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The serodiagnostic of listeriosis.

by H. P. R. Sceliger

Hygiene-Institute of the Rhenish Friedrich Wilhelm University, Bomn

with 6 Figures.

Discourse No. 2, Listeriosis, a symposium at Giessen, Germany, 27 - 28
June 1957, pp 20-33. Supplement 1 to Zeniralblatt fur Veterinarmedizin, 1958.

Hitherto existing knowledge of the frequency and dissemination of human
listeriosis is based on approximitely 500 bacteriologically verified findings
from almost all parts of the world. iore than 400 of these pertinent cases
were recognized wathin a pericd of barely 5 years. This circumstance is mainly
due to decisive improvement in bacteriological diagnostic everywhere, and also
to the fact that previously mistaken or wrongly classified pzthogens today are
recognized with increasing frequency.
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Turing the last few years listeriosis has lost its character of a seerd:
1y rare human disease; and we can hardly doubt that cases of illness diagnost
to date represent only a fraction of the total number of human infections wh
really have occurred. It is usually %he case with every seemingly "new" in- -
fectious disease that the virulent forms are recognized first, upon joint
efforts by the clinician, the b:cteriolegist and the pathologist. This has
occurred in connection with .oxoplasmosis, poliozmyelitis, histoplasmosis and
coccidioidomycosis,; but also with various bacteraal infectious diseases. \
Further studies then showed regularly regarding almost all of these infectious )
diseases, that the overwhelming majority of cases may progress clinically with
few symutoms and partly even devoid of symotoms. In dealing with a pathogen
as widely and almost ubiquitously distributed s Listeria monocytogenes, which
has been demonsirated so far sporadically and epizootically in more than 30
differeat wild and domestic animls, one must expect 2 high probakility of con-
tact evea on the part of humens, indicating a larger quota of infections than
is beirg determined at this time.
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If the muxber of proven human infectiocns nevertheless remains within
surveyable bounds, this circumstance probably is strongly based on tne special
dispositional moments with which the familiar severe clinical manifestations
are connected, of which the disposition of age is only one of mmny possibilities.
Ia addition, the bacteriologic determin:=ticn of the pathogen had beea effected
heretofore almost exciusively in caszes with pronounced clinical symptozs only,
ofien only after death. However, this verification has succeeded only in
exception2l cases in connection with the less characteristic forms of listerio-
sis, e.g. during pregmancy, although it hzs been nroved thai the dangerous
newborn listeriosis is acouired vhile still in the wozb. The fact thai benign !
forns of listeriosis, in addition to the feired virulent kinds, are not av all 1
rare vas supocrted amng others by ithe findings of Kyfeldt in connection with i
zonomuicleosis-like diseages and accidental firdings of other authors in a-
symtomtic cases (for summry see 32).
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In view of the many unanswered questions regarding pazthogen verification
of subacute, chronic ard asymptomatic listeric infections #t<was-toncomitant
to utilize the immunity raction of the host as an auxiliary means in detecting
the distribution and frequency of listeriosis, as well as for aiagnosis of
cases not perceptible by bacteriologic means.; This—method has proved itself

overnhelmingly at this studium of other infectidus dissases in the pust docade,
e.g. in connection with american systemic mycosis, spotted fever, spinal in-
fantile paralysis, toxoplasmosis, etc.

Now that initial difficulties in the production of useful antigen prepara-
tions of listeria for the purpose of antibody determination have been overcoue
ard methodicel conditions sor the routine testing of sera specimens are created
(25, 32, 33, 35, 36 and others), we are today f.ced with the quesiion of value
and the vractical significance of the seroreaction to listeriosis.

The answering of this question requires sepzrate consideration of di:ferent
aspects touching rot only on the problem of listeriosis, but also tie overall

possibilities and limitations of sercciaznostic as such.

attempts made heretofore to secure antibodies serologically that wouid
react to listeria or partial components of listeria antigen proceeded from tne
premise that we were dealing with pathogen-specific methods of determination
which devizte in this respect from numerous other serodiagrostic processes
{cf. Herrmann, 1957, 13).

The utilization of pathogen-specific seroreactions to lisisriosis is based
first of all on the sugposition thit the body of the infecied or imminized
person reacts with a measurable production of antibody. ds is v:il known, the
experimental stimmlation of specific listeric antikody in considerable quanti-
ties succeeds without great difficulty, be it after artificial infection or
after intravenous instillation of Ildlled antigen preparations.

On the other hand, reports concerning analogous action in the sponteneously
jnfected large animal, especially the human, are rarely uniform and often even
contradictory. It is difficult 1o assess the extent to which methodically
conditioned causes are involved in reports of total absence of listeric antibody
from serum specimens of pertinent cases. The claim has proved 4o be valid —
and in consonance with some of our own observations - that the verification of
complete antibody does not succeed in all cases of human listeriosis, especially
8o if short-lived acute infections are quickly beaten back and cured with
chemotherapeutical and antibiotic agents. This fact has its parallels in
numerous other infectious diseases and does not speak against the possible
worth of serologic test methods in listeriosis. It should be pointed out, along
with Potel {29a), that final pronouncements on such findings are justified only
if the presence of ircomplete antibody also has been excluded.

Besides, a sufficiently large number of observations made in Germany, USa,
USSR and Canada show that in a larger share of bacteriologically verified cases
of human listeriosis pathogen-specific antibody has appeared, at times in con-
siderable amounts, when the infected person’s organism has had enough time o
cope with the entigen and was able to do this in the first place on account of
age (8, 14, 22, 23, 25, 26, 28, 29 30, 32, 33, 37 and others). Tne last
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mentioned is not the case with nevwborn and infants in the first few montins of
life, for instance (32).

Starting with the observation of a typical € ard H titer curve in a case
of listeric meningitis during pregrancy, dizgnosed .nd successfully treated in
1951 jeointly with Leineweber (37), we have during the past 6 years very seldom
seen an absence of listeria-specific antibody in the sera of genuinely infected
adults, just as noticed by Potel, Patocka et al., Girard and many others. an
example from recent times is given by the serologic findings of a 65-year old
woman suffering from a glandular form of listeriosis, whose serum revealed
typical titer curves.

The specificity of this antibody can ve vroved resolutely by correspending
neutralization tests. .

For instance, if sera with listeria ty_.e 1 0 and H antibody are r-ntra-
lized with the homologous O antigen, there rerains after exhaustion of O
agzlutinin only type 1 H agglutinin, which can be absorbed by the similarly
constructed type 4 H antigen. Conversely, after neutralizatio.. with tyve 4 OH
antigen only type 1 O agglutination occurs in such sera.

.

The fact that specific antibody appears in the sera of persons 111 with
listeriosis and infected animals does not signify, however, that all antibodies
reacting with listeria antigen mst be pathogen-specific. This is shown by
exarples from rany areas of serology whose enumeration would by far exceed the
bounds of this presentation.

For this reason thorough examinations were conducted to answer the question
so importance in practice, to which extent hetercgenic antibody can influence
seroreactions with listeriosis.

As far as is known today, cross reactions between listeria and gramnegative
intestinal germs do not play an important role (Drew 6, present author 32, and
others). Only Jaeger and Hyers (15) report on cross precipitations beiween
the K antigen of a Coli type ani L. monocytogenes type L rabnit antiserunm.

Since hardly anything is knmown zbout L or X antibodies against Coli antigens
in human sera, no practical conclusions can be reached for the time being.
Fronm cwn observations it appears certain that sera of persons with typhus ard
paratyphus as well as infants with infectious coli enteritis as a rule do not
show an increased listeria titer, even if a copiovus amount of antibody is
present against the respective pathogen. The same applies to the reverse.

analogously, neither the animal experiment nor the testing of pertinent
human sera reveal material serologic group relationships between pasteurella
and listeria (32). The same applies to the patlogens of brucellosis and tula-
rema.

This circumstance seams of considerable significance for the practice of
serologic differentiation of unexplained febrile aspecis.

The conditions are much more complicated wnen listeria and other gram.-
positive germs are coxpared:
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Thus we (34) found partial antigen associations between diverse strains of
Streptococcus faecalis, serologic group D, and O-antigen or listeria poly-
saccharide, serotypes 1 and 4., These cross reactions were deronstrated in the
agar gel precipitation test and even in a few human sera with a high titer of
type 1. The cross-reacting receptors can be removed by correspoiding aeutrali-
zation tests with only a slight loss of titer for listeria antigen. The evalu-
ation of enterococcal titers are made as difficult by the results as those of
iisteria. additional test processes are indispensabie, especially those dealing
with heterologous agglutinin neutralization.

sccording to Sachse and Potel (cited after Sachse, 31) it seems thai hewo~
sensitins of other hemolyzing iypes of streptococci also will react with listeric
sera. These findings deserve special attention and reoquire further clarification,
above all in view of the determinition of increased listeric titers made fre-
quently by us in connection with diseases of the upper air passages, in adenoid-
itis and rheumatoses (Lang and Seeliger, 17).

Starting with the demonstration of vigorous staphylococcal agglutination
in the serum of a child probably ill with listeriosis and the report by Orews
(6) on the isolation of staphylococcal polysaccharide extracts by L. zonocyto-
genes type 3 antiserum in a precipitation test, the author in cooperation with
Beeck and Sulzbacher (3, 35, 36) made comparative examimations of listeric and
staphylococcal serology, utilizing agglutination, precipitation and complement
fixation reactions. Initially the tests covered only thermostabile body sub-
stances or polysaccharides. The results reveal distinct group reactions between
L. monocytogenss type 1 or 2 and S. aureus, and especially clearly vetween L.
monocytogenes type 3 and staphylococci, while types 42 and 4b do not show any
antigen relationship with S. aureus {cf. Table 1).

The testing of 1709 humarn sera resulted in titer distribution ss listed in
Table 2.

Tt is evident that a very close relationship exists between the reactions
of listeria type 3 and S. aureus. In view of the great rarity of bacteriological
determination of listeria type 3 in these parts, but alsv eisewhere, the rela-
tively frequent seroreactions with precisely this type of antigen upon agglutin-
ation as well as complement fixation tests (CFT) mst therefore evoke suspicions
of unspecificity or heterologous reactions. This poin® was firmed up in nectra-
lization tests, in which tne type 3 titer often was caused to disappear by
absorption with a. aureus antigen. For this reason we have for the time being
desisted from any attempt to evaluate type 3 titers in the routine.

The situation seems different with listeria type 1. Positive agglatination
titers and complement deflections in the presence of listeria type 1 antigen
agree only in part of the cases — and this in 2bout the same frequency as in
listeria-negative sera — with S. aureus serotiters. This was supported by 3,000
additional serologic analyses. Even though a gemuine interference with these
seroresctions is not invoived, we have, since 1955, titrated all listeric sera
positive in the CFI which showed reactions with S. aureus antigen, in a compaia-
tive msnner and offected reciprocal neutralization. 4 few examples of many are
reproduced in Tahle 3, from which it is evident tmat the homologous iisteria
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titers cannot be causea to disappear either by sole neutialization of such type
1 sera vith S. aureus antizcn ur enterococcal antigen or by combined absorption
wilh zoth antaigens.

Upun neutralizatiecn cf such sera with listeria type 1 antigen sometimes all
antivodies diszpvear, at times S, aureus antibody can ve dexonstrated even after

.removal of listeria antibody. The latter is clearly shown in sera of patients

with chronic staphylococcal infections {3eeck, 3). X
Thus a certain encroachment of listeriosis serolozy by thermostabile
stephylococcal antigens does indeed exist. This ray be eliminated only by the

methodic steps listed here.

The signilicance of the thermostebile factors is still not clear, nowever.
In this connection it shoula be remembered thzt Girard observed cross reactions
between listeria hemolysin and staphylccoccal toxin (9).

Taxonomicaliy as well as practically important are furthermore, antigen
associations between listeria and grampositive corynebacteria, espvecially tne
types pethogenic for man and animals. Potel (29a) and Osebold (personal corres~
pondence) mention for instance agzlatinations of Coryrebacterium pyogenes and
closely related strains in listecic sera. During precipitation tests with poly-
saccharide extracts of 10 strains or C. progenes ver. nominis, 2 cultures of
the gelatin~licuefying C. pyogcnes as well as 10 additional corynebacterium
types including 6 motile cultures probadbly belonging to C. nelvolum and C.
poinsettize, we did not observe isolziion by hizhly concentrated sera of all
types of L. monocytogenes; but this fact in no way excludes ihe presence of
other group components not belonging to the thermostabile polysaccharides.
Firally, an observation by Lodenkamper (20) should be mentiosed, who found cross
reactions up to tne titer limit in commarisons of acidophilus strains with his
culture which we believe to be L. monocytogenes. Further persyztion of tii
complex of cquestions also seems indicazted.

shile comparative tests of listeria ard virns antigens are still lacking,
something is known about the relztion tetween listeria a.ntlgens on cne nand amd
leptospira or toxoplasm antigens on the other:

Routine exacination of a number of sera with a high agglutinztion titer
against listesdia antigen did not revezal signs of important titer interference
during a,_,gluulna..:.on tests, CrT and agg.u.a.nat:.on—lys:.s tests with leptospira
antigen as well as in reversed tests (32).

anclogous action was seen in comparisons of 861 sera, whizh were simil-
taneously examined for listeria and texoplasma anl.i'mdy, following pronounce-
=zents of suspicion oi listeriosis and toxcpiasmosis in the patients involved.
findings enalyzed by Piekarski, Seeliger and Saathoif {27) are reproduced in
part in rig. 2 and 3.

Tie major part of the blood tests were either neg=
or only showed increased antibody levels zgairst one 01‘ e two pathogeas. The
portion of blood specizmens containing both toxosl..s:a ni listeria antibedy was
always small. However, ii exceeded theoretically c):pec ted values in the case

tive in both directions
ta
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of toxoplasma antigen as well as listeris antigen. These mtual increases in
titer values may possibly be a menifestetion of double infection which is to be
expected in view of quite similar epidemiological conditvions. The percentage of
probable double infections fluctuates in the tested, selected miterial betweea
0.6 and 2.9 of all specinens, or vetween 0.3 ard 12.9 of "positively" reacting
sera (listeria titer above 1:160, toxoplusma titer above 1:256).

In view of the possibility of irfluence of lipoid reactions on listeriosis
serology in the CFT it should be mentioned that the Wassermann reaction was
negative in almost all of our listeriosis-"positive" sere (32). Similerly it
is certain that heterophilic antibodies are not stimulated hy listeria antigen
and that listeria seroreactions and the Paul-Bunnel test do not exert any influ-
ence on each other.

Thus, at the present stage of our Imowledge and on the basis of extensive
tests, a mumber of weighty arguments speak for the pathogen-specificity of
antibody directed against listeria antigen found in human sera. —

The findings based on comparative antigen analytical tests are solidified
even more by additional factors:

First of all it should be remembered tmat O and H antigens of listeria are
di fferent. Although at tizes cnly isolated C titers are found in humn sera,
0 titers usually sre accompanied by H titers. In view of the insufficient de-
velopment of flagella and thus of H antigens at human body temperatures it is to
be expected that in part of the infected persons the H titer will be far behind
or will develop only imperfectly. On the other hand we }mow of observations
ir which first the H titer appeared and later the O titer.

Even if it is stipulated that a part of the O titers are caused by hetero-
logous antibody, it appears rather improbable that corresponding H antibocy
should also be attributed to additional heterologous serum agglutinins.

Tne fact that these H agglutinations are rot only directed agairnst type 1
antigen tut are effective also to the same extent against the serologically
gimilar type 4H antigen, also speaks for a serologic specificity.

In addition, the frequency of antibody directed a2geinst O antigen of
listeria type 1 is parallel tu ¢the preponderance of occurrence of type 1 in man
and amimal. The rarity of type 40 antibody in human sera corresvonds to the
smll purber of type 4 bacteriologic findings.

Contrariwise, Osebold and Sawyer (24a) in the USa, where type 4 vpredominztes,
fourd type 4-0 aggintinins in low dilutions in a relatively high percentage of
sera from healthy persons. as a partial corroboration of these findings Girard
and Gavin (10) report from Canada that during examiration of 100 sera from
pregnant wemen in Dalhousie orly L% showed O agglutinins against listeriz type 1.
Zut type & antibody also could haraly be demonstrated; while 587 revealed at
least partial H-1 titers up to a serum dilution of 1:256 and 18% gave vigorous
rezctions at this dilution against only 5% positive reactors with type L-H
antigen. & direct coxparison with our results is not possible, because Girard's
production of antigen and test techmique ciffer somewhat ircm curs.

6
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Considerable diagnostic puzzles are nresented by isolated findings in
which iype 1 titers ave higher in spite of assured tyme 4 infection.

Such a case, jointly ex.zinea by Girard, Geavin ana by us (10), showed the

Jllowing in the mother's serum: a type 1-0 titer of 1:80, 2 type 1-H titer of
1:640 and a distinctly positive CFT ot 1:5 with 4 negative type 4-0 titer and 2
L-H titer of 1:80. Type L CFT wes negetive. These tilers ere surprising for
the reason th.t the sirain isolated fru.a “he newborn definitely belonged to
type 4b end that following zbsorption of ine mother's serum the sirain-specific
antitody disappeared, but not so the 1-0 and H agglutinins. The latter wvere
e2sily exhausted by means of iyne 1 antigen.

Speculatively, a number of clarifications are possible, e.g. 2 secondary
infection with type 4 witkhcut antibocdy form:tion following previous type 1
infection cured with residual titers and anamnestic antibody development, etc. —

The most Imnortant argument in fuvor of pathogen specificity of antibody
effective ameinst listeria antizen in 2zglutination tests 2s well as in the OFT
consists of its conspicuous frequency vrecisely in commection with those patho-
logical conditions which agree clinically with lisveriosis, without teing
far-fetched.

Tnis, for instance, is applicable to a certsin group of central nervous
disturvances, cerebral afflictions and postencephalitic conditions which are
campletely inexplicabie in their stiology. Compared to similar aspects of known
etiology this group reveals statistically significant increases in higher
listeria titers, being especially vivid in the CFT. lang (15) has reported on
this after joint explorztion with the author and has recently reaffirmed these
findings published in 1954/55 by evaluating an even larger nucber of tests (17).

4 second group of patients, as yet st211 in number; with elevated titers
and rartly typical titer progressions, is found among patients with laul-Bunnell-
negative general infections wiich accompany tunescence of the glands, liver and
spleen, at times seen with encephalitic manifestaticns and peripheral mono-
mucleosis.

The third group consists of cases of accumlatec still births and mis-
carriages, collectively called “habitval abortions.” This designation hides
disturbances of known gzenesis {erythroblzstosis due to Rh-incompatibility,
toxoplaszosis) and soms with unknown causes. 2ost, Paul and Seeliger (30) found,
in agreement with independest exaninatlons at Prague {Patocka, Hencikova et ai.,
22) thet a nu-ber of these unfortunsie pstients showed 2 distinetly vositive
reaction in the azzlutimetion test and CFT with listeris antigen. at tipes
such titers were obtained only 2t control tests in the 3rd and 5ih month of
renewed pregmancy. These titers could be lowered in part antibiotically with
tetrecyclin and subseguent supromal dispensations. Yoreover, at the first
aitempt consistently applied therapy led to the full term and birth of a healthy
child in an encouragingly high mumber of cases. 5o far, in dealing with 8
wozen with a total of 30 miscerriages, 6 cases resulied in sirixing success,
arong then a woman with 5 miscarriages siio had specificzlly requesied steriliza-
tion. (Fig. 5.)
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O although Potel ani alex (1, 29b) have ascertained that after verified
newborn listeriosis new pregnincies may occur without previous therapy, several
cases are also found in the area of Halle who suffered a repeated miscarriage
following previous listeriosis. W¥e suspect that in listeriosis — analogous to
other infectious diseases -- a number of latent germ carriers remain which cannot
as yet be isolated bacteriologically, in which case the normal course of gesta-
tion cannot be guaranteed due to the persistence of pithogens in the genitals.

In this connection a few short remarks should be made concerning sero-
diagnostic of listeriosis in animals, especially large animuls. Doubtless
infections in animals lead to the formation of antibody, partly even to the
development of extremely high titers. However, the uncommonly frequent demon- :
atration of antibody in the sera of healthy large and small animals without a g
history that might indicate clinical listeriosis makes evaluation so difficult
that the research group around Graham resignedly refuted the importance of
serolog - as an aid in connection with infections in the animal kingdom (11). i
In the meaniime Pote. and Ehrenhardt (cited in 28), Dedie (5), Linsert (19), as | |
well as Czech and Hungarian researchers (2, 4, 18 and others) have had similar !
experiences. Nevertheless it has been shown that serologically negative fowl l
show an extremely rapid increase in the number of positive reactors, even with- :
out clinical mnifestations, at the occurrence of listeric infections, tending | '
to support a supposition that the titers so frequently observed represent b
nothing tut an expression of a latent, ubiquitous enzootic state and possibly \
even of occult imminization. Bastar et al. (2) and Lax (18) furthermore indi- {
cate the probability that a positive CFT may be feasible diagnostically.

O decent publications by Osebold and others (24b) prove that despite the presence
of basic titers exverimental listeric infections (super infections?) evoke
immune-biologic responses and measurable increases in antibody following
previous immnization.

VAthout trying to usurp the place of veterinarians and veterinary bacter-
iologists, it seems that the serology and immune-biology of listeriosis in the
animal kingdom promises many an epizootologically and diagnostically interesting
disclosure.

I shall touch on the method of testing but briefly. We have recorded our .
experiences and results elsewhers (32). Whoever deals with this specialty of P |
listeriosis research must realize that each alteration of method, be it in the
selection of test strains or the production of antigens, must invariably lead
to different results. We do not believe that the methods utilized by us are
necessarily the best; tut they can be duplicated and have shown entirely con-
stant results in the course of 5 years. ibove all they enabled us to coupure
new charges with proven antigens and to adjust them precisely. Unfortunately
the changes in test methods frequently undertaken locally make any kind of
comparison of research and results impossible in diverse pliaces. We have re-
peatedly made astounding discoveries in checking some results and titers; at
times the utilized antigens were worthless, sometimes there were titer differenc-
es by several grades of dilution. Part of the published findings are difficult
to assess due to the fact that a nurber of research centers were furnished
wrongly designated listeria type strains. In order to avoid such happenings

O we deposited our type strains four years ago with Prof. Dr. Hauduroy, Lausanne,

s

from where they may be obtained. Unfortunately the strains are not always
8
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3 prperly atvendea to. I hes been provad »\so that cultures utilizea for antigen
production occasion. 11y aegenerzte und thus lose their val. for the evaluation
of antigen-antibody re.ctions. Zast but not least a titer determinstion has i

Jitti> sense, for the reason given, if the antigen comes froua wiuyped straias,
unless the strain isol.ted from tae patient is available.

Frequently tne cuzstion is raised s to which test process should be used.
4 generally valid answer may be given herete in this sense that every type of
serodiagnostic is improved by parailel utilization of several methods. First
consideration goes to the agzlutinuiion reaction, the listeria—iidal, due to
its unproblematic accomplishment. It is a useful zid when constantly reacting
antigen preparations are aveiluble and when O or H antibody is analyzed separaie-
ly. It has its limitations, however, for instance by the faci that its result
is sometimes negative or shows low titers, while other reacticns, e.g. the CFT,
are strongly vositive. e base this on bacteriologically verified findings.
) vipoever depends solely on the Listeria-iidal must expect to overloox some
assured illinesses.

A supplemental method is offered by precipitation, wnith however has not
proved itself to ddte, in contrast to inivial favorabie reports. It is not
clear wnether insufiicieni precipitatior is due methodic2ily %o inadecuate
sensitivity of the test method or t> actual absence of precipitating substances.
The future will probably bring more favorable results. These, . <ever, reguire
rmore sensitive test methods, better antigens and repeated contrc.s, especizally

) in the first stadia of the disease. :

B T TP LS

Good results have been achieved with antigeas produced according to sprci- ;
fications, as reported not only by Patocka and by us, bui also by kannweiler iy
(21) who ascribes greater specificity to the complement fixation test, although
it has been used by a small number of researchers only. Our own experiences ‘E
and conclusions see in the CFT a valuable and indispe:sable suprlement to the ia
“idal reaction, without which valuable insight into irmune-hiologic processes W
would be lost to serology. ss a rule, not only in listeriosis, deep and dis~ !{
semineted infections with involvement ¢f the raticulo-endothelial system often, :
if not always, lead to a vositive CFT, whose disappearance coupled wiith simul-
tareous improvement of clinical symotors allows prognostically favorable con-
clusions. [Freguently CFT titers are the only determinable manifestation of a
lztent infection. 4s an examole the inapparent listeriosis of pregnancy. may be
mentioned, whose transition from the chromic to the acute statium dangercus to
the fetus can be recognized as ezrly as the 3rd and 4th month by a positive CFT.
Certainly at times anamnestic reactions may be invclved, btut experience teaches
that socalled unspecific titer elevaticns are much rarer than acserted heretofore.

yv.
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Fiwnally Potells hemaggiutination test (29z) should be mentioned, in which
the hemosznsitins of listeria, bounc to erytarocytes, are utilized diagnostic-
ally. These detachable reaction products, in a3y opinion, .re identical not h:o
0 antigen, but probably with a detachable polysacchariae fraction of a haptenal
characlter. The titers therefore are not nezessarily paraliei to the O titers.
Perhaps we are dealing here with the searched-for,sensitive, modified precipitin
reaction as utilized in fungus antibody research. The methoa is not recommended
as a routine, since comparative tests on a broad basis with simmltaneous testing
for agglutinmating and complement fixing antibody are essential. To my knowledgzge
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the last mentioned, decisively important control has not been accomplished.
Then the degree of specificity and sensitivity must be tested. It must be re-
membered thit the hemagzlutination test, due to manifestation of trivial cross
reactions between heterologous antigens and antivodies, shows such a high
degree of sensitivity thut its utilization in several areas of microbiclozy and
serology is seriously endangered. In a serodiagnostic which is already weighed
down with such an enormous quota of presently unfathomible "normal titers", a
genuine contribution by hemagz _lutination can be expected only if it enables us
to comprehend heretofore hidden parts of the antibody spectrum.

whether there is such a thing as a "proving" listeriosis titer, we cannct
say. Nevertheless CrFT reactions with high dilutions of serum, i.e. with titers
above 1:10, seem to indicate an existent, active infection., Low titers may
have the same meaning, as is the case with residual titers following overcoming
of the infection and clinical recovery. ile have been checking some constant
titers for over 3 years without seeing fluctuations of more than one dilution.
Similar circumstances apply to agglutination titers, which are to be considered
suspect from 1:320 up and possess a certain conclusiveness only at serum di-

lutions above 1:640. Thus we succeeded in diugnosing several cases serologically

before the pathogen was demonstrated. On the other hand, titer valres of 1:40
to 1:160, always missing in infants, but found in 70% of children up to 12 years
and in about 30% of adults, may be the only sign of an existing infection.

Thus evaluable data emerge only after repeated serum controls. This applies
not only to listeriosis, but to many infectious diseases.

It is understundable that the practising physician will not be enthused by
these facts. Perhaps more restraint in deminds for serodiugnostic tests could
be practised on the part of the clinic, since they are not only time-consuming
but often unnecessarily burden the laboratory as much as the patient. In
dealing with all acute, questionable infectiocus diseases an adequate amount of
serum should be obtained as early as possible, it is then deep frozen; combined
with an additional specimen after 7 to 10 days it will enable the laboratory
to accomplish serodiagnostic, if the latter still proves to be necessary.

The situation is more difficult in dealing with suspected secondary con-
ditions, since often only residual titerx are demonstrable here, unless chronic-
subacute processes are involved. Walle the residues do not show important titer
changes following aimed chemotherapy, the last mentioned chroni. cases of
listeriosis are often accompanied by distinct and constant titer depressions
after successful therapy, at times even Ly the disappearance of all previously
positive seroreactions, just as relapss munifests itself by conspicuous titer
peaks (Fig. 6).

Vherever possible, O and H agglutination tests and quantitative CFT should
always be started parallelly; for only by comprehension of several parts of the
antibody spectrum can a diagnostically evaluable and perhaps even progrostically
significant insight into the immune-biological happenings be gained. Experience
will show whether the combination of serologic methods utilized heretofore is
adeguate, or whether it can be advantageously supplemented by other tests.

Next to the precipitation reactions the little used intracuteneous tests with
correspondingly prepared antigens or antigen fractions deserve special consider-
ation (12, 38). The opinion that this method is feasible in principle and even
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oromising of success, is supported by recent experiments with animals in the
usa (7).

In closing it should be stressed again that the serodiagnostic method is
always tut an aid, which often is abie to serve better in verifying the patho-
genicity of a germ than in diagnosing a disease. The latter is usually possible
only with typical titers.

The serodiagnostic of listeriosis can never replace or render superfluous
the direct demonstration of the patiozen. On the contrary, where szrologically
positive or suspected f..ctors appear, a sezrch for the pathogen should be con-
ducted with all available means. Iesearch of listeriosis, especially its sero-
diagnostic, is stiil a ycung field ard has only picked vp speed in the last few
years. Unile demnding a critical node of observation, serolegic and immune-
biologic test methods promise many interestirg epidewiological, erizootic and
pathogenetic disclosures. )

Table 1
Cross reactions between L. mcnocy‘bogenvs, serotypes 1, 2, 3, 4a ard 4D,

S. faecalis, strain 149, and S. aureus in tae precipitin test with polysaccharide
extracts {after Seeliger, Sulzbacher and Beeck)

antiserum tormal,
antigen S.aureus S.faecalis serum
12 3 ta b (83) {119) control
L.monocytogenes
type 1 A - - - - -

Ht
type 2 HE O - - - - -
type 3 - H

type la - H
type Ib - -~ H H - - -

S.aureus - - /(3) - -
(28 strains) (7) £4(6)
(20) (19)
S.faecalis (LO¥/A - - - - 24 -

* Number of positivel:r reacting strains.
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Table 2

Frequency of positive CFT titers in the presence of L. monocytogeres,
type 1 and 3, —— a3 well as 5. aureus antigen in 1,709 human sera.

Positive CrT at serum éilution of

antigen 1:5 and higher
L. monocytegenes, serotype 1 261,
of these: serotype 1 alone 95 (36i)
serotype 1 and serotype 3 95 {34.13)
serotype 1 and S. a2ureus 26 {9.8%)
serotype 1, serotype 3 & S. aureus 53 (20.1%)
L. monocytogenes, seroype 3 359
of these: serotype.3 alone U0 (39.13)
serotype 3 and serotype 1 90 (25.1%)
serotype 3 and S. aureus 76 (21.18)
serotype 3, serotyoe 1 & S. aureus 53 (1:.7%)
5. aureus 245
of these: S. aureus alone 50 (36.8%)
S. aureus and serotype 1 26 {10.6%)
S. aureus and serotype 3 76 {31.05)
S. aureus, serotype 1 & serotype 3 53 (21.6%)
Table

Absorption tests with ]istéria—-positive human sera in the gquantitiative CFT.

Titer
Serum absorbed serum
by L. mcrocytogenes S.aureus 3.faecalis control
tvpe 1 type 3 type 4b B3 L9
C622/55 - X 1044 - SHH St -
S.aureus R3 : SHHA - - S5H -
S.faec.L49 1 St - 5t - -

S.aureus 53

and S.faec.li9 54 St -

C940/55 - WA 10H SHf
S. s B: b3 5 -
Sheens mf W T oy 7 -
S.aureus 83
and S.faec.LL9 2044 SHA - -

(continued next page)
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Table 3 (contirued from nreceding page)
‘ Titer }
Serun absorbed serun
' by - L. monocytogenes S.aureus S.faecalis control
type 1 “type 3 type 4b B3 9
c2235/55 - 1O/ 1044 S 10 MO -
S.aureus B3 40 - - C - not done
S.faec.L49 40 1044 544 not done - -
Normal
serum - - - . -, - : -

# reciprocal value of serum titers (50-percentual inhibitition of hemolysis
equals £f) (Translator's note: Table 3 is not starred) .

; e Ol titer- = -
Titer ; - HL titer ‘i“,' CFT titer type 1
1:12&)% N £ pathogen demonstration
1361;0 ;- \\\ e e e s
1:320 * | \/\,\.\

d S ,
1:160 & o , \

- L , ’ ) .

1:80 - g o {';"f‘ o _

i ) {3 !‘! / \3} .
1:40 = & & i gf]

H s w; / :"z

] " K4 N } .

. ‘. ! (;.’ A |g M
1:10 | A [:‘_4 8 |
. : ik S g

i ¢ v N N
5 Dec 56 13 Dec 56 26 Feb 57 3 Apr 57

Fig. 1. Titer urogression in a case or bacteriolagically verified

listeriosis of the cervical gland (Case E.B, — V-11 282/56, aﬁ‘.er Seeliger,

Vogels, Teschner and Linzenmeier, 1956)
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Iisteria titer

0 agglutinins, ! H agglutinins

-y

O

: negative 1:40-1:160 above 1:140 negative 1:4,0-1:160 above 1:160
i
i Sabin-Feldman test positive Sabin-Feldmn test positive
375 sera 375 sera
!
| LT tters wp to 1236
i i ltiters above 1:256
% | 1
ok 215 93 ' 165 187 23
7 = S =
P ¥ Lo
20 - vl 8t : K
3 - -7’ ‘= N P 1

Fig. 2.

Listeria O and H agglutinins in 375 Sabin-Feldman positive sera

~ (after Piekarski, Seeliger and Saathoff, 1957)

Listeria CFT Listeria CFT ¥
negative positive :
699 sera 112 sera i
SFT SFT SFT SFT |
negative positive negative positive f
100 -~ l
90 - |
g } i
70 - _ '
60 i ST.4% | 52.7% T
50 - A% h2.6% MY 47.3%8 .
hO - 1: "’
00 0 Agg Ve £haTR
20 " ‘;zf $ !
10 I. v ',3 ? . g':
) . .
Fig. 3. Results of listeria CFT with 699 toxoplasma-negative sera (SFT)

(after Piekarski, Seeliger and ‘Saathoff, 1957)
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Healthy children

Involvement of the central nervous system

etiology clarified

W e 4 e e s v .- A

‘ etiology probably clarified L= 36
inhibitory ﬁa.lformations » gross :
developmental disturbances ;=30
etiology not clear TR ¥ |
: i (18.3%)
other diseasss |5l TS
i (6.3%): — P

Fig. 4. Distribution of elevated listeria agzlutination titers (12320
and higher) and positive CFT with involvement of the central nervous system
and other diseases in the childhood period (after Lang and Seeliger, 1957)

Case ! o | After

nuiber ; Without treatment gtrea.tment
Fr.E.Z.E + ¥ oo ¥ K T ‘i ? :
wofssl ¥ F ¢ 1% T o
3137/531 * vt S
2206/55| F + M + P
2108/49 " 1 ! ¥ | ]
1273/56 | P |

1259/56 1 * M | $
298/56 + % PR

. Fig. 5. Therapeutic results for 8 patients with habitual abortion and
serologically positive evidence of listeriosis (after Rost, Paul and Seeliger
1957) (* represents miscarriages)
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Case number 3137/53 0% Para

Aggl. ’
titer 'I'HER&P!J‘ _ : l 1
61.0’ .
320; =0 ——r . N
160‘ \.‘-—u-:——.a ] \r-u-b‘ ‘b A g
1 80‘ :
' ~CFT’¢¢ g8 g L PP HE ¢ P
6739‘3456%5&910’”11
_ 1955 1956 A
')1 T | 3.;.- e
ABORTUS ~ L.R. M.II/III M.V - PaRTUS
. MENS II (10111) .. 28 Nov 56
: ) - 45 cm
2230 g
Fig. 6. Listeria ti..r curve at habitual a.bortion (after Rost, Paul and j

Seeliger, 1957) ; _ ]
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