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ABSTRACT

Mice infected with Nematospiroides dubius show non-specific immunodepression (NSID) of immune
responses to concurrently administered antigens. This project investigated the factors influencing the
response of oxazolone (T-dependent antigen) and LPS (T-independent antigen) in infected mice. Depressed
responses to both antigens were observed in mice infected with N. dubius, although the pattern of
immunodepression was influenced by both the level and the relative timing of infection and antigen
presentation. Consistent NSID was only achieved when the mice were given the higher levels of infection and
there was some evidence that NSID was more severe when infection preceded the administration of antigen
by 14 days. In general, although NSID was significant, the degree of immunodepression was not
considerable. It was concluded that the underlying mechanism of NSID was likely to be different from that
enabling the parasite to survive in the intestine of the chronically infected host, and that altered physiology
and host's modulation of the immune responses in heavily infected animals may have given rise to a general
weakening of the immune system. It was suggested that future work should investigate NSID and parasite-
specific immunodepression locally in the intestine where parasite survival is likely to be determined by events
at the mucosal surface.

INTRODUCTION

There is now substantial evidence in the literature that the murine immune system is
altered during infection with the nematode parasite, Nematospiroides dubius. However,
most of the work to date has concentrated either on concurrent infections with
N. dubius and other intestinal helminths (BEHNKE et al,, 1978; BEHNKE et al., 1984;
JENKINS & BEHNKE, 1977; HOPKINs, 1980; COLLWELL & WESCOTT, 1973; JENKINS, 1975;
BRUNA & XENIA, 1976) or has studied the effect of N. dubius on the response of the
mouse to sheep red blood cells (SRBC) (SHIMP et al., 1975; AL1 & BEHNKE, 1983, 1984).
The immunology of the former is complex but in all cases is believed to be under T cell
control (WAKELIN, 1978; MITCHELL, 1982) whereas the immunological processing of
SRBC requires the co-operation of T and B lymphocytes and macrophages (ARGYRs,
1967; GREAVES & MOLLER, 1970; MITCHELL & MILLER, 1968). The results indicate that
mice infected with N. dubius produce depressed immune responses in all the
combinations which have been referred to above, but little is known about the possible
mechanisms involved. Recently, PRITCHARD et al. (1984) found that N. dubius-infected
mice had impaired macrophage function and that in consequence/in addition
suppressor cells were generated which inhibited the response to SRBC. However, the
significance of this finding in respect of parasite survival is uncertain, because even
when T suppressor cells were ablated by treatment with 2’ deoxyguanosine, thereby
facilitating a normal response to SRBC in infected mice, the animals were still incapable
of removing the adult worm population.
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Despite the uncertain significance of non-specific immunodepression (NSID) to the
chronicity of infection with N. dubius, there is evidence that adult worms survive by
interfering with the host’s capacity to respond effectively against the homologous
inféction (CAYZER & DopsoN, 1983; BEHNKE et al., 1983). The possible relationship of
parasite-specific and non-specific immunodepression during infection with N. dubius is
therefore highly pertinent and it was considered of interest to extend our previous work
on NSID to antigens which are known to be T-dependent (oxazolone) or T-
independent (lipopolysaccharide, LPS). Both of these antigens are widely used in
immunology laboratories and are therefore well documented (ASHERSON et al., 1977;
PowNALL & KNAPP, 1978; REED et al., 1973; MOLLER, 1965).

MATERIALS AND METHODS
Animals
Random bred CFLP and inbred NIH and Cs,BL/10 mice were used in this work.
The animals were bred and maintained under conventional animal house conditions in
the Zoology Department’s Animal House. All the mice were at least six weeks old when
used for experiments.

Nematospiroides dubius g

The origin and maintenance of our strain of N. dubius and the methods used for
infection and recovery of adult worms have already been described (BEHNKE &
WAKELIN, 1977; BEHNKE & PARIsH, 1979). Throughout this work cultures of third-stage
larvae of N. dubius were found to be extremely infective and in some experiments worm
recoveries at autopsy were higher than had been intended, indicating that larval
inocula had been underestimated. For this reason, mean worm recoveries accompany
the results of each experiment and should be referred to, rather than the number of
larvae administered.

Measurement of the response to oxazolone

Mice were sensitized to oxazolone (2-phenyl-4-ethoxymethylene oxazolone; BDH
Ltd) by applying 0-1 ml of a 3% solution of oxazolone in 50: 50 vol. acetone/ethanol
solution to their shaved abdomen (ASHERSON & PTAK, 1968). Eight days later the mice
were challenged on the right ear with 0-025ml of 1% oxazolone in 80:20vol.
acetone/olive oil, and the increase in ear thickness was determined after a further 24, 48
and 72 hours. Ear thickness was measured using an automatic dial guage (Mitutoyo
Mfg. Co. Ltd, Tokyo, Japan) to ensure that the force applied to the ear would be
independent of the observer.

Measurement of the response to LPS

Mice were injected i.v. with 2-5 ug of LPS. Antibody titres to LPS were determined
by haemagglutination using SRBC coated with LPS (Escherichia coli serotype 0-55: B5,
Sigma Chemical Corp.). 1-0 mg of LPS was dissolved in 1 ml of saline by boiling for 1 hr
immediately prior to use and 0-2 ml was added to the packed and washed SRBC. The
cells were incubated in the presence of LPS for 30 min at 37°C, washed three times in
saline and diluted to the required concentration. Serum was serially diluted in
microtitre plates and coated SRBC were added. The plates were incubated for two
hours at 37°C after which the titres were read. Wells containing immune serum together
with uncoated cells and control serum with coated cells were included as additional
controls in all experiments.
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Statistical analysis of results

Unless otherwise stated groups of six mice were used throughout this work and the
results are expressed as the group mean + S.E. Statistical significance was determined
by the non-parametric Wilcoxon test (SOKAL & ROHLF, 1969). Detailed analysis of all
the results was carried out but significance levels are only given in particular instances.
A value of P <0-05 was considered to be significant.

RESULTS
The response to oxazolone in mice infected with N. dubius

Several experiments were carried out to evaluate the effect of N. dubius on the
immune response to oxazolone. Fig. 1 presents the results of an experiment in which
groups of five CFLP mice were infected with 450 larvae of N. dubius at various time
intervals relative to sensitization. One group was infected two days before sensitization,
another on day —7 and the third group on day — 14. All the groups together with the
control groups were sensitized with oxazolone on day 0 and eight days later they were
given the challenge dose of oxazolone. The results show that all the infected, sensitized
mice had a significantly depressed response to oxazolone as assessed by the increase in
ear thickness 24 hours following challenge.

Two further experiments were carried out, one with CFLP mice and the other using
NIH mice. Groups of animals were infected with different numbers of N. dubius (50, 250
or 500) at various time intervals relative to sensitization. The experimental details and
the results of both experiments are shown in Table I. The mice which were infected 14
days before sensitization responded poorly to oxazolone, even the group given 50
larvae showing a significantly smaller increase in ear thickness. Among the groups
given the infection 28 and 42 days before sensitization, only infection levels of 250 and
500 larvae significantly depressed the response to oxazolone.

The mouse strains used in the preceding experiments (CFLP and NIH) rank as
moderate and strong responder strains to infection with N. dubius (see BEHNKE &
WAKELIN, 1977; RoBINSON & BEHNKE, 1983). It was felt that a weak responder strain
should also be examined in this system. The result of an experiment in which C;,BL/10
mice were used are therefore presented in Table II. Thus groups of five mice were
infected with 50, 150 or 250 larvae of N. dubius, 14 days before sensitization and
together with the control groups, all the animals were challenged on day 0. It can be
seen from the results that C5,BL/10 mice did not react to oxazolone as vigorously as
did CFLP or NIH mice. Nevertheless a significant reduction in the response was
observed in mice infected with 150 and 250 larvae of N. dubius.

A final experiment was carried out to investigate the possibility that the serum of
mice with a primary infection of N. dubius contains non-specific blocking factors which

" interfere with the response to concurrently administered oxazolone. Serum was
obtained from CFLP mice which had undergone a four-week infection with 250 N.
dubius. Recipient mice were treated (i.p. injection) with primary infection serum (PrS) at
different times in relation to sensitization with oxazolone as shown in Table IIL. All the
mice, together with appropriate control groups, were challenged on day 8 and ear
thickness was determined 24 hours later. The results show that PrS had no depressive
activity in this system.

The response to LPS in mice infected with N. dubius

An experiment was carried out in which two groups of six CFLP mice were given
3-5 ug of LPS i.v. One of these groups had been infected with 500 N. dubius two weeks
previously. The animals were bled at four-day intervals for 20 days and the antibody
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TABLE L The response of mice infected with different numbers of N. dubius to challenge with oxazolone.
(This Table shows the results from 2 separate experiments, one in CFLP mice and the other in NIH mice. A
representative number of mice was killed from each infected group for worm counts. The mean worm
recovery in mice given 500 N. dubius ranged from 447 +8-2 to 529+ 2'8; in mice given 250 N. dubius from
202+ 83 to 298 + 17-6; in mice given 50 N. dubius from 400+ 121 to 68-0+1-4.)

Mean ear thickness in mm +S.E.1 (% increase relative

Day of to naive control group)*
infection
with Strain 500 250 50 No
N. dubius of mice N. dubius N. dubius N. dubius Infection
—14 CFLP 0-64 +0-02 077 +0:03 0-68 +£0-03 0-86+0-01
(93-9%) (133:3%) (106:1%) (160-6%,)
NIH 0-46 +0-09 0-48 +0-01 059 +002 066 +0-01
(48-477) (54-8%) (90:3%) (112:9%)
-28 CFLP 063+003 0-61+0-02 0724002 0-78 +0:05
(90-9%) (84-8%) (118:2%) (136:4%,)
NIH 0424002 048 +0-02 0-57+£0-04 0-59 +0-02
(35:5%) (54-8%) (839%) (90-3%)
—42 CFLP 0-55+0-02 063 +0:04 0-66 +0-02 067 +0-02
(66:7%) (90:9%) (100%) (103-0%)
NIH 0-50+0-01 0-51+0-01 0-58 +0-02 0-59 +0-01
(61-3%) (64:5%,) (871%) (90-3%)

+The mean ear thickness of four control CFLP mice was 0-33 +0-05 and for four NIH mice the figure
was 0-31 4+ 003,

Experimental —naive control

* 9/ increase in ear thickness was calculated as -
naive control

x 100.

TABLEIL The response to ozaxolone in C57 BL/10 mice infected with different numbers of N. dubius 14 days
before sensitization

No. of Mean ear
N. dubius  No. of thickness*
Group given mice Sensitized  Challenged in mm FS.E. MWRTS.E.
A 250 5 + + 0-38 F 009 (1) 269 F4-2
B 150 5 - + 0427009 (2) 14955233
c 50 5 + 3 046 F0:06 (3) 495F 106
D — 5 + + 0-48 F0-09 .
E — 5 —_ + 0-27F 006 —

* Ear thickness measured 24 hours after challenge.
(1) P=0-004. (2) P=0004. (3) P=0-210.

TABLE IIL The response to oxazolone in mice treated with primary infection serum (PrS)

Day on which mice Day on which mice Mean ear thickness

= Group* were sensitized were given PrS FSE.
A day 0 — 556F2:6
B day 0 -1,0,+1,+2,+3* 55-6F 343
C day 0 6.7,8,9"% 549F 174
D — - 38-0F 193

* Groups of six CFLP mice.
*0-5ml of PrS was injected on each occasion.
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FIG. 2. The response to LPS in mice infected with N. dubius. The key to the symbols used is as follows:
O—control group; ®@—mice given N. dubius on d— 14. The MWR +S.E. in this group was 4622+ 2-8.
*Denotes a significantly depressed response.

titres to LPS were measured using LPS-coated SRBC. The results of this experiment
are presented in Fig. 2. Mice harbouring the infection showed a significantly reduced
response on days 4 and 8. By days 12 and 16 the two groups had comparable anti-LPS
titres, although on day 20 the infected group was significantly lower.

A second experiment was carried out in which groups of five CFLP mice were
infected with N. dubius at various time intervals relative to immunization with LPS.
Details of the experimental design together with the results are presented in Table IV,
Four days following the administration of LPS all the infected groups showed a
reduced response to LPS. On day 8 the most severely depressed group was the one
which had been infected on day — 14. However, most of the infected animals behaved
similarly irrespective of the time of infection and showed depressed responses
throughout the course of the experiment.

In a final experiment the response to LPS was investigated in groups of mice
infected with 75, 200 or 500 N. dubius respectively. The results in Table V establish that
there was a significantly reduced antibody response to LPS only in the more heavily
infected animals. The group which had been given 75 larvae responded normally to
LPS.

DISCUSSION
An understanding of the mechanisms used by parasitic nematodes to evade host
defence mechanisms is likely to prove useful in the development of immunoprophylaxis
against the species which affect man. One possible mechanism which has been a
particular focus of attention in recent years is parasite-induced immunodepression.
There is evidence in both filarial (LAMMIE & KATtz, 1983; OTTESEN et al., 1977; PORTARO
et al., 1976) and gastro-intestinal nematodes (ALt & BEHNKE, 1983; HAIG et al., 1980)
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that immunodepression of the host may contribute to parasite survival. However, the
role of non-specific immunodepression (NSID) in promoting survival is controversial
because NSID can also be readily demonstrated in species which are effectively
controlled by the host, e.g, Nippostrongylus brasiliensis (see HAIG et al., 1980;
MCELROY et al., 1983; JENKINS, 1975; BRUNA & XENIA, 1976). Nevertheless in the case of
N. dubius the observation that adult parasites depress the expression of homologous
immunity prompted us to extend our previous work on NSID of the response to SRBC
in infected mice in order to learn more about the relationship between these two
phenomena.

The results reported here demonstrated that concurrent infection with N. dubius
had a significant effect on the immune response of the host to both T-dependent and T-
independent antigens. However, in both cases significant depression was achieved
consistently only when the mice were infected at the higher levels of infection. 75 N.
dubius had no detrimental effect on the response to LPS. 50 worms did not depress the
response to oxazolone in Cs,BL/10 mice although a significant depression was
observed at this level of infection in CFLP and NIH mice infected 14 days before
sensitization. Thus both the level of infection and the relative timing of infection and
sensitization were important (although the latter was less evident in the case of LPS).

It is likely that immunodepression of responses to LPS and oxazolone was brought
about by interference with a component central to both, and one possibility is that
sensitized lymphocytes were diverted away from the sites where they would have
exerted their normal role during the response, i.e., oxazolone-sensitive cells may have
been prevented from localizing normally in the ear. There is some support for this
hypothesis in the work of HAGAN & WAKELIN (1982) who found that the homing of
lymphocytes to the intestine was impaired in mice concurrently infected with N. dubius
and Trichinella spiralis. The increased proportion of cells homing to the intestines of
mice infected with T. spiralis alone was absent in concurrently infected animals and the
authors concluded that N. dubius interfered with the inflammatory components of the
host’s response to T. spiralis which influence cell traffic to the intestine.

A further possibility is suggested by the work of PRITCHARD et al. (1984) who
demonstrated that macrophages exposed to SRBC in the peritoneal cavity of infected
animals were inefficient, compared to controls, in adoptively transferring the SRBC
response to naive recipient mice. Such an impairment of macrophage function may
have contributed to the host’s modulation of responses to both oxazolone and LPS.

Whilst the present work has demonstrated that the ability of mice to respond to
both T-dependent and T-independent antigens is affected by infection with N. dubius,
the degree of depression in these experiments was not very pronounced and only
consistently detectable in heavily infected animals. This suggests that the underlying
mechanism of NSID may be different from that enabling N. dubius to survive in the
host, since infections of fewer than 50 larvae are chronic in mice despite the apparent
absence of NSID. If survival of N. dubius is dependent on immunomodulatory factors
(IMF) secreted by the parasite in the intestinal lumen, as has been suggested (BEHNKE
et al., 1983) the primary target of such factors is likely to be local expression of
immunity by the host, in the environment of the parasite. Furthermore infection with
N. dubius is chronic lasting for some eight to ten months and presumably therefore
either the parasite maintains the secretion of IMF throughout its existence or long-
lasting changes in immune responsiveness are brought about in the early stages of
infection. It is conceivable that the significantly enhanced NSID in mice infected 14
days before challenge with antigen (this paper and AL1 & BEHNKE, 1983) is related to
this early phase of the existence of adult worms in the intestinal lumen. However, the
intestine undergoes severe damage in the preceding week when worms emerge from
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theirsites of development in the muscularis externa. This damage to the structure of the
intestinal walls may allow IMF access to the circulation and may be responsible for the
enhancement of NSID at this time. Trauma and physiological stress which the animals
undergo at this time may also exacerbate NSID of immune responses to non-parasite
antigens.

Our results in this and our previous work (AL1 & BEHNKE, 1983, 1984; PRITCHARD
et al., 1984) have focused attention on NSID during infection with N. dubius, but they
also suggest that the continuation of this line of investigation is unlikely to clarify
parasite survival. We conclude that a more fruitful approach may be to investigate
NSID and the modulation of immune responses locally in the intestine where parasite
survival is far more likely to be determined by events at the mucosal surface (McELroY
et al., 1983; BEFUs & BIENENSTOCK, 1982).

ACKNOWLEDGEMENTS

We would like to thank Professor P. N. R. Usherwood and Professor D. Wakelin for the facilities provided
for this work at Nottingham University. We are indebted to Mr K. Cosgrove and his animal technicians for
looking after our experimental animals. N. M. H. Ali was supported by a research training award from the
Iraqi government, J. M. Behnke would like to acknowledge support from the British MRC through project
grant nos. G976/935/T and G8100159/T.

" REFERENCES

ALL N. M. H. & BEHNKE, J. M. (1984) Nonspecific inmunodepression by larval and adult Nemato-
spiroides dubius. Parasitology, 88, 153-162.

ALL N. M. H. & BEHNKE, J. M. (1984) Nonspecific immunodepression by larval and adult Nemato-
spiroides dubius. Parasitology, 88, 153-162.

ARGYRIS, B. F. (1967 Role of macrophages in antibody production. Immune response to sheep red blood
cells. Journal of Immunology, 99, 744-740.

ASHERSON, G. L. & PTAK, W. (1968) Contact and delayed hypersensitivity in the mouse. I. Active
sensitization and passive transfer. Immunology, 15, 405-416.

ASHERSON, G. L., ZEMBALA, M., PERERA, M. A. C. C., MAYHEW, B. & THOMAS, W. R. (1977)
Production of immunity and unresponsiveness in the mouse by feeding contact sensitizing agents
and the role of suppressor cells in the Peyer's patches, mesensteric lymph nodes and other lymphoid
tissues. Cellular Immunology, 33, 145-155.

BEFUS, A. D. & BIENENSTOCK, J. (1982) Factors involved in symbiosis and host resistance at the
mucosa-parasite interface. Progress in Allergy, 31, 76-177. .

BEHNKE, J. M., ALL, N. M. H. & JENKINS, S. N. (1984) Survival of low level infections with Trichuris
muris in mice concurrently infected with Nematospiroides dubius. Annals of Tropical Medicine and
Parasitology (in press).

BEHNKE, J. M., HANNAH, J. & PRITCHARD, D. L. (1983) Nematospiroides dubius in the mouse: evidence
that adult worms depress the expression of homologous immunity. Parasite Immunology, 5,
397-408.

BEHNKE, J. M. & PARISH, H. A.(1979) Nematospiroides dubius: arrested development of larvae inimmune
mice. Experimental Parasitology, 47, 116-127.

BEHNKE, J. M. & WAKELIN, D. (1977) Nematospiroides dubius: stimulation of acquired immunity in
inbred strains of mice. Journal of Helminthology, 51, 167176,

BEHNKE, J. M., WAKELIN, D. & WILSON, M. M. (1978) Trichinella spiralis: delayed rejection in mice
concurrently infected with Nematospiroides dubius. Experimental Parasitology, 46, 121-130.

BRUNA, C. D. & XENIA, B. (1976) Nippostrongylus brasiliensis in mice: reduction of worm burden and
prolonged infection induced by presence of Nematospiroides dubius. Journal of Parasitology, 62,
490-491.

CAYZER, C. J. R. & DOBSON, C. (1983) Suppression of antibody production in mice given multiple
concurrent infections with Nematospiroides dubius. International Journal for Farasitology, 13,
61-65.

COLLWELL, D. A. & WESCOTT, R. B. (1973) Prolongation of egg production of Nippostrongylus
brasiliensis in mice concurrently infected with Nematospiroides dubius. Journal of Parasitology,
59, 216,

GREAVES, M. F. & MOLLER, E. (1970) Studies on antigen-binding cells. I. The origin of reactive cells.
Cellular Immunology, 1, 372-385.

HAGAN, P. & WAKELIN, D. (1982) Nematospiroides dubuis: Effect of infection on lymphocyte responses to
Trichinella spiralis in mice. Experimental Parasitology, 54, 157-165.

HAIG,D. M, LIMA, G. C. & MOTA, I. (1980) Antibody suppression in mice infected with Nippostrongylus
brasiliensis. Parasite Immunology, 2, 175-187.



Immuno depression in mice infected with N. dubius 311

HOPKINS, C. A. (1980) Immunity and Hymenolepis diminuta. In: Biology of the Tapeworm, Hymenolepis
diminuta, pp. 551-614. (editor H. P. Arai), Academic Press Inc, New York & London.
JENKINS, D. C. (1975) The influence of Nematospiroides dubius on subsequent Nippostrongylus brasiliensis

infections in mice. Parasitology, 71, 349-355.

JENKINS, S. N. & BEHNKE, J. M. (1977) Impairment of primary expulsion of Trichuris muris in mice
concurrently infected with Nematospiroides dubius. Parasitology, 75, 71-78.

LAMMIE, P.J. & KATZ, S. P. (1983) Immunoregulation in experimental filariasis. I. In vitro suppression of
mitogen-induced blastogenesis by adherent cells from jirds chronically infected with Brugia

ngi. Journal of Immunology, 130, 1381-1885.

McELROY, P. J., SZEWCZUK, M. R. & BEFUS, A. D. (1983) Regulation of heterologous IgM, IgG and
IgA antibody responses in mucosal-associated lymphoid tissues of Nippostrongylus brasiliensis
infected mice. Journal of Immunology, 130, 435-441.

MITCHELL, G. F. (1982) The nude mouse in immunoparasitology. In: The nude mouse in experimental and
clinical research, 2, 267-289. Academic Press, Inc.

MITCHELL, G. F. & MILLER, J. F. A. P. (1968) Cell to cell interaction in the immune response. 11. The
source of hemolysin-forming cells in irradiated mice given bone marrow and thymus or thoracic
duct lymphocytes. Journal of Experimental Medicine, 128, 821-837.

MOLLER, G. (1965) 198 antibody production against soluble lipopolysaccharide antigens by individual
lymphoid cells in vitro. Nature, 207, 1166-1167.

OTTESEN, E. A, WELLER, P.F. & HECK, L. (1977) Specific cellular immune unresponsiveness in human
filariasis. Immunology, 33, 413-421.

PORTARO, J. K., BRITTON, S. & ASH, L. R.(1976) Brugia pahangi. Depressed mitogen reactivity in filarial
infections in the jird, Meriones unguiculatus. Experimental Parasitology, 40, 438-446.

POWNALL, R. & KNAPP, M. S. (1978) Circadian rhythmicity of delayed hypersensitivity to oxazolone in
the rat. Clinical Science and Molecular Medicine, 54, 447—449.

PRITCHARD, D. I, ALI, N. M. H. & BEHNKE, J. M. (1984) Analysis of the mechanism of
immunodepression following heterologous antigenic stimulation during concurrent infection with
Nematospiroides dubius. Immunology, 51, 633-692.

REED, N. D., MANNING, J. K., BAKER, P. J. & ULRICH, J. T. (1973) Analysis of thymus-independent
immune responses using nude mice. In: Proceedings of the First International Workshop on Nude
Mice, pp. 95-103. (Editors Rygaard & Povlsen, Gustav Fisher Verlag: Stuttgart.)

ROBINSON, M. & BEHNKE, J. M. (1983) Preliminary studies on the genetic control of immunity to
Nematospiroides dubius in mice immunised by a 9 day abbreviated infection. Parasitology, 87, xiv.

SHIMP, R. G., CRANDALL, R. B. & CRANDALL, C. A. (1975) Heligmosomoides polygyrus (= Nemato-
spiroides dubius): Suppression of antibody response to orally administered sheep erythrocytes in
infected mice. Experimental Parasitology, 38, 257-269.

SOKAL, R. R. & ROHLF, F. J. (1969 In: Biometry, p. 240. W. H. Freeman: San Francisco.

WAKELIN, D. (1978) Immunity to intestinal parasites. Nature, 273, 617-620.

Accepted 27th March, 1984.



