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Department of Medicine, University Hospital, 37007 Salamanca, Spain

T lymphocyte subsets in Mediterranean spotted fever!

J. I. HERRERO-HERRERO, R. Ruiz-BELTRAN, M. CORDERO

Summary

Several studies have previously suggested the possible role of a T lympho-
cyte suppressor population in infections by species of the genus Rickettsia. In 15
patients with Mediterranean spotted fever (MSF), we quantified, during the
acute and convalescent phases of the disease, the peripheral blood lymphocyte
populations using monoclonal antibodies that recognize CD3*, CD4*, CD&",
CD38* and CD20* cells. In three cases a reversal in the normal ratio of T
lymphocyte helper-inducer/suppressor-cytotoxic subsets was detected lasting,
in two of them, up to the fifth week of the disease. This disturbance was always
weak and lacked clinical significance.

Key words: Rickettsia conorii; Rickettsial diseases; Mediterranean spotted
fever; Boutonneuse fever; lymphocyte populations.

Introduction

Mediterranean spotted fever (MSF) (“boutonnecuse fever™) 1s an acute in-
fectious disease caused by Rickettsia conorii, a member of the spotted fever
group (SFG) of rickettsiae. It occurs over a wide geographic distribution and is
well documented in zones of Southern Europe, Africa, India and the Middle
East (Bernard et al., 1963; Gear et al., 1983; Gutman et al., 1973; Raoult et al.,
1985; Weyer, 1978). During the last few years, an increase in the incidence of
MSF has been recognized along the Mediterranean basin (Ruiz-Beltran et al.,
1985; Scaffidi, 1982; Segura and Font, 1982). Moreover, variable rates (as high
as 26.3%) of human sera with antibodies against R. conorii have been detected

I'A preliminary report of this work was presented at the meeting “Rickettsiology: The Prescnt and the
Future”, Palermo (Italy), 21st-28th June 1987.
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in some of these arcas among pecople lacking a previous history of the classic
clinical triad of fever, rash and eschar at the site of tick bite (Garcia-Curiel and
Najera-Morrondo, 1984; Gonzalez et al., 1985; Gross ct al., 1983; Mansueto et
al., 1983; Raoult et al., 1985; Torregrossa et al., 1983).

Immunity to members of the genus Rickettsia is thought to be mediated
primarily by cellular mechanisms (Anacker et al., 1983; Kokorin et al., 1982;
Montenegro et al., 1984; Murphy et al., 1980; Ricketts and Gomez, 1908;
Topping, 1940; Walker and Henderson, 1978). Previously, 1t has been shown
that acute infection of susceptible mice with R. tsutsugamushi causes a decrease
in the delayed type sensitivity response. and the appearance of suppressor cells
responsible for this decline was postulated (Jerrells and Osterman, 1983).
Furthermore, guinea pigs infected with pathogenic species of SFG rickettsiae,
including R. conorii, show a transient and nonspecific cellular immune sup-
pression when in vitro lymphocyte transformation and in vivo delayed cuta-
neous hypersensitivity responses to unrelated. non rickettsial antigens are ana-
lyzed. In this model the mechanism of suppression has been demonstrated to be
not simply due to a loss of circulating lymphocytes (Oster et al., 1978).

Several reports have emphasized the immunoregulatory role of T lympho-
cyte subsets, and alterations in this subpopulations have been associated with
human infectious diseases (Alexander et al., 1986; Bertoto et al., 1982; Bowen et
al., 1985; Brahmi et al., 1982; Carney et al., 1981; Der Waele et al., 1981, 19853).
In MSF, a single human case has been previously reported showing abnormal
OKT4/0OKT8 T lymphocyte ratio together with some signs of immunode-
ficiency (Roca et al., 1984). In the present investigation we have measured the
numbers of peripheral blood mononuclear cells in a series of patients with MSF
by means of T lymphocyte-specific monoclonal antibodies in order to evaluate,
if present, the frequency, characteristics and evolution of the quantitative
changes in these cell populations during the course of MSF.

Patients and Methods

Patients and control group. During the summer outbreak of MSF in 1986, 15 nonselected,
consecutive adult patients (10 females and 5 males) seen at the Department of Medicine of the
University Hospital in Salamanca (Spain) were included in the study. Their ages ranged between 25
and 71 years (mean = standard deviation = 54.2+12.5). Diagnosis was based upon epidemiological
(season of the year, residence in an endemic area, exposure to ticks) and clinical data (fever,
characteristic rash, “tache noire™), and serological confirmation was achieved by means of immuno-
fluorescent antibody test against R. conorii (single titer 2 1/640 or fourfold increase in antibody titer).
None had a significant past or present history of other pathologic events. Patients were treated with
oral tetracycline since the moment the diagnosis was established, 4-10 days after the onset of
symptoms.

The control group was composed of healthy individuals of comparable age and sex distribution
with no history of recognizable rickettsial disease.

Methods. At the time of clinical diagnosis, the first blood sample was obtained, and a second
sample was planned in the convalescent phase, four weeks later, in those cases with significant
abnormalitics. Peripheral blood samples were obtained by venipuncture at the same time of the day
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to avoid artefacts due to circadian variations of the lymphocyte subsets (Ritchie et al., 1983). Samples
were transferred to tubes containing preservative free heparin (10 U/ml), platelets removed {160 g,
10 min), and resuspended blood (saline serum) was added to Lymphoprep (Nyegaard and Company,
Oslo) in a 3:4 ratio (Boyun, 1969). Centrifugation (400 g, 35 min) was followed by 3 washings in
medium 199 (Flow Laboratory, Irvine, Scotland) and the final suspension was made in medium 199
supplemented with 5% fetal calf serum (inactivated at 56° C, 45 min). The concentration of the white
cells was adjusted to 4x106/ml.

Detection of surface antigens was achieved by the indirect immunofluorescence antibody test
using commercial monoclonal antibodies of the OKT series (Ortho Diagnostic System Inc., Raritan,
NJ; Coulter Immunology, Hialeah, Florida) which react with the following markers: CD3 (T lym-
phocytes), CD4 (helper-inducer T lymphocyte subset), CD& (suppressor-cytotoxic T lymphocyte
subset), CD38 (activated T lymphocytes) and CD20 (B lymphocytes) (Foon et al., 1982; Nadler et al.,
1981; Reinherz and Schlossmann, 1981; Stashenko et al., 1980; Talle et al., 1983; Terhorst et al.,
1980). Cells were incubated with the appropiate monoclonal antibody (30 min at 4° C), washed twice
in PBS (0.1% sodium azide, 2% bovine serum albumin) and immunofluorescence staining was
accomplished with a second incubation with FITC goat antimouse conjugate (Meloy, Springfield,
VA). Cells were washed, mounted in slides with glycerol, and cell ratios were calculated after
counting under a Leitz Orthoplan ultraviolet microscope. Total leucocyte counts were quantifiedin a
Coulter Model S Plus IV/VD.

Results

All the 15 patients included in the study suffered a non-severe form of MSF
and recovered without complications. Temperature returned to normal levels
between 48-72 h after antibiotic therapy was started, and the remaining symp-
toms (myalgia, headache, malaise) disappeared during the following days. The
laboratory pattern was also characteristic showing variable levels of hypoalbu-
minemia and hyponatremia together with other laboratory manifestations pre-
viously reported in MSF (Ruiz et al., 1984; Ruiz-Beltran et al., 1985).

During the acute phase, patients showed total lymphocyte counts of
2132.30+£737/ul (mean values * standard deviation) of which 8.1+2.3% were
CD20* (B lymphocytes) and 64.7+7% were CD3* (T lymphocytes). Table 1
shows the percentages of the counts of the T lymphocyte subpopulations in the
acutely 1ll patients and in control donors.

No significant alteration in the numbers of total lymphocytes was detected
in any of the patients. Three of them (case 9, case 10 and case 12) (Table 2)
showed a reversal in the CD4* / CD8* cell ratio during the acute stage of the
disease (0.72, 0.58 and 0.70, respectively). The absolute counts of CD8" lym-
phocytes were elevated, and the absolute numbers of CD4* lymphocytes de-
creased when compared with the counts in the convalescent phase. CD4"/ CD8&*
lymphocyte ratio was >1 in all the controls.

Follow-up investigation of the cases showing abnormalities in the acute
phase demonstrated four weeks later (Table 2) a persistently inverted CD4* /
CD8* ratio in patient 10, whose convalescent CD4* / CD8" ratio (0.75) was
closer to normal than the acute phase ratio (0.58). The other two patients with
acute changes showed recovery in their second sample with normalized abso-
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lute numbers of the lymphocyte subsets and CD4+/ CD8" ratios of 2.45 (case 9)
and 1.86 (case 12).

Discussion

The humoral arm of the immune response has an important role in resis-
tance to infection with many bacterial species. However, intracellular bacteria
such as rickettsiae demand a more complex mechanism of antimicrobial ac-
tivity. Thus, in diseases caused by SFG rickettsiae, antibodies have been shown
to be incompetent to control infection, and they have only shown protective
activity in experiments in which the microorganisms were reacted with them
prior to inoculation (Anacker et al., 1983) or when immune serum was given
before infection (Ricketts and Gomez, 1908; Topping. 1940). Also, guinea pigs
inoculated intradermally with R. typhi, a typhus group rickettsia, were not
protected from development of the cutancous lesion when they received im-
mune serum. They were protected when splenic cells from immune donors were
given prior to infection (Murphy et al., 1980). On the other hand, the impor-
tance of cellular immunity has been demonstrated against R. conorii and other
SFG rickettsiae in different experimental animal models: adoptive transfer of
lymphocytes (Kokorin et al., 1982) and the use of mice genetically deficient in T
cells (Montenegro et al., 1984) or treated with antilymphocyte serum (Walker
and Henderson, 1978).

T helper-inducer lymphocytes might exercise their antirickettsial activity
through gamma interferon by activation of macrophages to inhibit rickettsial
growth or to kill rickettsiae (Jerrells et al., 1985) or by an undefined effect on
endothelial cells inhibiting the organisms (Wisseman and Waddell, 1983).
Nevertheless, the role of other lymphocyte subpopulations seems less clear. A T
cell mediated cytotoxic mechanism has been reported to act against murine
fibroblast cells infected with R. typhi or R. tsutsugamushi (Rollwagen et al.,
1986), but the importance of the T cytotoxic lymphocyte subpopulation has not
been described for in vitro infections by SFG rickettsiae nor for any rickettsial
infection in vivo.

The presence of suppressor cells could explain the relatively poor response
in the lymphocyte proliferation test of lymph node lymphocytes collected from
R. akari-infected mice against this antigen (Jerrells et al., 1986) or the loss of
protective capacity of splenic lymphocytes in mice inoculated with R. conorii
(Kokorin et al., 1982). These and other experiments (Jerrells and Osterman,
1983; Oster et al., 1978) have suggested the presence of a T cell mediated
suppressor activity in rickettsial infections.

A patient with MSF (confirmed serologically by a complement fixation
test) has been reported as having during the course of his disease a transient
increase in the level of antibodies against several viruses and a cutaneous
delayed hypersensitivity test with dinitrochlorobenzene that was repeatedly
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negative (Roca et al., 1984). When T lymphocyte subsets were enumerated, a
transient reduction of the helper-inducer / suppressor-cytotoxic (OKT4 /
OKTS8) ratio was observed until the 10th-16th week of the disease.

In our series, three of fifteen patients (20%) with confirmed R. conorii
infection showed a reversal in the T-lymphocyte helper-inducer / suppressor-
cytotoxic ratio that recovered, in two of them, before the fifth week of the
disease. This reversal was the consequence of both an increase in the CD8" cell
population and a decrease in the CD4* subset. When present, the disturbance in
the T cell subpopulation counts was not severe. The altered ratios were signif-
icantly less perturbed than those observed in other disease states associated
with alterations in this balance which also generally show a longer persistence of
the inverted ratio (Carney et al., 1981).

The genesis and the meaning of these quantitative changes are unclear. The
cells 1identified by the monoclonal antibodies form functionally heterogenous
groups (e.g. CD&* cells with suppressor or cytotoxic activity). On the other
hand, the lymphocyte subsets observed in peripheral blood of patients with
MSF correlate with the lymphocyte subsets in local lesions caused by R. conorii.
A predominance of T helper-inducer lymphocytes was detected during a recent
study (Herrero-Herrero et al., 1987) at the level of the perivascular inflamma-
tory infiltrates in six taches noires in response to the invasion of the endothe-
lium by R. conorili.

In the course of MSF no particular increased incidence of superinfection by
other pathogens has been reported. Furthermore, our cases no. 9, 10 and 12 did
not show a more prolonged disease course nor other clinical data suggesting a
severe form of rickettsial infection (Devrient et al., 1985; Ruiz-Beltran et al.,
1985). Thus, although further studies regarding the immunological behavior of
these patients have to be completed, the appearance of altered T lymphocyte
helper-inducer / suppressor-cytotoxic ratio seems to be incidental and without
clinical significance during human MSF.

Acknowledgments

We thank Dr, M, Gonzdlez-Diaz for technical assistance. and Dr. D. H. Walker and Dr. T. R.
Jerrells for reviewing the manuscript.

Alexander G. J. M., Mondelli M., Naymov N. V.: Functional characterization of peripheral blood
lymphocytes in chronic HBsAg carriers. Clin. exp. Immunol. 63, 498-507 (1986).

Anacker R. L.. Philip R. N., Casper E., Todd W. J., Mann R. E., Johnston M. R.. Nauck C. J.:
Biological properties of rabbit antibodies to a surface antigen of Rickettsia rickettsii. Infect.
Immun. 40, 292-298 (1983).

Bernard J. G., Bereni J., Hainaut J.: Aspect actuel des rickettsioses en Algérie. Bull. Soc. Path. exot.
56, 620-628 (1963).

Bertoto A., Gentilly F., Vaccaro R.: Immunoregulatory T cells in varicella, New Engl. J. Med. 307.
1271-1272 (1982).

200



Bowen D. L., Lane H. C., Fauci A. S.: Immunopathogenesis of the acquired immunodeficiency
syndrome. Ann. intern. Med. 703, 704-709 (1985).

Boyun A.: Separation of leucocytes from blood and bone marrow. Scand. J. clin. Lab. Invest. 2/
(suppl. 97), 77-89 (1969).

Brahmi Z., Wheat L. S., Payan D. G., Ru-Vin R. H.: Functional assessment of immunoregulatory
lymphocyte populations in histoplasmosis (abstr.). Clin. Res. 30, 734A (1982).

Carney W. P, Rubin R. H., Hoffman R. A., Hansen W. P., Healey K., Hirsch M. S.: Analysis of T
lymphocyte subsets in cytomegalovirus mononucleosis. J. Immunol. 726, 2114-2116 (1981).
Der Waele M., Thielemenas C., Van Camp B. K.: Characterization of immunoregulatory T cells in
EBV induced infectious mononucleosis by monoclonal antibodies. New Engl. J. Med. 304,

460-462 (1981).

Der Waele M., Naessens A., Foulon W., Van Camp B.: Activated T-cells with suppressor / cytotoxic
phenotype in acute Toxoplasma gondii infection. Clin. exp. Immunol. 62, 256-261 (1985).

Devrient J., Staroukine M., Amson R., Crokaert F., Dratwa M., Karmali R., Thova Y.: Malignant
Mediterranean spotted fever. Arch. intern. Med. 745, 1319-1321 (1985).

Foon K. A., Schoff R. W., Gale R. P.: Surface markers on leukemia and lymphoma cells: recent
advances. Blood 60, 1-19 (1982).

Garcia-Curiel A, Ndjera-Morrondo E.: Estudio epidemiologico de las rickettsiosis en la provincia de
Sevilla, basado en las reacciones serologicas de inmunofluorescencia indirecta. Rev. San. Hig. Pub.
(Madrid) 58, 83-98 (1984),

Gear J. H. S., Miller G. B., Martin H., Swanpoel R., Wolstenholme B., Coppin A.: Tickbite fever in
South Africa. The occurrence of severe cases on the Witwatersrand. S. Afr. J. med. Sci. 63, 307-310
(1983).

Gonzalez J. P., Fiset P., Georges A. J.. Sacuzzo J. F., Wisseman C. L. jr.: Approche sérologique sur
I'incidence des rickettsioses en République Centroafricaine. Bull. Soc. Path. exot. 78, 153-136
(1985).

Gross E. M., Goldwasser R. A., Bearman J. E., Sarov 1., Sarob B., Torok V., Naggan L.: Rickettsial
antibody prevalence in Southern Israel: IgG antibodies to Coxiella burnetii, Rickettsia typhi, and
spotted fever group rickettsiae among urban and rural-dwelling and Bedouin women. Amer. J.
trop. Med. Hyg. 32, 1387-1391 (1983).

Gutman A, Schreiber H., Toragan R.: An outbreak of tick typhus in the coastal plains of Israel.
Trans. roy. Soc. trop. Med. Hyg. 67, 112-121 (1973).

Herrero-Herrero J. I, Walker D. H., Ruiz-Beltran R.: Immunohistochemical evaluation of the
cellular immune response to Rickettsia conorii in taches noires. J. infect. Dis. 155, 802-805 (1987).

Jerrells T. R, Osterman J. V.: Parameters of cellular immunity in acute and chronic Rickettsia
tsutsugamushi infections in inbred mice. In: Host defenses to intracellular pathogens, ed. by T. K.
Eisenstein, P. Actor and H. Friedman, p. 355-360. Plenum Publishing Corporation, New York
1983.

Jerrells T. R., Turco J., Winkler H. H., Spitalny G. L.: Neutralization of lymphokine-mediated
antirickettsial activity of fibroblasts and macrophages with monoclonal antibody specific for
murine interferon gamma. Infect. Immun. 5/, 355-359 (1985).

Jerrells T. R., Jarboe D. L., Eissemann C. S.: Cross reactive lymphocyte responses and protective
immunity against other spotted fever group rickettsiae in mice immunized with Rickettsia conorii.
Infect. Immun. 5/, 832-837 (1986).

Kokorin I. N., Kabanova E. A., Shirikova E. M., Abrosimova G. E., Rybkyna N. N., Pushkareva V. L.:
Role of T lymphocytes in Rickettsia conorii infection. Acta virol. 26, 91-97 (1982).

Mansueto S., Vitale G., Seminatore M., Di Rosa S., Robberto D., Ginevra S., Tringali G.: Indagini
sicro-epidemiologiche sulla febbre bottonosa in Sicilia occidentale. IV. Ricerca di anticorpi anti-
R. conorii in sieri humani e canini di Santa Caterina de Villarmosa (Provincia di Caltanissetta).
Acta medit. Patol. Inf. trop. 2, 139-144 (1983).

Montenegro M. R., Walker D. H., Hegarty B. C.: Infection of genctically immunodeficient mice with
Rickettsia conorii. Acta virol. 28, 508-514 (1984).

201



Murphy J. R., Wisseman C. L. jr., Fiset P.: Mechanisms of immunity in typhus infection: analysis of
immunity to Rickettsia mooseri infection of guinea pigs. Infect. Immun. 27, 730-738 (1980).
Nadler L. M.. Ritz J., Hardy R., Pesando J. M., Schlossmarn S. F.: A unique cell surface antigen

identifying lvymphoid malignancies of B cell origin. J. clin. Invest. 67. 134-140 (1981).

Oster Ch. N., Kenyon R. H., Pedersen C. E. jr.: Suppression of cellular immune responses in guinea
pigs infected with spotted fever group rickettsiae. Infect. Immun. 22, 411-417 (1978).

Raoult D., Nicolas N., De Micco Ph., Gallais H., Casanova P.: Aspects épidémioclogiques de la fiévre
boutonneuse méditerranéenne en Corse du Sud. Bull. Soc. Path. exot. 78, 446-45] (1985).

Reinherz E. L., Schlossmann S, F.: The characterization and function of human immunoregulatory T
lymphocyte subsets. Immunol. today 2, 69-75 (1981).

Ricketts H. T., Gémez L.: Studies on immunity in Rocky Mountain spotted fever. First commu-
nication. J. infect. Dis. 5. 221-144 (1908).

Ritchic A. W. S., Oswald 1., Micklem H. S.: Circadian variation of lymphocyte subpopulations: a
study with monoclonal antibodies. Brit. med. J. 286, 1773-1775 (1983).

Roca V., Pascual R., Cour 1., De Salamanca R. E.: Transient acquired immunodeficiency during
rickettsial disease. Arch. intern. Med. 7144, 198-199 (1984).

Rollwagen F. M., Dasch G. A., Jerrells T. R.: Mechanisms of immunity to rickettsial infection:
characterization of a cvtotoxic effector cell. J. Immunol. 736, 1418-1421 (1986).

Ruiz R.. Herrero J. 1., Martin A, M., Sanz F.. Mateos A., Hernandez A.. Querol R.. Portugal J.:
Vascular permeability in boutonneuse fever. J. infect. Dis 749, 1036 (1984).

Ruiz-Beltrdan R., Herrero-Herrero J. 1., Martin-Sanchez A.M., Vicente-Garcia V., Sanz-Ortega F.,
Matcos-Sanchez A., Querol-Pricto R., Portugal-Alvarez I.: Formas graves de fiebre exantematica
mediterranca. Analisis prospectivo de 71 enfermos. An. Med. int. (Madrid) 1985/11, 365-368.

Scaffidi V.: Contemporaneita della recente espansione endemoepidemica della febbre bottonosa in
Italia ed in Israele. Giorn. Malatuie infett. parassit. 34, 677-680 (1982).

Segura F.. Font B.: Resurgence of Mediterranean spotted fever in Spain. Lancet 1982/11. 280.

Stashenko P., Nadler L. M., Hardy R., Schlossmann S. F.: Characterization of a human B lvmphocyte
specific antigen. J. Immunol. 725, 1678-1685 (1980).

Talle M. A_, Allegar N., Makowski M., Rao P. E.. Mittler R. S., Goldstein G.: Classification of human
lymphocytes and monocytes with the OK series of monoclonal antibodies. Diag. Immunol. /,
129141 (1983).

Terhorst C., Van Agthoven A., Reinherz E., Schlossmann S, F.: Biochemical analysis of human
lymphocyte differentiation antigens T4 and T35. Science 209. 520-523 (1980).

Topping N. H.: Rocky Mountain spotted fever. Treatment of infected laboratory animals with
immune rabbit serum. Public Health Rep. 33, 41-47 (1940).

Torregrossa M. V., DiFatta C., Zambito G.: Indagini sulla presenza di anticorpi anti R. conorii
(reazione di micro-inmunofluorescenza) in sieri di soggetti sani viventi nella Sicilia Occidentale.
lg. Mod. 79, 225-231 (1983).

Walker D. H.. Henderson F. W.: Effect of immunosuppression on Rickettsia rickettsii infection in
guinea pigs. Infect. Immun. 20, 221-227 (1978).

Weyer F.: Progress in ecology and epidemiology of rickettsioses. Acta trop. (Basel) 35, 5-21 (1978).

Wisseman C. L. jr., Waddell A.: Interferon-like factors from antigen — and mitogen - stimulated
human leucocytes with antirickettsial and cytolytic actions on Rickettsia prowazekii infected
human endothelial cells, fibroblasts and macrophages. J. exp. Med. 157, 1780-1793 (1983).

202



	T lymphocyte subsets in Mediterranean spotted fever

