plasmatocytes, and granulocytes are the 
most common haemocytes in ixodid, as well as in 
argasid ticks. 

The ultrastructure of the prohaemocytes of I. 
scapularis is similar to that of other tick species 
(BRINTON & BURGDORFER,1971; KHuN & HAUG, 
1994; AMOSOVA, 1983; SONENSHINE, 1991; and EL 
SHOURA, 1986; & 1989) as well as that of insect 
prohaemocytes (BREHELIN & ZACHARY, 1986). 
These latter cells are generally considered stem cells 
from which other types of haemocytes differentiate 
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(EL SHOURA, 1986; 1989, SONENSHINE, 1991). 
However, the role of prohaemocytes in haemocyte 
production in /. ricinus is unclear, and evidence 
concerning an haemopoietic organ is lacking 
(KHuN & HAUG, 1994). According to FunsAKI 
et al. (1975), prohaemocytes might change to 
plasmatocytes.. Hence, further studies are needed 
to establish the role of prohaemocytes as stem 
cells. 

Plasmatocyte ultrastructure in I. scapularis is 
similar to that in other tick species, including I. 
ricinus (KHuN & HAUG, 1994), D . variabilis (SONEN
SHINE, 1991), H. asiaticum (AMOSOVA, 1983), 0. 
erraticus (EL SHOURA, 1989), A. arboreus (EL 
SHOURA, 1986), D. andersoni (BRINTON & BURG
DORFER, 1971), and in insects (BREHELIN & 
ZACHARY, 1986). These plasmatocytes are generally 
characterized as having many peripheral 
membrane-bound vacuoles and the absence of 
granular inclusions. DoLP (1970) classified the 
plasmatocytes as early or advanced, based on the 
number of vacuoles. The abundant vacuoles and 
lysosomes in these cells indicate high endocytic 
activity. The plasmatocytes of I. ricinus have been 
shown to phagocytize M. lysideicticus (KHuN & 
HAUG, 1994), and those from D. andersoni pha
gocytized mitochondria (BRINTON & BURGDORFER, 
1971). In argasid ticks, plasmatocytes phagocytized 
bacteria of the genera Spirochaeta and Brucella 
(BINNIGTON & 0BENCHAIN, 1971), while in D. 
variabilis they played a role in hemocytic encapsu
lation (EGGENBERGER et al., 1990). 

Two types of granulocytes were distinguished in 
I. scapularis by the ultrastructure of the granular 
inclusions in these cells. Type I granulocytes are 
characterized by two types of granular inclusions; 
electron-dense granules and granules with lamellate 
elements. These granulocytes are similar to the 
type IV spherulocytes of D. andersoni (BINNINGTON 
& 0BENCHAIN 1971). Type 11 granulocytes contain 
only electron-dense granules. These cells are similar 
to the type I spherulocytes of D. andersoni (AMo
sovA, 1983). SoNENSHINE (1991) reported two types 
of granulocytes in D. variabilis, type I and type 11, 
and a fourth type of haemocyte (called a spheru
locyte), which is a small, round cell containing large 
granules filled with a matrix of fibrillar material 

resembling those found in type I granulocytes. In I. 
ricinus, two types of granulocytes were also descri
bed; type I and type 11, which differ in the shape of 
the granules. Type I granulocytes are characterized 
by spindle-shaped granules, sometimes with a 
lamellate substructure. They are similar to type IV 
spherulocytes and/or type I granulocytes of D. 
andersoni. Type 11 granulocytes contain only sphe
rical electron-dense granules (KHuN & HAuG, 
1994). In the argasid ticks, 0. erraticus and A. 
arboreus, only one type of granulocyte was repor
ted, which contained only electron-dense granules 
(EL SHOURA, 1986; 1989). In insects, four types of 
granulocytes (I to IV) were recognized by BREHELIN 
and ZACHARY (1986). Type-I granulocytes are cha
racterized by three morphological types of granular 
inclusions: membrane-bound granules with a lamel
late structure, membrane-bound electron-dense gra
nules, and heterogeneous inclusions with multivesi
cular bodies, resorptive in nature. Type I and 11 
granulocytes have been shown to be involved in 
phagocytosis of foreign bodies (KHuN & HAUG, 
1994) and in haemocytic encapsulation (EGGENBER
GER et al., 1990). 

The description of the haemocytes of I. scapularis 
is a step toward understanding the immune res
ponse mechanism of this genus and the relationship 
between B. burgdorferi and its vector. Further 
studies are needed to determine the function of each 
cell type, their enzymatic activity (e.g., acid phos
phatase), and the role of the tick immune system in 
the epizootiology of Lyme Borreliosis. Similar 
studies in other acarine taxa are needed to deter
mine the distribution of haemocyte-types among 
the ticks and related mites. 

ACKNOWLEDGEMENTS 

The authors thank A. AESCHLIMANN, P. LoGAN, 
A. MoRGHAM and S. K. WIKEL for constructive 
comments on early drafts of the manuscript. We are 
grateful to M. YEH for his technical assistance. This 
work benefited from support by the Swiss National 
Foundation of Science, the Department of Plant 
Sciences at the University of Rhode Island, and the 
U.S. National Biological Service. This is contribu-



-178-
tion no. 3153 of the College of Resource Develop
ment, University of Rhode Island. 

REFERENCES 

AMOSOVA (L. 1.), 1979. - Tissues of the internal envi
ronment. -In: BALASHOV (Yu. S.) (Ed) An Atlas of 
Ixodid Tick Ultrastructure. Leningrad, 1979, 289 pp. 
[English translation by RAIKHEL (A. S.). English publi
cation by RAIKHEL (A. S.) & HOOGSTRAAL (H.), edited 
by Entomological Society of America, 1983, pp 147-
174]. 

BENACH (J. L.), COLEMAN (J. L.), SKTN"N"ER (R. A.) & 
BOSLER (E. M.), 1989. - Adult Ixodes dammini on 
rabbits: a hypothesis for the development and trans
mission of Borrelia burgdorferi. - J. infect. Dis., 155: 
1300-1306. 

BINNIGTON (K. C.) & 0BEINCHAIN (F. D.), 1981. -
Structure and function of the circulatory, nervous, and 
neuroendocrine systems of ticks.- In: 0BENCHAIN (F. 
D.) & GALUN (R.) (Eds) Physiology of ticks. Pergamon 
Press, Oxford, pp 351-398. 

BREHELIN (M.) & ZACHARY (D.), 1986. - Insect hae
mocytes: A new classification to rule out the contro
versy. -In: BREHELIN (M.) (ed) Immunity in inverte
brates. Springer-Verlag, Berlin, pp 36-48. 

BRINTON (L. P.) & BURGDORFER (W.), 1971. - Fine 
structure of normal hemocytes in Dermacentor ander
soni Stiles (Acari: Ixodidae). - J. Parasitol., 57 (5): 
1110-1127. 

BURGDORFER (W.), HARBOUR (A. G.), HAYES (S.F.), 
BENACH (J. L.) & GRUNWALDT (E.), 1982. - Lyme 
disease-a tick-borne spirochetosis? - Science, 216: 
1317-1319. 

BURGDORFER (W.), HAYES (S.F.) & BENACH (J. L.), 1988. 
- Development of Borrelia burgdorferi in ixodid tick 
vector.- Ann. N. Y. Acad. Sci., 539: 172-170. 

BURGDORFER (W.), HA YES (S.F.) & CORWIN (D.), 1989.
Pathophysiology of Lyme disease spirochete, Borrelia 
burgdorferi in an ixodid ticks. - Rev. infect. Dis., 11: 
S1442-S1445 (suppl.). 

DOLP (R. M.), 1970. - Biochemical and physiological 
studies of certain ticks (Ixodoidea). Qualitative and 
Quantitative studies of hemocytes. - J. med. Ento
mol., 7 (3): 277-288. 

DURRANT (H. J), RATCLIFFE (N. A.), HIPKIN (C. R.), 
ASPAN (A.) & S6DERHALL (K.), 1993.- Purification of 
the pro-phenol oxidase from haemocytes of the cock
roach Blaberus discoidalis. - Bioche. J., 289: 87-91. 

EGGENBERGER (L. R.), LAMORREAUX (W. J.) & COONS (L. 
B.), 1990. - Hemocytic encapsulation of implants in 
the tick Dermacentor variabi/is. - Exp. appl. Acarol., 
9: 279-287. 

EL SHOURA (M. S), 1986. - Fine structure of the 
hemocytes and nephrocytes of Argas (Persicargas) 
arboreus (Ixodoidea: Argasidae). - J. Morphol., 189: 
17-24. 

EL SHOURA (M. S), 1989. - Ultrastructure of larval 
haemocytes and nephrocytes in the tick Ornithodoros 
(Pavlovskyel/a) erraticus (Ixodoidea: Argasidae). 
Acarologia, 30 (1): 35-40. 

FUJISAKI (K.), KITAOKA (S.) & MORII (T.), 1975. 
Hemocytes types and their primary cultures in the 
argasid tick, Ornithodorus moubata Murray (Ixodidea). 

A~~l P~•~~~l 7~~1 10 (1\. ~IL~O 
..1. ".1-'PJ.• .L..IJ..I.L.'-J.&..I..I.'-'.1.• L..JVVJ.., .&.V \ .1. j• ...JV -'-". 

GERN (L.), ZHV (Z.) & AESCHLIMANN (A.), 1990. -
Development of Borrelia burgdorferi in Ixodes ricinus 
females during blood feeding. - Ann. Parasitol. Hum. 
Comp., 65: 89-93. 

KHUN (K. H) & HAUG (T.), 1994. - Ultrastructure, 
cytochemical, and immunocytochemical characteriza
tion of haemocytes of the hard tick Ixodes ricinus 
(Acari; Chelicerata). - Cell Tissue Res., 277: 493-
504. 

KHUN (K. H.), RITTIG (M.), HAUPL (T.) & BURMESTER 
(G. R .), 1994.- Haemocytes of the hard tick Ixodes 
ricinus express coiling phagocytosis of Borrelia 
burgdorferi. - Abst. Inter. Symp. Devel. Compar. 
Immunol., Wageningen Netherlands (July 31-August 
5). 

0LIVER (J. H. Jr.), OWSLEY (M. R.), HUTCHESON (H. J.), 
JAMES (A. M.), CHEN (C), IRBY (W. S.), DOSTON (E. M.) 
& McLAIN (D. K.), 1993. - Conspecificity of the ticks 
Ixodes scapularis and Ixodes dammini (Acari: Ixodi
dae). - J. med. Entomol., 30: 54-63. 

RIBEIRO (J. M . C.), MATHER (T. N.), PIESMAN (J.) & 
SPIELMAN (A.), 1987. - Dissemination and salivary 
delivery of Lyme disease spirochetes in vector ticks 
(Acari: Ixodidae). - J. med. Entomol., 24: 201-
205 

RITTIG (M.), KHUN (K. H.), DECHANT (C. A.) & BUR
MESTER (G. R.), 1994. - Coiling phagocytosis: An 
ancient uptake mechanism with selective use. - Abst. 
Inter. Symp. Devel. Compar. Immunol., Wageningen 
Netherlands (July 31-August 5). 

SONENSHINE (D. E), 1991. - Circulatory system and 
hemolymph. In: SONENSHINE (D. E) (Ed). - Oxford 
University Press, New York, pp. 200-212. 

SPIELMAN (A.), CLIFFORD (C. M.), PIESMAN (J.) & CORVIN 
(M. D.). 1979. - Human babesiosis on Nantucket 
Island, USA: Description of the vector Ixodes (Ixodes) 



-179-
dammini n.sp. (Acarina: Ixodidae). - J. med. Ento
mol., 15: 218-234. 

SPURR (A. R.), 1969. - A low-viscosity epoxy resin 
embedding medium for electron microscopy. - J. 
ultrastruc. Res ., 26: 31-43. 

ZmOUA (E.), AESCHLIMANN (A.) & GERN (L.), 1994. -
Infection of field-collected Ixodes ricinus (Acari: Ixodi
dae) larvae with Borrelia burgdorferi in Switzerland.
J. med. Entomol., 31: 763-766. 


