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end of the run, the tube contents were fractionated as
described, and the uronic acid content of each fraction was
quantitated. Synovial fluids from 3 apparently normal
oxen were obtained, for comparison.

TABLE I. EQUILIBRIUM SEDIMENTATION OF SYNOVIAL
EFFUSIONS IN CAESIUM CHLORIDE DENSITY GRADIENTS'

post-traumatic effusion contained 12·0 JLg! 0·1 ml and the
fluid taken at menisectomy 112·8 JLg!0'1 ml respectively.
The mean concentration of hyaluronate in the effusions
were all lower than in ox synovial fluid.

CONCLUSIONS

RESULTS

• The mean concentration of hyaluronate and chondroitin sulphate in
the effusions are represented as micrograms per 0·1 ml of synovial
fluid.

The average concentration of chondroitin sulphate in ox
synovial fluid is 18·0 JLg!0'1 ml and that of hyaluronate
85·6 JLg!0'1 m!. The mean concentration of chondroitin
sulphate in synovial fluids taken from rheumatoid joints
without appreciable radiological evidence of joint destruc­
tion was 85·8 JLg. In the group of rheumatoid joints with
significant radiological changes the mean concentration
was 145·0 JLg, and in osteoarthritic joints 129·6 JLg. The

Pathology

Rheumatoid arthritis ...
Rheumatoid arthritis with joint

destruction
Osteoarthritis
Post-traumatic effusion
Torn meniscus
Normal (ox) ...

Chondroitin
sulphate

85·8

145·0
12g·6

12·0
112·8
18·0

Hyaluronate

4406

1706
50·6
23·8
54·8
85·6

Those effusions associated with joint damage have the
highest concentrations of chondroitin sulphate. Even a torn
meniscus appears to shed a considerable quantity of
chondroitin sulphate into the synovial fluid. The lowest
concentrations of hyaluronate are found in those patients
with rheumatoid arthritis and significant joint destruction;
the effusion in these joints contained the most chondroitin
sulphate. This suggests that a fall in hyaluronate con­
centration may permit a more rapid diffusion of chon­
droitin sulphate from articular cartilage. Other possible
explanations are that severely damaged joints may be un­
able to produce sufficient hyaluronate, or that the high
concentration of chondroitin sulphate in the synovial fluid
may resist the diffusion of hyaluronate into the joint.
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for Scientific and Industrial Research, the South African Medi­
cal Research Council and the University of the Witwatersrand.
I wish to. thank Dr Alfred Polsen for his advice and en­
couragement and Miss Gail Towler for technical assistance.
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Invasive Amoebiasis: Circulating Antibody
Levels by Latex Agglutination Test *

M. N. MORRIS, PH.D., S. J. POWELL, M.D., F.R.C.P.E. AND R. ELSDON-DEW, M.D., F.R.S. S.AF., Amoebiasis
Research Unit, t Institute for Parasitology, Durban

SUMMARY
Sera from 97% of 200 patients with invasive amoebiasis
and 15% of 100 general medical patients gave positive
results when quantitatively tested with a latex agglutination
test All degrees of agglutination were observed and no
correlation was found between latex agglutination results
and non-invasive amoebae in the gut. Follow-up sera ob­
tained over a period of 6 months from 8 patients showed
reactions of varying intensity. It was concluded that indi­
vidual variation in antibody production was such that the
test could not be used as an index of severity but should
simply be read as either positive or negative.

S. Afr. Med. J., 45, 1206 (1971).

'Date received: 11 June 1971.
tThe Amoebiasis Research Unit is sponsored by the following bodies:
South African ~fedical Research CounCil. Natal Provincial Administration.
University of Natal and the US Public Health Service (Grant AI 09654-01).

Entamoeba histo/ytica is an organism which gives rise to
easily detectable specific antibody when human tissues are
invaded and several serological tests have thus been
devised. Most are capable of quantitation by dilution of
the serum to the point at which antibody activity is no
longer detectable and the titre thus obtained reflects the
level of circulating antibody in the subject being tested. A
range of antibody levels is observed in any population
where invasive amoebiasis is endemic.' Queries arising
from previous publications'" and experimental material
provided to workers in other parts of the world suggest
that a low titre often raises doubts when making a differen­
tial diagnosis as one is tempted to correlate the intensity
of the observed reaction with the severity of the disease
being considered.

This study seeks to show the relationship between the
various stages of invasive amoebiasis, both before and
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Dilutions
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Patient 1 :2 1:4 1 :8 1 :16 1:32 1:64

A 4+ 3+ 2+ 1+ 0 0
B 3+ 2+ 1+ 0 0 0
C 4+ 3+ 3+ 2+ 1+ 0
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LIVER ABSCESS DYSENTERY CONTROL

Fig. 2. Distribution of reaction intensit)' of whole sera
used in amoebiasis latex agglutination tests. Note trends
indicated by comparing 0 and 4+ categories between
groups.

Fig. 1. Reaction intensities observed with whole sera in
amoebiasis latex agglutination tests. Note particularly that
o or negative reaction is opaque and homogeneous.

Table III shows that considerable individual variation
is apparent in the results obtained with sera from the 8
patients taken up to 6 months after admission; although in
5 cases, circulating ant:body fell to undetectable level
within 3 months of treatment.

It is important to note that all categories of patients
showed reactions covering the whole range of intensities
with 2% of amoebic liver abscess and 4% of amoebic

TABLE I. INTENSITY OF REACTION WITH SERIAL DILUTIONS
OF SERA FROM 3 PATIENTS WITH AMOEBIC LIVER

ABSCESS

which only 15% were positive. Within the latter group, 30
patients were found to be harbouring intestinal amoebae,
identified as Iodamoeba butschlii, Endolimax nana, E. coli,
E. hanmanni and E. histolylica, either singly. or in various
combinations. Table II shows an analysis of the control
group.

MATERIALS AND METHODS

after treatment, and the quantitative results of the amoebic
latex agglutination test.

RESULTS

'Malerial available in kil form from Miles-Seravac (Ply) Lld, p.a. Box 141,
Goodwood, CP.

Three hundred sera were examined from adult Bantu
hospital patients in an area where Entamoeba histolytica
is endemic. Those WIth proved invasive amoebiasis were
classified as amoebic liver abscess (100) where characteris­
tic pus was aspirated and as amoebic dysentery (lOO) where
haematophagous trophozoites were found in either dysen­
teric stools or rectal scrapings. Specific response to treat­
ment with metronidazole was subsequently observed in
these 2 groups. A control group of general medical patients
(100) showing no evidence of invasive amoebiasis, was
also examined for intestinal amoebae by direct microscopic
examination of stool smears and by the zinc sulphate
flotation technique. All the observed amoebae were identi­
fied as to species. Sera were selected for the study according
to clinical criteria as specimens were submitted for routine
diagnosis on admission of the patients. In addition, sera
were obtained from 8 of the proved invasive amoebiasis
patients at irregular intervals over a period of 6 months.

An amoebic latex agglutination test * was performed on
each serum after it had been heated to 56°C in a waterbath
for 20 min. Sera were tested in groups of 5 on a glass
plate ruled into 5 rows of 5 squares, each approximately
2 x 2 cm. One drop of sensitized latex was placed in each
square of the first row by touching the glass with the
pipette rather than by letting the drop fall free. An equal­
sized drop of serum was placed next to each drop of latex
and the drops in each square were then thoroughly mixed
by means of a piece of orange stick. The plate was then
gently rocked by hand for 5 minutes. Positive results were
recorded at I-minute intervals from the time of mixing.
Reactions were thus rated as 4+ where agglutination was
obvious for 4 minutes of the testing time, and similarly
3+, 2 +, I + and finally 0 where no agglutination was
visible at the end of the 5 minutes. The essential feature
of the 0 or negative reaction was that the drop remained
opaque and homogeneous, whereas in the I + reaction a
rim of agglutinated particles was clearly seen. The next
row of 5 tests was then prepared and read.

A series of serial two-fold dilutions of serum which
showed 4+ reactions from 3 patients with amoebic liver
abscess was also tested.

Each kit was found to provide sufficient material to test
at least 25 sera. The' types of reaction observed are illus­
trated in Fig. I.

Table I shows the effect of dilution of strongly reactive
sera on reaction intensity and thus confirms that the rating
system adopted does reflect the relative concentration of
antibody in the sera tested.

Fig. 2 shows that reaction intensities covering the whole
range were observed in the undiluted sera of each group,
including the control group of general medical patients in
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DISCUSSION

dysentery negative, while 4% of the control group were
strongly positive.

TABLE 11. MICROSCOPIC STOOL EXAMINATION AND LATEX
AGGLUTINATION TEST RESULTS ON 100 GENERAL MEDICAL

PATIENTS

The results obtained in this study are compatible with the
concept that parenteral contact with a parasite is necessary
to initiate the cellular response which gives rise to circu­
lating antibody.

In the case of amoebiasis, the amoebae initially live in a
non-invasive state in the lumen of the gut. This stage was
represented by the 3 patients in the control group with
purely intestinal E. histo!ytica, none of whom showed

detectable circulating antibody. The next phase, which mav
be manifested as amoebic dysentery, involves invasion o"f
the gut wall and the test was positive for 96% of these
patients. Formation of an amoebic liver abscess may follow
as the third stage of the invasive process and 98% of this
group showed detectable antibody. The over-all 97% posi­
tive result with invasive amoebiasis indicates a strong
correlation between invasion and detectable circulating
antibody. No corresponding reaction to species of non­
invasive amoebae in the lumen of the gut was seen as
only 3 of the 30 patients in the control group in this
category gave positive reactions. One may speculate that
the antibody in the control group as a whole arose from
subclinical infections or else it may have been residual after
previous infections and as such should not be considered as
'false positive'. This consideration applies to all serological
tests based upon the detection of circulating antibody.

The distribution within the groups in Fig. 2 shows that,
considered as a whole, the patients with liver abscess tend
to produce slightly more antibody than those with amoebic
dysentery, and that the control ,group produced signifi­
cantly less. Ranges overlap to such an extent, however, that
a single quantitative observation cannot be related to the
state of the disease in any particular individual. This is
quite understandable as many factors influence the observed
antibody level. Among the most important are the duration,
degree and site of the infection and the efficiency of the
antibody generating system of the individual concerned.
There was no means of assessing these parameters in
naturally infected human patients either before or after
treatment and no provision could be made for the inter­
mediate and overlapping stages which must have been
encountered in a sample of this size. Attempts to interpret
the reaction on a quantitative basis as an index of the de­
gree of invasion can only lead to confusion.

One may conclude that the latex agglutination test for
invasive amoebiasis should be read simply as either positive
or negative.

REFERENCES
1. Krupp, I. and Powell, S. J. (1971): Amer. J. Trop. Med. Hyg., 20, 414.
2. Morris, M. N., Powell, S. J. and Elsdon-Dew, R. (1970): S. Air. Med.

J., 44, 594.
3. Idem (1970): Lancet, 1, 1362.

3
24
58

Agglutination

+\""e

o
3

12

15 85

Intestinal amoebae

E. histolytica
Other
None

TABLE Ill. REACTION INTENSITY OF FOLLOW-UP SERA
FROM 8 PATIENTS WITH PROVED AMOEBIASIS ON

ADMISSION

Time in months

Patient 0 1 2 3 4 5 6

A 0 0 0 0
B 1+ 1+ 2+ 3+ 3+
C 3+ 3+ 4+ 4+
D 2+ 0 0 0
E 3+ 0 0 0
F 3+ 3+ 0 0
G 3+ 2+ 0 0
H 4+ 2+ 0

Experimental Biology Group: Summaries of
Scientific Papers

The following are abstracts of papers read at the 39th Scientific Meeting of the Experimental Biology Group (EBG) held in
the Department of Medical Microbiology, Tiervlei Hospital, Bellville, CP, on 18 February 1971:

BIOCHEMICAL EVIDENCE OF MYOPATHY IN
PALE, SOFT EXUDATIVE (PSE) POSTMORTEM

DEGENERATION IN PIGS

M. C. BERMAN, P. DU TOIT, M'D J. E. KENCH, MRC
Protein Research Unit, Department of Chemica(Patho!ogy,

University of Cape Town

The postmortem phenomenon of pale, soft exudative (PSE) de­
generation of skeletal muscle in pigs, also known as 'wasseriges

Fleisch' or 'Muskeldegeneration' (MD) has been extensively
studied and is of both biochemical interest and economic
importance.' PSE develops in carcasses which have accelerated
glycogenolysis in the immediate (I - 2-hour) postmortem period.
The pale appearance, altered texture and decreased water­
binding capacity of muscle fibres are thought to be due to
denaturation of sarcoplasmic proteins consequent to low muscle
pH values while the carcass is still warm.' Animals whose
carcasses exhibit PSE show no abnormality during life but
there appears to be genetic differences in susceptibility between
breeds and strains. Pietrain and Landrace pigs have the highest




