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Are we spraying DDT at an appropriate period of time

to control malaria in Myanmar?

Myint-Htwe

Health Systems Research Unit,
Department of Health

DOT spraying activity has been carried out to control malaria in Myanmar for many

years.

Appropriateness of spray timing is being evaluated by applying moving

average method on slide positivity rates in five states and four divisions of the

country.
areas, spray timing should be adjusted.

INTRODUCTION

Malaria has been 1identified as the
most important public health problem
in Myanmar. It has been accorded
firet priority disease in Third PHP
(People's Health Program) (1986-1990)
and first National Health Plan {(NHP)
(1991-1992). To achleve systematic
implementation of malaria control
operations, the <country has been
divided into five distinct strata
taking into consideration a variety
of determining factors for the
occurrence of malaria [1]. Residual

spraying 1is one of the major
activities performed in stratum II
(areas under control by spraying).

These areas have been sprayed for
many years and it is high time that
spraying activities be reviewed
in-depth in the context of correct
spraying technigue, logistics of
spraying, timing of spraying and
gusceptibility status of insecticide
used, etc. There has been 1little
change in the spraying time for more
than two decades. This study 1is an
attempt to elucidate whether the
current spraying time is appropriate
or not in the context of present
epldemiological conditiens. The
magnitude and importance of spraying
activity 1in the country can be
envisaged by observing the fact that

It was found that, in order to cover major tramsmission peaks in many

tons of DDT have been used yearly by
the Vector Borne Diseases Control
program [2].

The objectives of the study are

(a) To elucidate the transmission
geason of malaria in different
states and divisions.

(b) To time the spraying activity in

accord with the transmission
period in respective states and
divisions.

MATERIALS AND METHODS

It 18 a retrospective analysis of
secondary data available at the
Vector Borne Diseases Control

Program, Headquarters, Yangon.

Study Area
States/Divisions which have complete
sets of data on monthly slide

positivity rates for at least 5 years
(1984 to 1988) were taken [1]. A
variety of different topographical
areas (hilly, plain, coastal,
forested) are included 1in the
selected states and divisionms. It
was decided to analyze state and
division-wise because factors
governing the vector bionomics will
be somewhat dissimilar in different



states and divisions. In other
words, generalization for an area
could not be made if overall seasonal
variation of the country is examined
in toto.

Study vardhle
Slide positivity rates from sprayed
areas have been chosen as the basic

variable. The rationale for using
it to determine transmission season
is that the ratio of Plasmodium
falciparum to FPlasmedium
different states and divisions from
slide positive cases is in the region
of 85:15 (1984-1987) [2]. There
might be recrudescence of falciparum
malaria but the numbers are few and
far Letween. The distribution of
blood slides examined covers all age
groups and generally follows the
population structure [1].  There is
also no disproportionate examination

of hlood slides among various age
groups L[1J}. Further elaboration of
the dats in terms of strata shows
that there 1is no aggregation of

falciparum malaria in one particular
stratum or area, instead it is
distributed somewhat evenly [1].
Thege facts further justify the use
of slide positivity rate.

Study Methods

Transmission season can be determined
by parasitological, entomological and
epidemiological methods. The
parasitological methods are more
sensitive than entomological methods.
Infant parasite rate is one of the
sensitive indicators to determine
transmission sesason e.g., longitu-
dinal menthly infant parasite surveys
starting with the new born infants.
Use of morbidity statistics alone can
be mwisleading because relapse of
vivax malaria may occur when trans-
mission is absent. When morbidity
statistics are used, it is to be
cautioned that seasonal rise starts 2
to 4 weeks after the first transmis-
sion has occurred. As in meost of the
infectfous diseases, malaria exhibits

Z

vivax in

temporal variation which is charac-

terized by seasonal variations,
cyclical variations, secular trends
and random variations [3]. Seasonal

variations can be defined as changes
in intensity or endemicity of malaria
in a particular area at different
times of the year. The fluctuation

of a parameter area at different
times of the year. The fluctuation
of a parameter value (e.g., slide

positivity rate) is contributed by
the above four factors. In order to
depict seasonal variation, the other
three factors should be suppressed.

Classical decomposition analysils
usually assumes a multiplicative
relationship between the four
components of a time series, Time
seriee data, which are statistical
data collected or observed at
successive intervals of time, were
used to depict the transmission
geason of malaria. Thus, a trend

component is denoted by T, the
cyclical component by C, the seasonal
component by § and the {irregular or
random component by I. Each obser-
vation V of the time gseries can be
expressed as

Vt=Tt * Ct * St * It at time period t.

If all variations in a time series
were due entirely to seasonal
influences, the specific seasonal for
a given month is an index number
where base is a mean monthly variate.
The ratio-to-twelve-month moving
average method relies on a monthly

time series being affected by
seasonal variations which repeat
regularly vyear after year. The

malaria data pattern can be correctly

assumed as a seasonal time serles

data and thus computation of seasonal

index 1is justified. Two Treasons

support the seasonal nature of

malaria data.

(a) The peaks and troughs are
consistent over the years.

(b} There is an explanation for the
seasonal pattern.



Computation of Seasonal Index [3,4)

Seasonal Index is defined as the
ratio of the actual value of the time
series to the average for the year.
There is a unique index for each
period of the year. As the data are
monthly data, it has 12 seasonal
indices. A seasonal index of 126% in
October is interpreted to mean that
the number of cases (or parasite
positive cases) in October is 126% of
the number of cases in the average
month. Similarly, an index of 65% in
February is interpreted to mean that
the number of cases in February 1is
65% of those in an average month. The
following steps have been performed
in order to obtain seasonal indices
(Example computation 1s shown in
Table 3).

(a) Computation of Centered 12 Month
Moving Average

Computation of moving averages 1is
based on the length of seasonality.
As the seasonal index is aimed to get
the monthly pattern of malarie
transmission, 12 month moving totals
were computed.

(b) Computation of
Seasonal Index

Approximate

The ratio of each month actual value
to its centered 12 month moving
average was computed, This 1is to
eliminate or reduce the secular trend
and cyclical variation from the data.
Thus, 1t represents the seasonal or
random component of the time series.
These ratios are approximate seasonal
indices.

{c) Refinement

The first refinement, in order to
eliminate as much randomness as
possible, was to compute the mean
ratio for each month, All the ratios
for a particular month were added and
divided by the number of months
involved.

(d) Computation of Normalizing Factor

Normalization factor was then
computed using the formula, Normali-
zing Factor = 12/(sum of mean
ratios). This was done to adjust the
mean ratios so that they summed to

12.

(e) Computation of Final Seasonal

Indices (SI)

Ultimately, seasocnal indices were
calculated for each month by multi-
plying the mean ratio of each month
by the normalization factor.

RESULTS AND DISCUSSION

Seasonal Indices for States

The following seasonal indices, based
on slide positivity rates, were
obtained for five states.

Taple 1. Seascnal indices for five States

Month Mon Kayin  Kayah  Chin Shan
Jan *1.031 1,199 0.826  0.95%  0.671
feb 0.937 0.951 C.h6%  1.081 0.6%7
Mar 0.908 0,973  0.464  0.831 0,744
Apr 0.812  1.122  0.671  0.885  0.642
May 0.751  0.939  1.034% *1.023 0.74)
Jun 0.809 0.896 1.122 *1.216  0.97%
Jul 0.950  0.86% 1,705  0.982 *1.171
Aug 0.979  0.855 *1.154%  0.847 *1.208
Sep 0.997 0,907 *1.195 *1.030 *1.121
Dct *1.108  0.890 *1.241 *1.057 *1.512
Nov 1440 *1.283 *1.517 *1.126 *1.121
Dec *1.351 *1.567 *1.449  0.898 *1.369
* presumed transmission seasan

State-wise Analysis on  Seasonal

Indices

Depending on the topography and
vector prevalence of an area,
transmission season will wvary. The
geasonal indices in Mon State appear
to increase starting from the latter
part of the year. This 1is also
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supported by sporozoite dissection
records in which highest positive
rates were found in the latter part
of the year (vector: An. dirus). The
transmission season seems to be in
the last quarter of the year. In
Kayin State, two transmission peaks
are observed, minor peak in April and
major peak in November and December.
The seasonal indices in Kayah State
start to Increase 1n June and reach
its peak 1in November and December

where 152% and 145% of the normal
occurrences are respectively
observed. Malaria transmission
appears to be intense during the
latter half of the year. The

transmission season of malaria for
this state 1is prolonged and covers
almost three quarters of the year. In
Chin State there are two peaks i.e.,
June and November. The transmission
season appears to be shorter in this
state compared to other states
(vectors:  An. minimus and An.
maculatus ). In Shan State, the
transmission season seems to be inthe
latter half of the year {(vector: An.
minimys). The first half of the year
has the lowest transmission poten-
tial.

Seasonal Indices for Divisions

The following seasonal indices, based
on slide positivity rates, were
obtained for four divisions.

Diviston-wige Analysis on Seasonal
Tndices

In Ayeyarwady Division, there are two
peaks, one in April and the other one
in November and December, Major
transmission season appears to be in
the last quarter of the year. In
Mandalay Division there is only one
transmisgion peak and spans a
duration of five months, Yangon
Divieion exhibits two peaks, minor
one in April to June and the major
one in November and December. Similar
observations are noted in Bago
Diviaion. As per the data elucidated
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Table 2. Seasonal Indices for Four Divisions

Month Ayeyarwady Mandalay Yangon Bago
Jan 0.989 0.50% *1.086 0.768
fFeb 0.830 0.481 1.076  0.880
Mar 0.933 0.576 1.048  1.002
Apr *1.021 0.611  *1.090 *1.131
May *0.99 0.633  *1.085 *1.031
Jun 0.951 0.957 *1.127 *1.235
Jul 0.7%7 1.0 1.086 0,905
Aug 0.839 *1.177 0.329 0.808
Sep 0.848 *1.315  0.276  1.026
Oct 0.928 *1.432 0.442 *1.215
Nov *1.297 *1.608  *1.090 *1.258
Dec *1.621 *1.602  *1.74B *1.047

* presumed transmission season

in the tables mentioned above, 1t
appears that some states and

divisions have two transmission
peaks.

Seasonal Pattern of Malaria <n
Myanmar

One of the factors which affects
transmission season {is ecological
changes brought about by develop-

mental activities which in turn lead
to changes in vector distribution and
vector bionomics especially longevity
and biting rates. These changes
together with various anti-malarial
measures carried out over the years
have sgignificant 1impact on the
transmission pattern of malaria. In
the early eighties, transmission
season of malaria wusually coincides
with the pre and post monsoon
seasons, In some areas of Rakhine
State, transmission is observed
throughout the vyear. Practically
speaking, transmission of malaria
occurg in most areas throughout the
year. But there 1is at least one
major transmission peak in every
state and division. At present, the
density of primary vectors of malaria
in Myanmar (An. minimus & 4n. dirus)
is closely associated with seasonal
pattern of  malarta and  hence




transmission season of malaria.
Manth 1984 1985 1986 1987 1988

Table 3. Example computation of seasonal

indices for Mon State Jan 0.947 1.130  1.101  0.932
Stide positivity rates for Mon State from 1984 Feb 0.782  0.757 1.344  0.852
to 1988 are as follows: Mar 0.745  0.627  1.099  1.150
Apr 0.622  0.555 (.934 1,128
$lide positivity rates % for Mon State, May 0.528 0.704 0.843 0.915
1984-1988 Jun 0.780 0.720 0.792 0.932
Jul 0.948  1.042  0.84%%  0.95%
Aug 1.077  1.078  0.79%  0.95%
Month — 2984 1985 1986 1987 1988 Sep  0.986 1,244 0.853 0,893
Jan 7,92 879 976 9.7 9.08 fct  0.898  1.398 1.707 1.07
Feb e 9.7 6.28  12.20 8.30 Nov 1.748 1,655 1,223 1.119
Mar  7.52  6.96  b.95  10.20  41.20 bec  1.635 1.281 1.237 .19
hpr 8.27  5.98 4,18 8.7%5  9.37
May 7.28 5.13 5.05 7.99 9.37 .
Jun 867 740 5.00  7.50  9.77 Computation
Jul 9.02 9.76 5.83 9.05 9.53
bug  10.40 1010  5.68  8.86 8.3 12 month centered MA _
Sep 9.61  11.50 6.50 8.19 8.75 : Z first two 12 month moving totals (for
Gt 8.65 12.70  8.89  §.b4  13.40 2 July)
Nov  16.50 14.90  10.20  10.60  14.20 = (228.19) /2%
fec  15.20  11.40  10.60 11,50 13.70 = §.5079
12 month moving totals of SPR for Man State Approximate SI (1984) July
July 1984 SPR
Month 1984 1985 1986 1987 1988 = {32 month centered MA for July)
= 9.02/9.5079
Jan 111.65 101.65 107.26 117.04 - 0.54B
fFeb 1M1.35 97,23 110,44 116.53
Mar 113.24F 92,23 112,13 117.09 LEGEND. MA = Moving average
Apr 1M7.29  88.42 112.68 121.05 -
May 115-69 83.72 113.08 12"*.65 Mean Ratios (MR)
Jun  @113.66 111.89 82.92 113.98 126.85
Jul  *114.53 112.86 82.86 113.36 Mean ratics = I (Ratios for the respective
Aug 117.18 141,87 88.78  109.46 moath)/# of months
Sep 11662 109.86  94.03 110.46 MR for July = (0.948 + 1.042 + 0.84%4 + 0.955)/
0ct  M5.33 108.06 98.60 112.91 Y= 0.947e
Nov  112.18 107.98 101.54 114,29 MR for Aug = (1.077 + 1.078 + 0.794 + 0.954)/
Dec  110.917 105.58 104.04 116.56 b = 0.976*
MR for Sep = {0.986 + 1.2kb + 0.853 + 0.893)/
First 12 month moving total for 1984 = b= 0,9k4*
1984 Jan $PR +——+ 1984 Dec PR
= (7,92 +----+ 15.2) = @113.66 Normalization Factor (NF)
Second 12 month moving total for 1984 = NF = 12/Csum of mean ratios)
1984 Feb SPR +--+ 1985 Jan SPR NF = 12/(1.028+0.934+0.905+~~-- +1.337) =
= (4,62 +=—--+ 8.79) = *114_53 .99742
Two twelve wmonth moving total = 113.66 -+ Final SI = Mean ratio for the month * NF
114,53 = 228.19 Final SI for July = Mean ratio for July * NFf
Approximate seasonal indices (SI) for  Monm = 0,947 * D.997k2
State. = 0,95003




Mean ratios, normalizing facter and seasona]
indices for Mon State.

Month Mean Ratic Norm. Factor 51
Jan 1.028 0.99742 1.605087
Feb 0.934 0.96742 0.936G4
Mar 0.905 0.99742 0. 90766
hpr 0.810 0.99742 N.81278
May 0.74% 0.99742 0.75124
Jun 0.806 0.99742 0.80848
Jul 0.9 7 0.99742 0.95003
Aug 0.970** 0.99742 0.99716
Sep 0.994* 0.99742 0.997156
Oct 1.104 0.99742 1.10772
Nov 1.436 0.99742 1.44031
Dec 1.337 0.99742 JLER0B0

Discussion in the Context of Spraying

In most of the states/divislons under
study, major transmission peak seems
to be in the last quarter of the
year. It may be due to sgpecific and
increasing problem of mobile popula-
tion engaged in forest-related
economy and gem mining. These people
acqguired malaria, transmitted by An.
dirus and return to their respective
townships whereby malaria is spread
by either An. minimus or local
vectors such as An. annularis, An.
maculatus or An. sundaicus, etc.
December enjoys_?he highest seasonal
indices in most of the cases.
Spraying activity was performed in
all these areas from February to May.
The main reason for conducting
spraying activity during this period
is because of favourable meterologi-
cal conditions and partly it might be
due to the then transmission season
(latter part of the seventies) when
spraying activity was initiated. Ax
the potency of DDT is wearing away
during the latter part of its action
span, it would result in more
beneficial outcome if spraying could
be performed during September and
October i.e., it can completely cover
the major transmission peak. Metero-
logical factors must be taken into

6

account in some areas from logistical
point of wview. The transmission and
accessibility status of an area are
alse relatively good during this
peried. The transmission season
determined by this methed could be
regarded asg relatively crude 1in
relation to immunological and wvector
studies. But in the context of the
country's situation, it can be
assumed as the most practicable
approach to give imnsight into the
appropriateness of spraying time. The
seasonal index computed above is for
the whole state/division. There
might be some variation if it |is
determined township-wise.

Actually, an iIncrease in slide
positivity may not necessarily
connote transmission season unless

the slides are examined immediately
after collection. Generally, the
siides are examined one to two weeks
after collection becuse these slides
have to be sent toc places where

laboratory facilities and micro-
scopists are available. But the
positive results are reglstered

according to the date of collecticn
rather than the date of examination.
Be that as it may, interpretation of
this parameter should always Dbe
guarded because there are multitude
of factors [5] which can modify the
results of blood slide examination.

The elucidation of transmission
season 1s not only for determination
of spraying time but also for
carrying out anti-malaria measures
such as active surveillance, case
treatment befere this period. These
can have dramatic influence on the
size of case reservoir leading to
reduction in transmission potential.
One of the advantages of this method
is that computation 1is vrelatively
simple and can be easily taught to
the peripheral staff so that s/he can
monitor the situation well ahead of
the crisis. In doing so, the staff
will also appreciate the importance



¢f cata and how useful information
can be derived from the data at hand.
This can enhance thelr positive
attitude toward timely and systematic
collection of data. A growing body
of experience has shown that, once
the health worker appreciates the
usefulness of the data that they are
collecting, it would pose no problem
as to the acquisition of '"quality"
data. In coming to grips with the
practical issues, a simple line graph

depicting the seagsonal indices can
greatly help in the conduct of
anti-malaria activities besides
preparing In advance the expected

increase in malaria situation in an
area. One can also know whether the
situation is actual increase or just
seasonal variation of malaria in an
area so that necessary activities can
be performed. To be more effective,
an area should be sprayed every 6
months as per the seasonal indices
mentioned in tables (1) & (2). But

in the context of the developing
country's scenario, it is far from
possible,

In conclusion, 1deally, in keeping
with the precepts of spraying, if one
could spray before the major malaria
transmission peak, 1t would exert
more beneficial effect on the
containment of malaria situation. The
importance of spraying time could not
be over emphasized. DDT spraying
should be planned on the basis of
ecological and epidemiological
stratification. The problem of
vector resistance, reduced bilological
efficacy of the sprayed surfaces,
reduced compliance by the community
of household spraying, etc. should be
conasidered 1in epray planning. In
essence, the above findings clearly
indicate that time of spraying should
be adjusted according to the

transmission season of the area
concerned. Asgsuming that the
logistice of spraying is going on

smoothly and proper training has been
given to the spray men, the only

thing that matters most is time of

spraying. If one can spray DDT at an
appropriate time, one is bound to
meet with success. It can therefore
be stated that current time of

spraying is inappropriate given the
fact that transmission peaks are in
the fourth quarters of every year in
almost all the areas under study. In
line with the current concept of
malaria control, it is not justified
to use major proportion of malaria
budget for spraying. Impregnated
{pyrethroid) bed nets and curtains
are better alternative to pDT
spraying. It 1is needless to
emphasize that integrated vector
control methods should be practiced
wherever feasible. Be that as it
may, township-wise in-depth analysis,
including vector bionomics, is
strongly recommended before radically
gwitching the spraying time 1in
respective areas.
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Haematological features of falciparum malaria patients

with anaemia at Mandalay General Hospital

*Htay-Myint, **Myint-Myint-Aye & ***Tin-Shwe

*Defence Services Hospital, Mingaladon
**Tnstitute of Medicine, Mandalay

***(C]linical Research Unit,
{(Cerebral and Complicated Malaria),
Department of Medical Research

Fifty falciparum malaria patients who attended consecutively to Mandalay General
Rospital for anaemia were studied. Of these, 26% had hoemoglobin less than 5 gm
%, 78% had hypochromic microcytic anaemia, 16% was found with hypochromic
normocytic anaemia and 6% showed normochronic nomocytic anaemia picture. They
all were free from G6PD deficiency, hookworm in stool, and their Coombs test
(direct and indirect) were negative.  Enlargement of liver and spleen was
recorded in 84% and 64% of patients respectively. Mean * SD serum bilirubin was
11.9 % 5.b umol/1. Patients with increased serum bilirubin was recorded in only
6% of the patients. Mean conjugated bilirubin level was 8.6 * 5.2 umol/4. There
was no predominance of conjugated bilirubin in patients with raised serum
bilirubin. There was no correlation betwsen parasite density and total serum
bilirubin or haemeglobin level of the blood, Mean reticulecyte count of the
patients was 1.71/cmm. Reticulocyte count above 2% was recorded in only 8% of
patients, The mean serum iron level was 83.75 * 20.7 ug/100 ml (82,7 ug/100 ml
for males and 85.5 ug/100 ml for females). The lowest serum iron level was 40
ug/100 ml. Bone marrow showed normoblastic picture in 62%, megaloblastic picture
in 8%, dimorphic (megaloblastic and normoblastic) in 8% and erythroid hyperplasia

in 22% of the patients.
reduced in 28% of cases.
this study.

Iron content in bone marrow was normal in 72% and
Bone marrow with no stainable iron was not recorded in
Blood transfusion may be the only immediate form of treatment of

patients with severe anzemia (PCV less than 29%) in case of emergency.

INTRODUCTION

Anaemia is an important complication
in patients with acute and chronic P.
falciparum malaris in endemic area;,
and it is a less serious problem 1in
other human malarias [1). As there
were very few clinical studies on
malaria with anaemia, a study was
therefore undertaken to determine the
haematological parameters of snaemia
falciparum malaria in-patients.

PATIENTS AND METHODS

Fifty adult patients with Plasmodium
falciparum malaria with anaemis (Hb
less than 13 gm % in males and less
than 12 gm % in females) who were
admitted to three medical units of
Mandalay General Hospital were
included in the study.

Patients with mixed infection,
cerebral signs and symptoms, bleeding
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pites, peptic ulcer, hook  worm
infestation and other  associated
chronic infections and children under
12 years of age were excluded from
the study.

Blood was taken from the patients
with anaemia to examine the follow-
ing:

(1) Thin blood film for the presence
of malaria parasites and thick
film for parasite density which
was graded as 1 to 4 + according
to Burce-Chwatt scale [2].

(2) Hb %, total and differential
count of WBC and reticulocyte
counts.

(3) Serum iron and bilirubin (total
and conijugated), G6PD and Coombs

test.
(4) Urine for urobilinogen and
haemoglobinuria.

In addition,
was taken from the posterier
crest of the patients to determine
bone marrow iron. Routine laboratory
methods as described by Dacie & Lewis
{31 were used for the tests at the
Haematclogy Department of the
Mandalay General Hospital.

bone marrow aspiration
iliac

RESULTS

Altogether, 50 patients with
Plasmodium falciparum infection with
anaemia were studied. Of these, 58%
were males and 42% were females.
Their ages ranged from 12 to &7 years
and the average age was 25.6 years.
26% of patients (24.2% of males and
28.6% of females) had haemoglobin
less than 5 gm 7. There was no
correlation between the parasite
density and haemoglobin level.

Most (86%) of the patlents showed
normal reticulocyte count and the
average count was 1.1% There was no
correlation between parasite density
and reticulocyte count. With respect
to anaemia 78% had hypochromic
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microcytic, 6% had  hypochromic
normocytic and 6% had normochromic
normocytic blood picture.

The mean * SD serum iron level was
83.7 t 20.7 ug/100 ml (82,7 ug/l00
ml for males and 85.5 ug/l100 ml for
females). The lowest serum iron
level was 40 ug/100 ml. There was
no correlation between the parasite
density and serum iron level.

The mean * SD serum bilirubin level
of the patients was 11.9 % 5.4

umel /1. There was no correlation
between the parasite density and
serum bilirubin level of the
patients. The mean conjugated serum
bilirubin of the ©patients was
B.6 t 5,2 umol/1 and only 6% of the

patients had increased serum
bilirubin above 21 umol/l.
72% of patients had normal iron

staining and 28% had reduced iron
staining in bone marrow. Patients
with total iron depletion in bone
marrow were not observed, Three
types of bone marrow films were
recorded. 62% had normal bone
marrow picture and normal myeloid
erythroid ratio, 22% showed
erythroid hyperplasia, 16%  had
megloblastic changes (8%  purely
megloblastic, 8% dimorphic).
Patients with bone marrow depletion
and dyserythropoiesis were not

cbserved. Malaria parasites were
detected in bone marrow of 12
patients (24%). Gametocytes were

present in bone marrow of &4 patients
(8%).

6% of patients had
analysis of thelr serum bilirubin
{direct and indirect), SGPT, urine
uribilinogen revealed the nature of

jaundice. The

jaundice as haemolytic with
essentially normal SGPT values.
All  the ©patients had no G6FD

deficiency and direct and indirect
Coombs Test were negatlve. B4%



showed enlargement of liver and 64%
had spleenic enlargement.

DISCUSSION

in this study, among the anaemic
patients, about a quarter of males
or females had severe anaemia of
less than 5 gm % In one study
carried out at Tharyarwady Civil
Hospital, 18% of the malaria
patients had PCV less than 20% on
admission. Hence, anaemia is a
common problem in falciparum malaria
cases,

In this study, 6% of patients had
evidence of haemolysis. Tin Shwe et
al [4) had also found low level of
serum hepatoglobin, patients with
ahepatoglobinemia was not observed
among malaria patients. In this
study, there was no correlation
among the haemoglobin level, serum
bilirubin and parasite load of the

patients. Most of the patients had
normal bone marrow picture. Among
the patients with raised serum

bilirubin, there was no predominance
of conjugated bilirubin. Hence the
mechanism of anaemia in malaria may
be multifactorial and not due to
haemolysis alone.

In this study, serum {iron was
reduced in 26% of patients. Such
reduction in the serum iron level is
common in patients with infections.

The finding of normal iron store in
bone marrow, among the 8 patients
with reduced serum iron level (less
than 80 ug) indicated that depletion
of iron store may not be the cause
of anaemia and iron supplementaticn
therapy may not be required for the
correction of anaemia in malaria
cases,

In normal subjects the reticulocyte
count varies from 0.2 to 2% In
haemolytic anaemia it usually ranges

from 5 to 20% but occaslonally rises
to much higher values, e.g. from 50
to 70% or even more {61, In this
study, the mean reticulocyte count
of the patients was 1.1% The
highest reticulocyte count recorded
was 6.8%  Hence there may be some
delay in formation of new RBCs from

.bone marrow.

In our other study, some of the
malaria patients had further
reduction in haemoglobin level after
the parasites had disappeared from
the circulation (1]. Red cell
survival studied carried out on
malaria patients a few days after
clearance of parasites from the
circulation showed gignificant
reduction in the life span of RBCs
[71.

Consideration of falciparum malaria
cases with microcytic hypochromic
anaemia with normal iron store and
low reticulocyte count, blood
transfusion may be the only answer
for the immediate management of such
cases.
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Plasmodium falciparum; merozoite invasion rate in

erythrocytes with B-thalassaemia trait and
glucose-6-phosphate dehydrogenase

deficient genes

Myat-Phone-Kyaw, Myint-Co & Kyin-Hla-Aye

Parasitology Research Division,
Department of Medical Research

The malaria parasite Invasion-erythrocyte membrane protein varistion hypothesis
was tested on red cells collected from subjects with G-6-P0 deficiency and
B-thalassaemia trait genes. A series of in vitro competition assays were carried
out by using serial dilution technique ang the FITC-labelling method [1]. The
results showed that the invasion rates of P. falciparum merozoites into two
G-6-PD hemizygotes deficient cell were 6aB- T00% of normal and Ga-Myanmar gsg of
normal. But in erythrocytes from two patients with double gene defects viz.
G-6-PD mild deficient gene 6eB- with B-thalassaemia trait gene was 25% and G-6-PQ
severely deficient gene Gg~MYanmer ith RB-thzlassaemia trait geme was 20%
susceptible to merozeite invasion, The invasion rate of malariz merczeites in
these cells could be inhibited by the partial loss of vital sttachement of the

red cell membrane required for the process of invasion.

INTRODUCTION
Recent pgogress 1in defining the
human erythrocyte receptors for

Plasmodium falciparum was reported
by Pasvol [2] who presented results
which suggested that two different
major erythrocyte membrane glyco-
proteins are involved in the
invasion by P. falciparum mero-
zoites. The gTyCOproteins involved
in 1invasion procesgs are o and
¥-glycophorins which binds non-
covalently to the main transmembrane
protein, band 3, a portion being
linked to the cytoskeletal web on
the cytoplasmic surface of the
erythrocyte by ankyrin (band 2.1).
Friedman et al. [3) and Okoye &
Bennet [4] also reported evidence
that the oligosacharide portion of
band 3 (erythroglycan) is a primary
Interaction site for P. falciparum
merozoites. - T

A few studies have been concerned
with invasion by malarial parasites
to red cells which have modified

cytoskeletons. These include
investigation of erythrocytes
lacking glycophorin or with

increased rigidity such as sickle
cells [5,6] cells from homozygous
hemoglobin € (7] and melanesian
ovalocytes [8,9] all of which
resistance to invasion by malarial
parasite.

[dentification of molecular
structure of membrane components and
cytoskeletal protein patterns of red
cells with various genetic defects
fa relation to malaria parasite
invasion should shed 1light on the
mode of attachments of malarial
merczoites to these abnormal
erythrocytes. We describe here a
preliminary study with two common
genetic defects of red cells G-6-PD
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deficiency and p-thalassaemia trait
genes which are highly prevalent in
Myanmar.

MATERIALS AND METHODS

Venous blood in ACD (Acid-Citrate-
dextrose, 1:4) was collected from
random subjects coming to (i) the
Blood Bank, Yangon General Hospital

and (i11) the Defense Services
General Hospital, Mingaladon., PIGPA
treatment (50 mm pyruvate, 50 mM

sodium chloride, 5 mM adenine) was
carried out with all red cells in
order to replenish ATP level [10].

Laboratory confirmation of the
presence  of thalassaemia trait
genes, G-6-PD deficlency and
haemoglobin variants was done

according to the standard methods
[11,12,13].

Cultivation, synchronization and
harvesting of P. falciparum isolates
(DMR/KHA-005) ~ late schlzonts was
carried out as described by Trager &
Jensen (141, Lumbres & Vanderberg
[15), and Dluzewski et al. [16]
using 78% Percoll with gradient
centrifugation at 1800 rpm Kg for 15
minutes. (Fig. 1) a photomicrograph
of harvested schizonts of P.
falciparum from continuous culture.

The game iscolate (DMR/KHA 009) was
used throughout the experiments. The
schizonts were well synchronized and
mature, contamination with red cells
was less than 5%,

Invasion assays were performed by
FITC (fluorescence isothiocynate)
labelling method of Lamont et al.
[1]. The serial dilution technique
used i8 outlined in flow chart given
in {(Fig. 2).

RESULTS
Gut of the 373 subjects screened, 18
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Harvested late schizonts forms of
Flasmodium falciparum isolate
(DMR/KHA-00%)

Fig. 7.

subjects with G-6-PD deficient (GdB-)
hemizygous gene, 16 subjects with
G-6-PD deficient (Gd-Myanmar )
hemizygous gene, 40 subjects with
B-thalassaemia trait and 20 subjects
with double pgene defects were
selected for the study.

Among the (20) double gene defected
subjects, 11 subjects were G-6-PD
deficient (GdBP-) themizygous gene
with A-thalassaemia trait gene, 9
subjects were (-6-PD deficient
cd-Myamnmar hepizypous gene with
B-thalassaemia trait pene,

The falciparum merozolte invasion
assays were carried out and
completed on (a) 12 subjects with
G-6-PD (GdB-), (b) 11 subjects with
G-6-PD (Gd-Myanmar) (c) 12 subjects
with PB-thalassaemia trait (d) 10
subjects with G-6-PD  (GdB®-) and
B-thalassaemia and {e¢) B8 subjects



Erythrocytes with knownabnormality Karmal ervtrrocvtes
- Wash with RPMIMGLD at 1,800 rpm
XG for 10 minutes

~ Remove WBCs by using PLASMAGEL or
PERCOLL

- Wash 3 times with RPMI1640 at 1,800 rpm
XG for 10 minutes

To each 0.5 ml of packed RBCs add 1 ml of Suspend in double volume

RPMIT640 containing & mg of FITC of complete medium {¥)
| .

Incubate at 37°C for 20 minutes

Wash 5 times with equal volume of RPMIT640
at 1,800 rpm XG for 10 minutes

Suspend the washed RBCs in double volume
of complete medium (X)

N T | ]
A B C D £
| I | | |
100 80 50 20 0 X: (%) RED CELL ABNORMAL GENE
0 20 50 80 100 ¥: (%) RED CELL NORMAL GENE
¥ \ J ¥ )
Mul MWul 10wl 10wl 90 ul MICROTITER PLATL
+ + + + +
200ul  200ui  200ul 200wl  200ul + Lomplete medium
+ + + + +

100ut 100wl 100wl  700ul  100ul + Schizont suspension

(1) Incubate overnight

{2) Take triplicate thin smears from each well

(3) Fix in methanol and stain with 0.2% Ethidium Bromide

(4) Count ring trophozoites in FITC labelled cells (103) and unlabelled ceils (103)

fig. 2. Plasmodium falciparum merczoites invasion assays {work plan)

with G-6-PD (Gd-Myanmar) and normal red cells.
B-thalassaemia genes.
But red c¢ells with double gene

Figure 3 represents the merozoite objects i,e. (both G-6-PD deficient
invasion rate of P. falciparum to and B-thalassaemia trait genes)
various types of erythrocytes. Both were not completely susceptible to
types of G-6-PD deficient red cell P. falciparum merozoites invasion.
(GdP~ and Gd-Myanmar) apd red cell Only (25%) invasion rate with GdB-
with PB-thalassaemis trait gene at as well as B-thalassaemia trait red
various dilution show 100%, 95% and cells and only 1/3 (20%) invasion
98% 1invasion rates compared to rate with Gd-Myammar ;5 yell as
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fFig., 3. Invasion  rates of
falciparum
genetically abnormal erythrocytes

Plasmodium

B-thalassaemia double gene defected
red cells were recorded at 100% of
abnormal red cells in culture.

DISCUSSION

An important phase in the prolifera-
tion of the malarial parasite is the
invasion of the red cell by the
merozeite  which leads to its
multiplication within the erythro-
cytes and the eventual rupture of
the cell and release of daughter
meroczoltes. The 1invesion of the
erythrocyte by the malarial parasite
invelves both interaction with an
erythrocyte surface recepter and the
disruption, or dissociation from
membrane of the erythrocyte

16

merozoites into

cytoskeleton {17/]. The importance
of the cytoskeleton in red cell
viability is emphasized by increa-
slng evidence that several types of
hemolytic anaemia {(which usually
involve mishapen erythrocytes) are
assoclated with different molecular

defects in the cvtoskeletal system
{18].

The specific defect nf the spectrin
molecule in heriditary spherocytosis
{HS), elliptocytosis (HE), and
pyropoikilocytosis (HPP) have long
been suspected and several reports
on spectrin abnormalities, particu-
larly in relation to heat stability
have heen reported [19]). The
membrane proteins of the G-6-PD
deficient red cells were first
analysed on S05-PAGE (Sodium dodecyl
sulphate Polyacrylamide gel electro-
phoresis) hy AFOLAYAN [20] and by
JOHNSON et al. |21}, who also found
that red cells with four different
variants associated with unusual
high molecular polypeptide aggre-
gates which consist of spectrin and
other protein but not globin.

It has been reported the membrane
proteing of G-6-PD deficient red
cells were normal, whereas membrane
proteins from red cells with double
gene defects were found to be
partially reduced in spectrin and
band 3, with a significant defi-
ciency of glycophorin A [22].

In our study, we found an evidence
of decreased invasion rates of P.
falciparum merozoites into abnormal
erythrocytes with double genetic
defects (either G-6-PD miid
deficient gene, GdP- or G-6-PD
severe deficient gene, Gd-Myanmar
with B-thalassaemia trailt genes). It
could be emphasized that the events

of the invasion process by P.
falciEarum merozoites 1intoe these
cells at the structural and

biochemical levels remalins to be



Wilson [23]
hypothetical
of red

which

elucidated.
postulated
scheme is the arrangements
cell membrane proteins
culminates in invasion.

In 1990,
that the

Therefore, our results reveals that
the attachment of P. falciparum
merozoites to red cells with double
gene defect could be interrupted by
the insufficient amount of vital
attachments on these erythrocyte
membranes.

However, it must be emphasized that
the conditions of in vitro cultiva-
tion can be no means be considered
physiological.. It is desirable to
carry out more extensive studies on
the relationship of red cell
disorders and severity of malaria
infection in hospltalized patients.
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A rapid diagnosis of malaria parasites by acridine

orange staining method
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The study was designed to find out the diagnostic value of Acridime orange
staining metiod in detection of malaria parasite (Plasmodium falciparum) 1in
comparisen with the conventional thick and thin blood films.  Thirty two P.

falciparum and two P. vivax malaria cases were included in the study and the
Thick blood film and acridise orange staining methods were found to be more
sensitive in detecting asexual and sexval parasites (gametocytes} than the thin
film. It needs 2-4 weeks time to train a technician to be able to detect the
parasites in thick and thin film methods, but acridine orange staining method can
he transferred within an hour. Apother advantage of acridine oranpe staining
method is the shortest examination time, lasting only 45 seconds whereas the
thick and thin blood films need 5 to 10 minutes. Hence, it is concluded that the
acridine orange stzining method is useful for quick diagnosis of malaria although

accessary equipment is required.

INTRODUCTION

Current malaria diagnosis is done by
microscopic reading of Glemsa
stained thick and thin smears. This
recuires trained techniclans who can
process about 40-60 samples a day.
The process 1s both time consuming
and variable with individual reader.

Though the DNA or RNA probe methods
allow batchwise sampling and analysis
eliminates many of the problems
associated with individual reader
bias., The methods are not feasible
for the field study.

A fluorochrome method is available
for the rapid detection of low
densities of malaria parasites 1in
peripheral blood films. This method
depends on the high-intensity
fluorescence of malaria parasites in

thick blood films stained with
acridine orange. This intensity
allows the use of low magnification
and permite rapid ecanning of large
areas. Specific diagnosis can be
confirmed by subsequent staining of
the @eame blood films with a
conventional Glemsa stain. The
study is to determine the appli-
cability and sensitivity of acridine
orange staining method in comparisen
with that of the standard thick and
thin blood film staining methods in
the identification of malaria
parasites.

PATIENTS AND METHODS
(a) Subjects and area of study

The malaria patients were selected
from clinically suspected cases of
malaria admitted to Defence Services
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General Hospital, Mingaladon.

(b) Preparation and staining of
blood films

Thick and thin blood films were made
from venous blood on the same
microscoplc glase slide (6 x 25 mm).
The films were stained with 10%
Glemsa solution.

{c) Microscopic  examination  of
malaria parasites

The parasites were examined under
paired x 10 oculars and an x 100 oil
immersion lens with evenly distri-
buted RBC (about 200 red blood cells
per thin field) and an area of WBC
7-10 per oil field was selected in
the thick films.

(d} Preparation and staining with
Acridine orange staining
solution

Acridine orange stock solution in
distilled water (10g/L) is allowed
to mature for 4 weeks before use.
250 ul of the stock solution was
then diluted with 10 ml of Soren-
sen's phosphate buffer solution (pH
6.4). The solution was then used
only for 2 or 3 days and discarded
after a week, After haemolising the
thick film in distilled water for 2
minutes, the slide was immersed in a
jar of acridine orange solution for
8-10 seconds. The slide was then
dipped briefly in two changes of
distilled water, left soaking in a
jar of distilled water {(or local tap
water) for 3 minutes, and covered
with a cover slip.

(e) Examination by
microgcope

fluorescence

An Olympus fluorescence microscope
Model BH was used with X10 wide
angle ocular lenses, achromatic X40
objective, a dark ground condenser
and mercury arc lamp using exciting
filter BGl? and barrier filter O
515.

20

(f) Calculation of conversion factor

{1) Thin film

Parasite counts in the thin films
have been expressed in terms of 1000
field examination.

The volume of 1000 fields of a thin
film as 25.45 mm (average thickness)
x 0.0025 mm? or 0.0636 mm3. To
convert an area count per 1000
fields of a thin film to a volume-
tric count per mm3, the count 1is
multiplied by 1/0.0636, 1i.e. by
15. 7.

(11) Thick film

Parasite counts in the series were
recorded per 100 fields of thick
film. The volume of 100 fields of
average thickness of a thick film is
2.545 x 0.63 mm (average thickness)
or 0.16 mm3.

To convert a count per 100 fields
into a count per mm3, the parasite
count was multiplied by 1/0.227,
i.e. by 4.4,

RESULTS AND DISCUSSION

The experiment was conducted on 56
clinically suspected malaria
patients. The efficacy of the three
methods ‘'of examination of parasite
was carried out on 34 malaria
positive cases (thick film 100
fields). The lowest number of slide
positivity (95,3%), species identi-
fication rate (90.6%) and gametocyte
tdentification rate (41.7%) were
noted in thin film method against
the other two methods (Fig. 1). The
result 1s comparable with that of a
study performed in Nigeria showing
that the thick blood {ilm method was
L4 times more gsensitive in
detecting trophozoites, and 8 times
more sensitive in detecting
gpametocytes of Plasmodium falciparum
than the thin film (Storey et al.,
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Fig. 1. Histograms showing comparative
efficiency of 1thin, thick and
acridine orange staining methods of
blood film examinations of positive
cases only

1973) (31,

Both the thick blood film examina-
tion method and the acridine orange
staining method, gave the identical
slide positivity rate of 100% and
the number of species identification
rate of 100% However the gameto-
cyte ldentification rate was higher
in the thick film method (100%) and
lower in the acridine crange
staining method (75%).

The comparison of thick and thin
film methods were carried out with
different level of parasitaemia
(counted by 100 fields thick film).
The thick film method was shown to

be more efficient in detecting low
level parasitaemia (less than 100
per 100 fields) than the thin film
(Table 1). However the thin film
method was found to be superior in
detecting high level parasitaemia
than the thick film. The corrected
parasite count was higher in the
thin film method. The corrected
parasite count for the thin films
was 1.7 times that for the thick
films (Table 1). Dowling & Shute
(1966) express that the corrected
parasite count for the thin film
series was, 2.5 times that for the
thick films [11.

The relationship of the total slide
positivity rates of the thick film
and acridine orange staining methods
of blood film were shown in Fig. 2.
According to Spearman's Rank Sum
Correlation Test, they are signi-
ficantly correlated, which indicates
that the acridine orange staining
method is as reliable as the thick
blood film examination method for
the diagnosis of malaria.

The thick smear contains 20 times
the amount of bleod than the thin
smear, €90 one can examine more
volume of blood at the same time.
The results of the present investi-

gation suggested that a high
proportion of parasites (39.76%)
were lost during staining. In a

heavy infection this parasites loss
is of little importance, but in case
of low parasitaemia, the loss could
be of greater significance.

Dowling and Shute (1966) also showed
the corrected counts of 65% loss of
parasites in the thick film as
compared with the corresponding thin
fiim, which occured during the
dehaemoglobinization and staining
process. It is found that acridine
orange staining method and thick
film wmethod are more sensitive in
identification of gametocytes than
the thin film examination method.
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Table 1. Comparison of corrected total parasite counts in 34 positive thick and thin films,
showing variation with degree of parasitaemia

Observed No. Corrected parasite Ratio of average
: . Type of No. .
Degree of parasitaemia film  Examined of parasite count
per film count per mm (thin : thick)
Low (less than 100 per  Thick 5 65 286 0
400 fields of thick Thin 5 0 0
film)
Medivm (100-999 per Thick b 329.17 448,35 2.09
100 fields of thick Thin ] 193.33 3035.33 :
film)
Heavy (1000-9999 per Thick 16 3714.38 16343.27 2.3
100 fields of thick Thin 16 2397.5 37640.75 )
film)
Very heavy (10000 & Thick 7 24957 .74 109811.42 1.43
over per 100 fields Thin 7 10005.71 157089.71 :
of thick film)
Total (all classes Thick 3h $948.97 30575.47 1.7
of parasitaemia) Thin 34 3230.59 50720.26 )

per 100 fields for thick film and per 1000 field for thin film

This may be due to lower density of microscope and the presence of
gametocytes in the blood. Acridine fluorescing artefacts are the two
orange stalning method {s more rapid disadvantages.

in detection of malaria parasites
than routine examination of thick

and thin blood films. According to The three different methods showed
Sodeman & Jeffery (1968) the no gignificant differences in
fluorochrome stain method is more sensitivity of diasgnosis of malaria
efficient 1in evaluation of the parasites, However time consumption
malaria control programmes and 1is 1s lowest with acridine orange
useful in identifying malaria staining method and highest with the
carriers among blood donors [2]. thin blood film examination method.

Therefore the acridine orange
The advantages of acridine orange staining methed 18 useful for
stalning method include less detection of malaria parasite 1in
examination time (i.e. 45 seconds) urgent situation for treatment of
because the fluorescent intensity malaria patients. Hence, the
sllows the use of low magnification acridine orange staining method can
and permit rapld scanning of large be a life saving procedure for a
areas and need only short training. malaria patient who suffered from
The requirement of & fluorescence severe complications of malarig.
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[Speorman's rank sum correlation test value r.=0.8309
signiticant at 5% leve! {5%=0.361)}
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fig.2.The relationship between rank order for parasite count per mm of thick film examination
method and acridine orange staining method
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Study of inhibitory effects of some traditional medicine

formulations on adrenaline-induced hyperglycaemia

in animal models

Aye~Than, Tin-Myint, Mu-Mu-Sein-Myint, Win-Myint & Mya-Bwin
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Department of Medical Research

Traditional medicine formulations TMF-27, TMF-28 and TMF-32 have bheen used
traditionally to treat diabetes in Myanmar. Blood glucese levels of adrenaline-
induced diabetic rabbits were determined after oral administration of maximum dose
of the traditional medicine formulations TMF-27, TMF-28 and TMF-32 and their
watery extracts respectively. from the data obtained, it was concluded that the
oral administration of 1.6 g/kg of TMFs did not produce inhibition of hypergly-

caemic effect in rabbits. Only the water soluble extract of IMF-32 inhibited the
hyperglycaemic blood glucose level on adrenaline-diabetic rabbits (p<0.05) and

rats {p<0.05).

INTRODUCTION

Traditional medicine formulations
have been used for the treatment of
diabetes, yet the scientific data
seems to be lacking to support its
value in the disease.

Farnsworth [1] stated that "One of
the prerequisite for the success of
primary health care is the avail-
ability and use of suitable drugs.
Plants have =always been a common
source of medicaments elther in the
form of traditional preparations or
as pure active principles'. Many
plants have been used throughout the
world for the treatment of diabetes
mellitus.

Mya-Bwin & Sein-Gwan [2] and Oliver
[3] mentioned a large member of
herbal drugs which are reputed for
the treatment of diabetes mellitus.

Myanmar 1s rich in plants many of
which are of medicinal values. A
search for effective treatment of
this common disease by products of

indigenous plants or traditional
medicine formulations has been
desirable, both from an academic as
well as an economic point of view,
in consideration of availability and
accessibility of drugs locally,
But, so far, there has not been full
and systematic explolitation of these
natural resources with regard to
hypoglycaemic effect. Thus, in this
investigations are presented the
hypoglycaemic effects of watery
extract of the traditional medicine
formulations such as TMF-27, TMF-28
eand TMF-32 which were claimed to
have therapeutic values in the
treatment of diabetes.

MATERIALS AND METHODS
(a) Preparation of the extract

Crude watery extracts were prepared
by refluxing 100 g of each TMF
powder in a round bottomed flask on
a boiling water bath using 400 ml of
water for 12 hours. It was centri-
fuged and the filtrate was evapo-
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rated to dryness on a boiling water
bath. The extract obtained was
suspended in 1% methyl cellulose
before administration to respective
animals.

(Fh Inmkilitory effect of TMFs and
TMFs watery extractson edrema-
line—induced hyperglycaemia 1in
rabbits and rats

Adult healthy rabbits of JB strain
welghing 2.33 t 0.12 kg were used in
these experiments. A group of
rabbits were made diabetic by
injecting them subcutanecusly with
10 mg/kg of adrenaline tartrate
using the method of Gupta, Verma,
Garg & Mahesh Rai [4]. The rabbits
were  randomly divided 1into 8
ditferent groups of 3 animals each.
They were fasted overnight, at which
time (0 hr) blood samples taken from
the marginal ear-vein and depro-
teinized in trichlorocacetic acid to
prevent glycolysis. It was then
immediately followed by the oral
administration of either the test
drug or tolbutamide or the placebo.
Group I served as an untreated
control as they received orally 10
ml of vehicle only. The animals of
group LI - IV were treated orally
with 1.6 g/kg body weight of TMFs
powders suspended in 10 ml of 1%
methyl cellulose. The animals of
groups V - VII received 2.3 g of the
watery extractsof the TMFs equiva-
lent to 6.4 g/kg body weight of the
powdersorally. The amount of TMFs
or their aqueous extracts required
for each rabbit was calculated on
body weight basis and that amount of
drug was weighed, well triturated
with vehicle and then administered
orally to each animal by wusing a
feeding nalgene tube. Group VIII
was treated with 120 mg/kg of
tolbutamide in 1% methyl cellulose.
After drug administration, serial
blood samples were taken at 1,2 and
4 hr respectively. Blood glucose
levels of the samples were deter-

26

mined by the published o-toluidine
method [5].

A crosgs-over test between the groups
was repeated after one week's
interval of rest. Time-course
effect of the test drugs were
compared to that of the classical
drug tolbutamide, and the hypogly-
caemic activity analysed statis-
tically.

A similar investigation using
adrenaline-induced hyperglycaemia
was also conducted on adult male
albino-rats weighing 245 £ 3.7 B
The only difference was that the
experiment was carried out only with
watery extract of TMF-32 and
standard drug, tolbutamide. The
blood glucose levels of the samples
were determined as previously
degcribed method.

RESULTS

Effect of TMFs powder and watery
extracts on blood glucose levels of
diabetic rabbits and rats

The injection of adrenaline signi-
ficantly induced hyperglycaemia
(p<0.005) in the rabbits reaching
its maximum in 1-2 hr. The standard
test-agent tolbutamide significantly
inhibited the blooed glucose level
when comparison was made between the
test and control groups at 4 hr
(p< 0. 005). Administration of 1.6
g/kg of TMFs powders produced a
non-significant inhibition in blood
glucose throughout the 4 hr trial
period when compared with that of
the control group. However, rabbits
treated with 2.3 g/kpg of TMF-32
watery extract which was equivalent
to 6.4 g/kg of TMF powder showed
significant {p<0.05) inhibition at 2
hr as shown in Fig. I[. The plant
ingredients contained in TMF-32 were
listed as shown in Table 1. Simi-
larly, the standard positive control
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Fig. 1. Time course of the effects of TMFs watery extracts and standard drug on adrenaline-

induced hyperglycemic rabbit model.

tach point represents the mean of observations and vertical bar indicates standard

error of the mean.
the test drugs respectively.

* denotes p<0.05
** denotes p<0.005

tolbutamide significantly inhibited
the blood glucose level in rats at 2
hr (p<0.025) and 4 hr (p<0.005) as
shown in Fig. 2. Moreover, 2.3 g/kg
of TMF-32 watery extract equivalent
to 6.4 g/kg of TMF powder also
produced significant inhibition in
hPlood glucose level at 2 hr
(p<0,05).

The groups tested were .~., placebo, (methyl cellulose) and

-1

DISCUSSION
In the present investigation, one
dose of each TMF powder and TMF

watery extract on blood sugar were
assayed against the hyperglycemic
response of adrenaline in rabbits
and rats. Analysis of the data
presented in the figures revealed
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Tahle 1. Ingredients of [MF-32 (Nandwin hsabut hsay gyee)

Description of item

Scientific name Family Myanrmar name  Part used Amgunt in %
1. Valeriara wallichii DC. Valerianaceae Kantbalu Rhi zome LI
2. Kaempferia sp. Iingiberaceae Pan-oot Rhizome .2
3. Allium cepa Linn. Liltaceae Kyetthunni Rhizome b.2
4. Colocasia antiquorum Schott. Araceae Peinmahawyar  Rhizome .2
5. Gloriosa superba Linn. Liliaceae Hsinmeedauvk Rhizome 4,2
6, Allium sativum Linn. Liliacese Kyetthunbyu Rhizome k.2
7. Polianthus tuberosa Linn. Amaryllidaceae Hninpan Rhizome 4.2
8. Dioscorea sp. Dioscoreaceae  Kyway Rhizome k.2
9. Cyperus sp. Cypececeae Myatmonhnyin  Rhizome k.2
10, Curcuma longa Linn. lingiberaceae  Nanwin Rhizome b2
11. Unidentified Tawkhatta Rhizame 4.2
12. Amorphophallus campanulatus
Blume Araceae Wa Rhizome 4.2
13, Crinem asiaticum Linn. Amaryllidaceae Koyankyee Rhizome h.2
14, Antidesmz sp. Euphorbiaceae  Kinpalin Root 4.2
15. Datura fastuosa Linn, Sclanaceae Padaingnet Root b2
16. Unidentified dyatnet Root k.2
17. Acacla farnesiana Willd. Mimosaceae Nanlonkyaing  Root 5.2
18. Umblica officinale Gaertn. Fuphorbiaceae  Zibyu Root 4.2
19. Unidentified Compositae Pannyo Leaf 4.2
20. Pogostemon patchouli Pell. Labiatze Thanatpyitsee Leaf 4.2
21. tnidentified Yaungbyuhsay  Leaf L.z
22, Calcium oxide Maphaukhton 4.2
23. Antiaris toxicaria (Pers)
Lesch. Moraceae Hmyaseik Latex _ k.2
24, Moschus moschiferus Linn. Cervidae Kadoe Dried secretion frem 4.2

the preputial
follicles of the
musk deer

San-Khin [9], Hundley and Chit-Ko-Ko [10]
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Fig. 2. {ime course of the TMF-32 watery
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extract and standard drug on
adrenaline-induced hyperglycemia rat
model .

Each point represents the mean of
observations and  vertical  bar
indicates the standard error of the
mean. The groups tested were o-w,
placebo; x-x, TMF-3Z watery extract
and a--4, tolbutamide respectively.
*denotes p<0.05
**denctes p<0.025; p<0.005



that in the control animal, the dose
of adrenaline caused increase in
blood sugar to the extent of 57 and
60 mg% respectively. These hyper-
glycemic response of adrenaline were
found to be quite significant
(p<0.005) in both the animals

tested, Statistical analysis of the
data revealed that tolbutamide
caused a remarkable significant

inhibition (p<0.025) of the hyper-
glycemic response to the induction
of adrenaline. Moreover, the
inhibition of the  Thyperglycemic
response of TMF-32 watery extract
was comparable with that of tolbu-
tamide. With the extract, the peak
of action is at 2 hr (p<0.05) in
both the animals tested.

Normally, only crude powders are
being wused for diabetic patients
with the dosage of 40 mg/kg. The
dose tested in animals models were
forty times that of the human dose
which was 1.6 g/kg. The maximum
feasible dose tested, showed only a
slight lowering of blood sugar level
when compared with that of the
control group. Repeated administra-
tion of the above dosage was
impossible due to a large amount of
suspension. In order to obtain a
significant hypoglycaemic effect,
the four folds of the 1.6 g/kg was
extracted with water. The water
soluble extract obtained from 6.4
g/kg of powder was administered
orally. By administering the water
soluble extract which was 1.4 fold
greater than that of the powder
showed a significant lowering of
blood sugar level in the animals
tested. It showed that the watery
extract was more potent than that of
the TMF powder.

Hyperglycaemia due to adrenaline is
known to be effected partly through
release of adreno-corticoids as
stated by Gupta et al. [6], and
partly through stimulation of the
adreno-hypoglyseal axis as stated by

Voght [7]. Thus, the action of
TMF-32 may probably be effective
through either direct glycogenolysis
or indirectly through action on the
adrenocortfico-hypoglyseal axis by
inhibiting the gluconeogenesis. The
exact mechanism of action still need
to be further investigated. Tolbu-
tamide has onset of action at 3 to 5
hours and duration of action 6-12
hours as stated by Karam [8].
Therefore, with regard to efficacy
and duration of action the TMF-32
extract 1s not superior to tolbu-
tamide.
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Decontamination of vegetables by washing with

natural water

*Khin-Nwe-0o, **Aung-Myo-Han & *Tin-Aye

*Bacteriology Research Division and
**Epidemioclogy Research Division,
Department of Medical Research

In Myanmar raw_vegetables are usually consumed after washing with water. The
purpose of this study is to determine the degree of decentamination of these
vegetables after washing with different types of natural water. The samples of
the vegetables from a local market in Yangon were collected and faecal celiforms
(FC) were isolated from them ﬂsing stardard methods. FC counts ranged from 2.1 x
102 to 1.1 x 105/gm of vegetables. . The fC isolation rate was recduced by 1 log
only after they were washed cnce with uncontaminated tap water (FCC = 0 MPN/100
ml). But, FC isclation rate of the coriander increased after washing with the
contaminated posd and river water. However, a significant reduction could be
achieved after washing 3 times with uncontaminated tap water without washing

hands and utensils with soap and respective water. But after hands and utensils

were washed properly, the isglaticn

rate from vegetables was significantly

reduced after washing twice. The use of contaminated water was not effective in

decontaminating them,

INTRODUCTION

People in Myammar usually eat
certaln raw vegetables {Toe-sa-ya)
with salted fish paste (ngapi).
These vegetables are often contami-
nated from the water used for
watering/irrigation, from manure or
from their handlers. The wusual
method of rinsing them in natural
water before consumption is probably
not effective in decontaminating
them. The present report is on the
study carried out to determine the
degree of decontamination of these
vegetables after  washing with
different types of natural water.

MATERTALS AND METHODS

Vegetable esamples were collected
during March 1989 to February 1990
from & small market 1in Hlaing

Township in Yangon. There were
shops selling vegetables such as
coriander, green <chilli, salad,
leaves of lemen, leek, wmorning
glery, cabbage, legume, mimosa and
putinand. The samples were bought
randomly in sterile plastic bags
from each of the above vendors. A
similar collection was repeated on
the same day each month from the
same vendors. They were collected
in the morning and transported to
the laboratory for bacteriological
processing on the same day.

Twenty five grams of vegetable
sample was weighed and 10% suspen-
sion was made by using 225 ml of %
strength Ringer's soluticn. Another
25 gms of vegetable was washed only
once with a measured volume of tap
water to obtain a weight{volume
ratio of 1:20 and then 10% suspen-
sion was made. The faecal coliform
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counts {FCC) of the suspensions were
determined by International Commis-
sion on Microbiologlical Specifica-
tions for Foods method [1].

FCC was done on 10% suspension of
coriander after washing only once
with ditferent types of natural
water (amount of water in washing =
wiv - 1:20). it was also done on
10%  suspensions of coriander and
morning glory after washing twice
and 3 times with natural water
{amount of water in washing = w/v -
200, In all the above experi-
ments, hands and using bowl were not
washed with scap and respective
water,

lands were washed with scap and
respective water using the modified
wmethod {2]. The bow] which was used
tor washing wvegetables was also
washed properly with socap and
respective water. 25 gms of
coriander and morning glory were
washed twice and 3 times with
respective water in this bowl with
ilioroughly washed hands, then 10%

uapensions were made and FCC was
~etermined (amount of water in
~aghing = w/v - 1:20).

The statistical significance test of
differences in FC counts by washing
were done using the median test [3]
which shows if 2 independent groups
differ in central tendencies. This
non-parametric test was used because
of marked deviations in the FC count
data.

RESULTS

All the raw vegetables tested were
contaminated and their mediean FCC
ranged from 2.1 x 102 to 1.1 x
lOSIgm. FCC decreased only 1 log
after they were washed (once) with
the tap water having a median FCC of
O MPN (Most Probably Number)/100 ml
(Table 1). The isolation of FCC
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Table 1. Isolation of faecal colifarms (fC)
(Most prabable number: MPN/gm) from
vegetables before and after washing
(orly once) with tap water, Yangon,

1489-90
Median FC count
fype of

vegetables befare washing after washing
Coriander 1.1 x 109 2.h x 104
Green chilli 1.6 x 105 0.7 x 10t
Salad 1.1 x 104 2.4 x 103
Leaves of leman 0.6 x 104 2.1 x 103
Leek 1.7 % 103 0.9 x 103
Morning glory 1.3 x 107 3.5 x 102
Cabbage 0.8 x 103 1.2 x 102
Legume 0.7 x 107 1.3 x 10¢
Mimosa 7.4 x 102 1.2 x 102
Putinand 2.7 x 102 43

edian of 6 days results of each vegetable
FCC of tap water = 0 MPN/100 ml

Table 2. Isolation of faecal coliforms (FC)
{most probable number: MPN/gm) from
vegetable-coriander  hefore  and
after washing C(only once) with
natural water, Yangon, 1989-90

Median FC count

Type of .
nateral Coriander (MPN/gqm)
water Water

(MPN/100 ml) hefore after

washing washing

fap 0 1.1 x 103 0.9 x 102
Well 0.2 x 102 0.2 x 10% 1.5 x 103
Pond 2.4 x 100 0.4 x 103 1.1 x 103
River 2.4 x 105 0.9 « 103 2.4 x 103
TMedian of 6 days results
from coriander before and after

washing (once) with natural water is
shown in Table 2. FC isolation rate
increased when it was washed with
pond and river water. But these
difference in FC counts from



Table 3. Isolation of faecal coliforms (FC)} (Most probable number: MPN/gm) from vegetables
coriander and morning glory before and after washing with natural water, Yangon,
1983-90
Median FC count
Type of
patural Water Coriander (MPN/gm) Morning glory (MPN/gm)
water
(HP/100 ul) Raw y3 3wy Raw 2y3 DD
fap 0 1.2 x 103 23 0 0.4 x 103 0 0
Well 15 2.4 x 10 93 43 0.9 x 102 0.5 x 103 9
Pond 2.6 x 102 1.9 x 103 93 43 1.5 x 102 1.5 x 103 43
River 2.6 x 103 3.1 x 108 1.1 x 103 2.4 x 102 0.6 x 10° 0.4 x 10 0.2 x 103

1 Median of & days resulis
2 Washing 3 times with respective water only

3. Weshing 2 times and washing hands and utensils with soap and respective water

coriander before and after washing
were not statistically significant.
The 1isolation of FCC from vege-
tables-coriander and morning glory
before and after washing 3 times
with natural water is given in Table
3. The 1isplation rates were
significantly reduced after washing
3 times with tap water (FCC = 0
MPN/100 ml) without washing hands
and utensils. But after hands and
utensils were washed properly, the
isolation rate from vegetables was
significantly reduced after washing
twice. However, the decontamination
of these vegetables with well, pond
and river water was not as effective
ag the tap water. The difference in
FC counts from coriander and morning
glory before and after washing with
natural water were not statistically
significant.

DISCUSSION

On the unwashed surfaces of tomatoes,
FC counts as high as 5 x 103/aq cm
have been recorded and on washed
tomatoes, the FC counts vary between
4-7 x lOQ/sq cm [4], The results of
the present study are similar and

our findings show that there 1s only
1 log difference between washed (one
time) and unwashed vegetables, using
the tap water,

A study in Lebanon evaluates the
effectiveness of reducing contamina-
tion of fruits and vegetables by
washing. In general, washing is not
effective in reducing the number of
samples positive for various
bacteria, including E. coli. For
instance, 50% of washed lettuce
samples but only 29% of unwashed
samples were positive for E. coli.
Vegetables were washed using tap
water, but the tap water had not
been tested for the presence of E.
coli [5]. We also found that FCC
was not reduced when the coriander
was washed with contaminated well,
pond and river water.

Contamination of hands with patho-
genic agents of diarrhoea have been
documented [6]. However, thorough
hand washing with soap and water 1is
found to be effective in decontami-
nating the hands [7]. Efforts to
promote hand washing and cleaning of
utensils may result in reduced
contamination [8].
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We found that raw vegetables can
only be decontaminated after washing
3 times with the tap water. It is
of the utmost importance that such
vegetables be well washed before
consumption. We high-light the
importance of washing hands and
utensils also in decontamination of
raw vegetables and also the signi-
ficance of the water guality and
guantity for improving the domestic
hygiene in developing countries.
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Purification of [scherichia celi heat labile toxin (LT) was done from 9 litres of
cultvre. Tre cells were suspended in 0.01M Tris (hydroxymethyl) amino-methane
(Tris)-hydrocnloride tuffer (pH 8.6) containing 0.9 percent sodium chloride. The
suspensisn was sunicated. The supsrnatant was then treated with ammonium
sulphate and disoived in TLAN buffer and dialysed. This crude LT was then passed
through ASM Biugel ano wys collected by D-galactose and concentrated to about 3
ml. 1t was thea pussed rhrough Sephacryl $-200 column and again concentrated by
Amicon PM 10 membranc and used as purified LT. Separation of subunits were
carried out by using &M urea solution in 0.1M propionic acid {pH 4.0). Every
steps of fractions were checked by Ouchterlony double gel diffusion test using
anti choiers sera anc by CHO cell assay. Protein assay was done and specificity
of the arotein was alse checked by SOS polyacrylamide slab gel electrophoresis.

INTRODUCTION
The immunological and

which the A subunits are derived.
biological

The two virulence factors namely (a)
the ability to colonize the small
intestine and (b) the production of
enterotoxin give the pathogenicity
of Escherichia coli to cause acute
diarrhoea. It was shown that the
heat labile enterotoxin known as LT
produced by certain strains of E.
coli 1s a protein remarkebly like
cholera toxin [1,2,3]. It contains
several B subunits of 11,780

molecular weight [4] and A subunit,

estimated as 25,500 {5] to 30,000
[6] molecular weight. Its subunit
number and arrangement was shown by
Gill et al., 1981 [/,
toxins between subunits of E. coli

heat labile enterotoxin and those of

cholera toxin (CT) was performed by
Takeda [8] and demonstrated that the
hybrid toxin show a similar toxicity
‘to that of the parent ‘toxins from

The hybrid

similarities of LT:and CT were also
well established [9-19].

MATERIALS AND METHODS

Bacterial strain and culture of
cells : '
Escherichia - coli WI165-1/82 from
acute diarrhoea case from hospital,
Yangon was cultured in 9 litres of
Casamino Yeast Extract (CAYE) medium -
with vigorous ’shaking ' (Takasaki
shaker, 280 rpr/min.) at 37°C for

overnight.  CAYE media contained 2
percent ~Casamino  acids (Difco.
Laboratories); .0.6 percent yeast

extract (Difco); 0.25 percent sodium
chloride; 0.871.percent dipotassium
hydrogen phosphate; 0,25
glucose and 0.1 percent' (v/v) trace
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salt solution (5 percent MgSOy, 0.5
percent MnCly, 0.5 percent FeClj and
0. 001 percent H504). The medium
was supplemented with 90 wug of
lincomycin hydrochloride per ml of
media (UpJohn Ltd., Tokyo) to
enhance the synthesis of LT [16].

Preparation of crude E. coli heat
tabile toxin (LT)

Crude LT was prepared from whole
cell lysate as it is the richest
source of LT as noted by Clements &
Finkelstein, 1978 [9]. Approximately
9 litres of bacterial culture was
centrifuged at 10,000 rpm for 20
minutes at 4C and pelleted cells
were suspended In approximately 300
ml of 0.0IM Tris (hydroxymethyl)

aminomethane (Tris)-hydrochloride
buffer (pH 8.6) containing 0.9
percent NaCl. The suspension was

gonicated in an ultrasonic disrupter
gsonicator (Model! UK-200P Tomy) for 5
minutes on ice. The sonicated
suspension was spinned at 15,000 rpm
for 30 minutes and the supernate was
then spinned for 20,000 rpm for 5
hours. The supernatant was then
collected and solid ammonium
sulphate was added to give 65
percent saturation. The precipitate
was collected by spinming at 10,000
rpm for 30 minutes and suspended in
about 200 ml of 0.03M Tris-HC1
buffer pH 7.4, containing 1 mM
ethylenediaminetetraacetic acid 3 mM
sodium azide and 0.2  sodium
chloride (TEAN buffer). It was then
dialyzed twice against 2 litres of
TEAN buffer for about 4 hours and
used as crude LT preparation.

Purification of E. colt heat labile
toxrin (LT)

LT was purified partially by passing
200 ml of ecrude LT to a BioGel A 5M
columt {90 x 200 mm) equilibrated
with TEAN buffer. The column was
washed with 400 ml of TEAN buffer
and LT was then eluted with 400 ml
of 0.3M D-galactose solution in TEAN
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buffer [1]. Fractions containing LT
was assayed by Ouchterlony double
gel diffusion test with anti-
purified cholera toxin antisera
(prepared at DMR by immunization
rabbits with pure cholera choletox
toxin purchased from the Chemo-Sero-
Therapeutic Research Institute);
were collected and concentrated to
about 3 ml by Amicen PM 10 membrane
filtration (Amicon Corp., Lexington,
Mass. ). The preparation was then
applied to a Sephacryl 5 200 column
(90 x 200 mm) equilibrated with TEAN
buffer., The column was eluted with
the same buffer and the fractions
containing LT were collected,
concentrated by Amicon PM 10
membrane filtration and used as
purified LT,

Separation of A and B subunits

15 mg of LT toxin in 5 ml of TEAN
was dlalysed against 200 ml of 6M
urea solution in 0. 1M propionic acid
pH 4.0 for about 16 hr and then
against 200 ml of the same solution
for & hr. Spectra/por6 membrane
tubing, which cuts off molecules
with molecular weights of less than
1,000 was used for dialysis. The
dialysed preparation was applied to
a Sephadex G-75 columm (100 x 2.5
em) equilibrated with 6M urea
solution in 1.0M proponic acid (pH
4.0), and material was eluted with
the same solution [20].

Specificity of enterctoxigenic
Egeherichia coli (ETEC) toxin

The specificity of the proteins was
checked by Ouchterlony double gel
diffusion test [21]. The sensitivity
was checked by Chinese Hamster ovary
cell assay as according to the
method of Guerrant et al., 1974 [22]
and modified by Hoﬁaé_EE al., 1976
[23]. The protein amount was
assayed by the method of Lowry et
al., 1951 [24]. The specificity of
the proteins was then checked by
gradient SDS polyacrylamide slab gel



electrophoresis as the method of
Laemml{i, 1970 [25].

Preparation of anticholera sera

anti-CT was prepared by the method
described by Hamashima, 1976 [26].
After obtaining anti CT, the
fractions of LT were checked by
Ouchterlony double gel diffusion
test. The titre of the antisera was
checked and determined as described
by Honda et al., 1981 [27]. The
sensitivity—-aﬁ specificity of the
antlisera were checked by Ouchterlony
double gel diffusion test [25] and
immunoelectrophoresis by Hamashima
1976 [26].

Immunoaffinity column chromatography

It was carried out [16] as 1 gram
amount of cyanogen bromide activated
Sepharose &4 B (Pharmacia) was
coupled with 7 mg of the purified
antigen. Antisera was applied to a
column and the immunoglobulin bound
to the column was then eluted with

0.2M glycine-hydrochloride buffer
(pH 2.7) containing 0.5M sodium
chloride. After recavery of

specific antisera, pH was readjusted
to about (7.20) as soon as possible,
Neutralizing test using antisera in
CHC cells with specific antigens was
also done to know the specificity
and sensitivity of the antisera and
antigen.

RESULTS

Figure 1 shows the production of
purified LT after passing through
Blogel AS5M column. The small
fraction so obtained was collected
and checked for its specificity and
sensitivity by Ouchterlony and cell
assay. It was then passed through
Sephacryl S 200 column.

Figure 2 shows the precipitin ltine
obtained by testing the fractions
with anti cholera toxin. Three

preparation of pure LT were intro-
duced and compared with CT and found
that they shared a common antigen
but that each also has a wunique
antigen. CT and LT were anti-
genically related but not identical.
The patterns might indicate the
presence of multispecific antigen in
one of the reactants compared.

Figure 3 shows the SDS gradient gel
electrophoresis in comparison with
cholera toxin. It was found that
the molecular weight of subunits A
and B of LT Possess 31 k and 11 k
respectively.

DISCUSSICN

The heat labile enterotoxin (LT) of
E. coli, like cholera toxin (CT} of
Y., cholera, stimulates the produc-
tion of cAMP in intestinal mucosal
cells by ADP-ribosylating the 45-kDA
GSe  component of the stimulatory
regulatory subunit of the adenylate
cyclase regulation system [28,29].
This results in a loss of water and
electrolyte from the cells [30,31].

LT resembles CT not only func-
tionally, but structurally and
immunolegically as well [6,7,9,32,
33]. Both toxins contain dissimilar
subunit, A and B, probably present
in the holotoxin in a ratio of 1A to
58 [3,33]. The B subunits are
responsible for the binding of the
toxin to its target cells via Gm

ganglioside [29] while the A subuni%
bears the enzymatic (toxic)
activity.

In spite of the high B and A subunit
ratio, both CT and LT are translated
from single polycistronic messengers
coding for one A subunit, followed
downstream by one B subunit [4,
34-36]. Nucleotide sequences of
their respective genes predict that
both LT and in CT, the A and the B
subunits are synthesized as precur-
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Fig. 1. Purification of E. coli heat labile esterotoxin after passing through the Biogel ASM
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Fig. 2. Ouchterlony double gel diffusion
showing the precipitis lines by
testing LT antigen, €1 antigen with
anti-cholera toxin

sor proteins with signal sequences
of 18 aminoacids for the A subunit
and 21 amino acids for the B
subunits [4,35,361.

Though CT and LT bear extensive
similarities in protein chemistry,
they differ considerably 1iIn their
localization. While CT is released
from V. cholerae cells and occurs in
the surrounding medium [37,38), LT
remalns cell asscciated in E. coli.
LT occurs free in the periplasmic
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Fig. 3. SDS gradient gei electrophoresis
showing a coemparison with cholera
toxin and LT toxin

space not bhound to the cytoplasmic
or outer membrane [39,40].

Hofstra & Witholt [41] also studied
the kinetics of association of
subunits into periplasmic holotoxin
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and explained that LT subunits are
translocated and processed in a
ratio of about 24 to 5B. ° Since free
LT A is either degraded slowly on
bound to newly synthesized LTB
oligomers, the net vresult 1s a
steady state of 1.4 to 1.7 A
subunits to 5B subunits in the
periplasm end 60 percent of LTA is
bound by LTB to form periplasmic
holotoxin with a subunit ratio of
about 1A to 5B. The remaining &40
percent of puriplasmic LTA occurs
free,

Our main aim for the purification of
LT of E. «c¢oli 1s to raise the
antibody for use in the identifica-
tion of enterotoxin (LT) producing
E. coli.

It was also reported by other
workers that when used with porcine
LT antiserum or CT antisera the
results did not give a definite
precipition lines probably because
the precipitation antigen in the
human LT was too weak [16,16].

It was alsc observed that by S5SDS
electrophoresis, the subunits A of
CT and LT shows different molecular
weights as was found by other
investigators. It was also shown
that CT and LT are immunologically
related but not identical and showed
that they share a common antigen
determinant(s)} and in addition, that
each enterotoxin possesses its own
antigen determinant{(s). LT is
antigenically similar to cholera
toxin im that antibodies prepared
against either toxin corss neutra-
lize to both toxic activities. LT
must therefore possess a region that
is antigenically similar to at least
a portion of cholera toxin subunit
B. As well as having characteris-
tics of cholera toxin subunit B, E.
coli LT appears to possess prope?-
ties very similar to those of
fragment A of choleragen. The
similarities between LT and CT are

obviously great and {nvestigators
{10-183 suggest at least a common
ancestors for those two toxins.
Indeed LT may differ functionally
from CT only in 1ts lack of a
fragment As like moiety.
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The purified Escherichia coli (LT) toxin was immunized in rabbits. The speci-
ficity of the antisera was demonstrated by Ouchterlony double-gel diffusion tests
and by neutralization of the activities of CT and LT to cause morphological
changes in Chinese Hamster Ovary cells assays, The optimum titre of the antisera
was checked and BIKEN assay was used to check the sensitivity and specificity of

the antisera. A total of 965 isolates were used to checked for the identifica-
tion of LT by BIKEN assay and found that 27 isoclates produced LT.

INTRCDUCTTION

Gyles and Barnum [l] first suggested
that cholera toxin (CT) and heat
labile toxin (LT) of enterotoxigenic
Escherichia coll were immunologi-
cally related by demonstrating of
porcine E. coli LT activity of anti
CT antiserum. Clements and
Finkelstein [2] clearly showed that
LT 4is {immunologically related to
subunite A and B of CT neutraliza-
tion of activities and by double-gel
diffusion test. Honda et al. [3)
developed a BIKEN test (modified
ELEK) for the detection of Entero-
toxigenic E. coli .(ETEC) producing
heat labile toxin in 1981. Honda et
al., 1981 [4] also showed the use of
anti LT which showed more specific
reactions toward LT producing E.
coli than anti cholera toxin. The
specific antiserum is required as
there are also immunological
non-identity of heat labile entero-
toxin such as human and porcine
Enterotoxigenic E. coli.

42

MATERIALS AND METHODS

Preparation of anti LT antisera

It was done as described by Takeda
et al., 1981 [5] 25 ug of pure LT
was emulsified with an equal volume
of Freund complete adjuvant (Difco)
and the emulsion was inoculated at
the back of the rabbits. Two
booster injections were given on
days 25 and 50 with 25 ug of toxin
emulsified with Freund complete and

incomplete adjuvants (Difco)
respectively. Antisera was cbtained
on day 60.

Tmmunoaffinity column chromatography

It was done as described by Honda et
al., 1976 [6].

Determination the optimum titre of
antisera

It was done by Ouchterlony double
gel diffusion test. 2 ug of the
pure LT was placed in the centre



well and different dilutions of the
antisera was placed in the peri-
pheral wells and kept in a humidi-
fied incubator at room temperature
for 16-24 hrs.

BIKEN assay

It was done as according to the
method of Honda et al., 1981 [3].
Four strains of E;—EdTI to be tested
were Inoculated onto a single plate
of BIKEN AGAR No. 2. The plate was
incubated at 37°C for 48 hrs, paper
disks (Whatman  AA) containing
polymyxin B were placed on each
colony, and the plate was incubated
for an additional 5 hr. The
antisera against purified human LT
was put into a well cut close to
each coleny (about 5 mm in distance,
and the plate was further incubated
at 37°C for 24 hr. Precipitin lines
between anti LT serum and bacterial
colonies were usually examined
without magnification. In some
instances, the plates were washed
extensively against a solution
containing 0.4 percent NaCl and 0.4
percent NapB407; dried, stained and
destained as described by Takeda et
al., 1981 [5]. o

The maximal dilution of antisera
that gave a precipitin line against
2 ug of purified LT in the Ouchter-
lony gel diffusion was checked and
used in the BIKEN assays [7].

Identification of  heat labile

enterotorin

For standardization of the antisera
124 standard strains of E. coll were
tested in BIKEN assay 1n paralliel
with the CHO cell assay. Moreover,
965 {solates of E. coli isolated
from Intakaw (cool dry) were tested
for the production of heat labile
enterotoxin by BIKEN assay and CHO
cell simultaneously [8].

RESULTS

Figure 1 represents the determina-
tion of the optimum titre of
antisera. 2 ug of the antigen was
placed in the <centre well and
different dilution of antisera was
placed in the peripheral wells. It
was found that the optimum titre of
antisera was found to be 1/8. The
antisera so obtained was also tested
in CHO cell assay for neutralization
and found that it neutralized well
up to the titre of 1:512, using both
cholera toxin and E. coli (LT)
toxin. -

m“m"“" U .WMT. ‘i-.u_ -
R Lt

-t

Fig. 1. Determination of the optimum titre
of anti LT antisera

Figure 2 shows the specificity of
anti LT after raising in rabbits by
Ouchterlony double gel diffusion
tests. It was shown as similar
results with others that CT and LT
are antigenically related but not
identical. They share a common
antigen determinant(s) that is not
present as one of the antigen and
shows that each enterotoxin posses-
ses its own antigen determinant(s).
Figure 3 shows the precipitin 1line
when used with anti LT}, and Figure 4
illustrates the gpecificity of
antisera by immunoelectrophoresis.

Figure 5 represents the BIKEN method
for the identification of E. coli
heat labile toxin. The EB. coli
strain was placed in 0, 1 represents
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Fig. 2. Specificity of anti LT by Quchter-
lony double gel diffusion test

Fig. 3. Specificity of anti LTy Ouchterlony
double gel diffusion test

a control antisera and 2 represents
the anti LT antisera prepared at
DMR. It was found that anti LT
showed a good response in BIKEN
assay.

Table 1 shows the use of BIKEN
method in detecting E. c¢oli heat
labile toxin 1in children with
diarrhoea. A total of 965 isolates
of E. coli isolated from children
with diarrhoea were tested for heat
labile toxin by CHO cell assay and
BIKEN assay. It was found that 27
isolates of E. coli showed LT both
by BIKEN and—By-Eﬁa_cell assay.
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Fig. 4.

Fig. 5.

Specificity of antisers by immuno-
electrophoresis

BIKEN method for the identification
of E. coli heat labile toxin




Table 1. Comparison of BIKEN and CHO test
for detecting E. coli toxins (heat

labile)
E. coli Type No. of isolate BIKEN  CHO
LT 6 b b
8T i 0 0
STLT 21 21 21
Nentoxigenic 907 0 0
Total 965 27 27
DISCUSSTON

The heat labile enterotoxin (LT) of
E. c¢oli acts by stimulating adeny-

Tate cyclase activity and  so,

superficially at least resembles to

cholera toxin, LT is antigenically
similar to cholera toxin 1in that
antibodies prepared against either
toxin cross neutralize to both toxic
activities. LT must therefore
possegs a region that is antigeni-
cally similar to at least a portion
of cholera toxin subunit B. As well
as having characteristics of cholera
toxin subunit B, E. coli LT appears
to possess properties very similar
to those of fragment Al of cholera-~
gen. The immunological and bioclo-
gical similarities between cholera
enterotoxin (CT) and E. ceoli heat
labile enterotoxin (LT) have been
demonstrated by many workers. The
simlilarities between LT and CT are
obvicusly great and they suggested
at least a common ancester for these
two toxins. Indeed LT may differ
functionally from CT only in its
lack of a fragment Aj-like moiety.

Without question diarrhoeal diseases
constitute one of the greatest
causes of morbidity and death on a
global scale. Diarrhoeal diseases,
which are often caused by infectious
microorganisms or their toxins,
constitute the greatest causes of
mortality and one of the greatest

causes of morbidity on a global
scale. It was reported by Walsch &
Warren in 1979 [9) that in, Africa,
Asia and Latin America 3 to 5
billion got illness and 5 to 10
million deaths occurred. Snyder and
Merson in 1982 [10] reported that
among 338 million of children under
5 years of age 0.7 to 1 billion got
illnessess and 4.6 million of deaths
occurred. In 1983 Guerrant et al.
(111 also demonstrated that in NE
Brazil children got 6 episodes per
child per year and the 7.7 to 13
percent of deaths occurred. Depen-
ding on age and living conditiens,
average attack rates of diarrhoeal
illness exceed to one to six
episodee per person per vyear and
diarrhoeal illness account for the
greatest portion of the staggering
childhood mortality that exceeds 20
percent in the poorest areas.

In Myanmar, it was reported the
importance of ETEC as an aetiolo-
glcal agent in acute diarrhoea in
children by Tin Aye et al. [12,13],
It was also reported the reliability
of the wuse of BIKEN ASSAY 1in
detecting heat labile enterotoxin of
Escherichia coli by Sutton et al.,
1985 [14] and it can be used as a
diagnostic tool 1n laboratories
without assay sophisticated equip-
ments. Honda et al. {71 reported
the usefulness of the BIKEN test for
detection of LT-producing E. coli in
a large scale field study. They
showed in sharper and clearer
precipitin iine than did anti CT
when anti LT was used. This was
probably because in addition to an
antigen determinant(s} common to
both LT and CT, LT and CT each has
a specific antigen determinant.
BIKEN assay has now been wused
extensively by many investigators
and found to be convenient and
reliable [14-171. Takeda et al.
[18] tested 2229 isolates of E. coli
isclated from diarrhoeal p:tients
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and the results showed 99.0 percent
coincidence with those obtained by
CHO cell assay. In our study also
there is a good relationship between
the results of CHO cell assay and
BIKEN assay.
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The study was carried out to determine the effect of contaminants on the efficacy
of routinely used disinfectants on bacteria and call on attention ot hospital
staff and medical care personnel for correct usage of disinfectants. Disin-
fectant efficacy of Hibitane, Osban, Ethanol, Isodine and Tege 51 on organisms
such as P. aeruginosa, F. coli, S. aureus and B. sebtilis contaminated with
erganic substznces such as human blood, egq white and animal oil were investi-
gated. The disinfectant efficacy was also determined on clinical specimens. 70%
fthano! was totally ineffective on B. subtilis. Osban and Ethanol did not effect
on P. aeruginosa, and B. subtilis when they were contaminated with the organic
substances. Jleqo 57 was weak in the efficacy on sputum and urine specimens.
Hibitane and Isodine were effective on tested organisms even when contaminated
with crganic substances and also on the clinical specimens.

INTRODUCTION MATERIALS AND METHODS
Disinfectants are widely wused not
only for medical purposes but also
for domestic usage. Many workers
have investigated efficacy of

The final concentration of disin-
fectants namely Habitane, Osban,
Ethanol, Isodine and Tego 51 were
used at 0.5%, 0.1%, 70%, 50% and

disinfectants on pathogens which are 0. 2% respectively. P. aeruginosa,
mostly normal inhibitants in E. coli, 8. aureus and B. subtilis
environment and in human but were used to test the disinfectant

seriously concerning with nosocomial efficacy on bacteria. The animal
infections in immune compromised oil, egg white and blood (sterile
host. Contaminants such as urine, human blood) were used as contami-
stool, pus etc. reduce the disin- nants and then urine, sputum, stool
fectants efficacy on such pathogens and pus were used as hospital
{2]. There has been little informa- specimens. The hospital specimens
tion about the effect of organic were collected from Tsukuba Univer-
contaminants on the bactericidal sity Hospital.

activity of disinfectants. Thus
this study has been carried out to
make clear the effect of contami-
nants on the efficacy of routinely
used disinfectants and «call on
attention to hospital staff and
medical care personnel for correct
usage of disinfectants.
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P. aeruginosa, E. coli, S. aureus,
B. subtilis were inoculated in brain
heart infusion (BHI) media and
incubated at 37°C for overnight.
They were diluted with BHI media to
get the working concentration of
107, 108, 109 colony forming unit/ml
(CFU/ml) for each organism by




measuring absorbance at 340 nm. 1 ml
of each orgnism guspension was mixed
well by vortexing with 1 ml of
working concentration of each
diginfectant . After 10, 30, 60 and
180 secs, 100 ul of the mixture was
spreaded on nutritient agar (NA) and
then incubated at 37°C for overnight.
Bactericidal effect was calculated
from the colony number grown on NA
plates after overnight incubation.

The final concentration of human
blood, egg white and animal oil as
contaminants were used as 10%, 10%
and 50%, respectively. A half ml of
109 CFU/ml of each tested organism
in BHI media broth was mixed well by
vortexing with a half ml of each
contaminant. Then 1 ml of final
concentration of each disinfectant
was added to the above mixture and
mixed well by vortexing. after 10,
30 and 180 secs of mixing, 100 ul of
the mixture was spreaded on NA
plates and incubated at 37°C for

overnight. Bactericidal effect was
determined by the number of colonies
on NA plates after overnight
incubation.

Patient's sputum, urine, stool and
pus were examined for the efficacy
of disinfectants. Total bacterial
count of these specimens were
measured on NA by CFU assay. 1 ml
of 10% of each clinical specimen was
mixed well by vortexing with 1 ml of
final concentration of each disin-
fectant. After 10 gecs of mixing
well 100 wul of the mixture was
spreaded on NA plates and incubated
at 27C for overnight. Then
bactericidal effect was measured as
mentioned above. If there was any
growth of bacterial on these plates,
those were identified biochemically
by standard procedures [1].

RESULTS

The results of efficacy of disinfec-
tants on the tested organisms were

shown im Table 1, At the tested
concentrations, these disinfectants
were effective on tested organisms
except that 70% Ethanol which was
totally ineffective on B. subtilis
on 211 the concentrations of 109,
108 and 107 CFU/ml.

The efficacy of disinfectants with
the contaminant was shown in Table
2. Osban did not effect on P.
aeruginosa when it was mixed with
these organic contaminants. Ethanol
was not effective on B. subtilis
when 1t was contaminated with the
organlce substances. Osbsn and Tego
51 did not effect on E. coli and on
P. aeruginosa respectively when they
were contaminated with oil.

The efficacy of disinfectants on the
clinical specimens were &shown in
Table 3. Tego 51 was weak in the
efficacy on gputum  and urine
specimens when the total bacterial
count in the specimens reached to
108 and 109 CFU/ml. The contami-
nated bacteria were identified to be
P. aeruginosa and E. coli.

Hibitane 0.5% and Isodine 507 were
effective on tested organismes even
when  contaminated with organic
substance and also on the c¢linical
specimens.

DISCUSSION

Hicitane 1s biguanides and it 1is
strongly positive charged disin-
fectant. It inactivates the membrane
proteins of the bacterial cells. It
is mnot noxious to skin and 1is
commonly used one. Its weak point
is that it is easily contaminated by
pathogens. It has a wide spectrum
of activity against gram negative
and positive bacteria but it is not
sporicidal and mycobactericidal. Its
potency 1is reduced in the presence
of serum, blood, pus and other
organic matter. Because of its
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Table 1. Bactericidal effect

organism

of disinfectant on common bacteria at various concentration of the

Corcentration of Organism/Duration of Treatment (sec)

Bisinfectant Organism 109 ¢Fu/ml

108 CFu/mi 107 CFU/ml

30 60

180

10 30 60 180 10 60
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bactericidal

cationiec nature, {its activity 1is
reduced in the presence of soaps and
other anionic compounds [2]. In our
study Hibitane 0.5% was quite
effective on tested organisms even
contaminated with organic substance
and also on the clinical specimens.

Osban (Iodophors) is the positive
charged detergent. Because of 1its
lower chemical reactivity it is a
weak disinfectant [2]. We found
that Osban did not effect on P.
aeruginosa when it was mixed with
organic contaminants and also on f&
coli when it was contaminated with
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non bactericidal (organism growth positive after treatment)

oil.

70-80% Ethanol gives dehydration of
cell membrane. It 1s extensively
employed as a skin disinfectant. For
general use, concentrations between
50-70% are recommended as being most
effective. One frequently encoun-
ters the statement that the presence
of water is essential to the
antimicrobial action of ethanol, and
70% ethyl alcohol 1is the most
effective bactericidal concentration
[3]. In this study, it was quite
effective on the tested organisms
except that it was totally ineffec-



Table 2.

Fffect of some contaminants on bactericidal activities of disinfectants

Bacterial strains tested (109/ml)/Duration of treatment (sec)

Disinfectant Contaminant

P. aeruginosa E. coli S. aureus B, subtilis
10 30 60 80 10 3060 180 10 30 &0 180 107 30 60 180
Hibitane Egg White - - - - - - = . - - - - - - - -
(0.5%) Red Cell - - - - - - - . - - - - - - - -
wWhole Bloed - - - - - - - - - - - - - - - -
¢il - - - - - - - - - - - - - - - -
Osban Egg White E o+t - - - - - - - - - - - -
(0.1%) Red Cell + o+ o+ + - - - - - - - - - . - _
Whole Blood + + +  + - - - - - - - - - - - .
Oil + + + + + + + + - - - - - - - -
Ethanel Egg White - - - - - - - - - - - - r o+ o+
(70%) Red Cell - - - - - - - - - - - . v+
whole 8lood - - - =~ - - . - - - - - e+ 4
011 - - - - - - - - - - - - + o+ o+
Isodine Egg White - - - - - - - - - - - - - - - =
(50%) Red Cell - oo e e e e o e e e .
Whole Blood - - =~ - - - - - - - - - - - - =
0il - - - - - - - - - - - - - - - -
7690 51 Egg White - - - - + + + - - - - - - - - -
(0.2%) Red Cell oo e - o e e 4o o e e e
Whole Blood - - - - o+ o+ o+ - - - - .+ o+ o+
0il 4+ + - = - + = - - - - - -
Eqg White: 10%, Red Cell: 10%, Whole Blood: 0%, 0il: 50%
+ : non bactericidal (organism growth positive after treatment)
- : bactericidal
tive on B. subtilis. Tego series of compounds  are

Iodine (Povidone Iodine) 1is the
negatively charged strong detergent.
It acts by aggregation and oxidation
of proteins. Its action is good in
low pH. Povidone Todine germicide
formulated as an antiseptic may
contain 10% povidone icdine and 1%
available iodine. The term
"available ifodine'" refers to the
amount of iodine that is titratable
with sodium thiosulphate [2]. In
our study Isodine 50% was effective
on tested organisms even contami-
nated with organic substance and
also on the clinical specimens.

amphoteric agents which combine the
detergent properties of anions with
the antimicrobial properties of the
cationic compounds. Activity
remains virtually constant over a
wide pH range and they are inacti-
vated less readily than cationic
surfactants by proteins [2]. We
found that Tego 51 did not effect on
P. aeruginosa when it was contami-
nated in oil. It was also weak in
the efficacy on sputum and urine
specimens when the total bacterial

count reached to 108 and
109  CFU/mi in these speci-
mens.
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Table 3. Efficacy of disinfectant on clinical specimens

Contami-
nated Disinfectant (final conceatration %) .
X . . Survived
Specimen No Bacterial bacteri
© Number  Hibitane(0.5) O0sban(0.1) Ethanol(?0) Isodine(50) Tego(0.2) acteria
(CFU/ml)
Sputum 193 107 - - - - -
202 107 - - - - -
199 106 - - - - -
242 107 - - - - + Pssudomonas
spp
152 108 - - - - . S.
epidermidis
drine 232 107 - . - - - K. oxytoca
180 106 - - - - -
225 108 - + - - + S. aureus
220 109 - + - - + 5. aureus
Pus 230 109 - - - - + 3. aureus
242 109 - - - - + f. coli
Stool 289 109 - - - - -
267 109 - - - - -
+ = non bactericidal {organism growth positive after treatment)
- = bactericidal
The efficacy of disinfectants on REFERENCES

bacteria depends on the hydrophobic
properties of the bacteria and the
pores of the bacterial membrane
where the disinfectant molecules
enter into the c¢ell and acts on
these cells [2]. So to know the
differences of the actions of the
above disinfectants on the tested
~rganiems, we need further studies
to know the hydrophoblicity of the
hacterias and also the different
pore sizes of them.

From our study we can give some
information about the disinfectants
to the medical personnels that
Hibitane 0.5% and Isodine 50% were
quite effective on the tested
organisms and also on the clinical
specimens. We have found that the
organic contaminants and the
clinical specimens reduced the
efficacy of those disinfectants.
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A total of 419 isolates Escherichia coli, isclated from 173 cases of diarrhoea,
39 cases of dysentery and 21 control cases of different age groups were sub-
cultured in Trypticase Soy Broth containing 1 percent D-mannose. Adherence cell
assay was done by using Lab Tek chamber slides seeded with Hep-2 cells. A total
of 46 cases (21.7 percent} showed adhesion and noted that 17.5 percent of EPEC,
16.7 percent of ETEC and 8.3 percent of untypable E. coli showed adherence. 28
isglates of them showed diffused adherence patterﬁ—ﬁzﬁd 1% isolates showed

localized adherence pattern; & isolates

adherence.

INTRODUCTION

Adherence has been considered an
important factor for the pathogene-
sis of ©bacteria on the mucosal
surface of the Thost organism
Escherichia coli strains with the
ability to adhere to the human
intestinal epithelium have been
described in serogroups 026, 0125
and 0119 [1,2,3L. Using tisaue
culture cells, Cravioto et al. [4]
and Mathewson et al. [5] described
adherence of E. coll to Hep-2 cells,
whereas McNeish et al. [6]1 observed
adherence of the same bacteria to
mucosal cells of human fetal small
intestine. Scaletsky et al. [7]
used Hela cells to see the distinc-
tive patterns of adherence. Some
used Enzyme-Linked Immunosorbant
assays for the detection of adhesive
factor antigens [8,9]. This paper
concerned with the adherence pattern
of E. coli isolates of Myanmar
diarrhoea and dysentery patients to
Hep-2 cells.

also showed aggregative type of

MATERIALS AND METHCDS

Specimens for Tbacteriology were
inoculated directly onto MacConkey
and Salmonella-Shigella agar and
into Selenite enrichment broth and
incubated overnight at 37°C.
Identification of bacteria was
followed by the standard methods
recommended by the World Health
Organization [10] and serotyping was
done as gccording to the methods
described in Edwards and Ewing [11].

317 1isolates of Escherichia coli
isolated from 173 cases of diar-
rhoea, 72 isolates from 39 cases of
dysentery and 30 isolates from 21
cases of control were included in
this study. They were subcultured
in L5 ml of trypticase soy broth
containing 1 percent D-mannose and
cultured at 37°C overnight.

Adherence cel)l assay test was done by
using Lab Tek chamber slides seeded
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with Hep-2 cells, a continuous line
of human  epithelial cells as
described by Cravioto et al. [4].
These cells were grown at 37 C in 5
percent carbondioxide in Eagles
minimal essential medium  (MEM)
supplemented with 100 U of peni-
cillin/ml, 100 mcg of streptomycin/
ml, 2 mM L-glutamine, 10 percent
calf serum and 1 percent foetal calf
gerum until nearly confluent
monolayer had formed.

After washing the slides with
phosphate buffer saline three times,
the cell culture medium was then
replaced with MEM containing
D-mannose without antibiotics.

0.05 ml of E. coli broth was then
added, and “the chamber slide was
incubated at 37°C for 30 minutes
{infection period). The slides were
then washed five times and media
with 1 percent mannose was added and
again incubated at 37°C for 4 hour
(multiplication period). The slides
were then washed thoroughly five
times with phosphate buffer saline.
The cells were fixed with methanol,
and stained with May-Grunwald stain
diluted 1:2 with Sorensen buffer (pH
7.3) for 5 minutes and Giemsa stain
diluted 1:3 with same buffer 20
minutes. The stained slides were
washed with water, dried and
examination was made under light
microscope.

A strain was considered to be
adherent {f E. coll was observed to
adhere to 40 percent of the Hep-2
cells. A known Enteroadherent
Escherichia coli 0128 K67 (N 10/83)
which was tested at CDC, Atlanta
and E. coli ATCC 25922 were used as

posifive and negative controls
respectively.

RESULTS
All E. coli igsolates were sero-
grouped by using of antisera
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produced in rabblts as according to
the methods of Edwards and Ewing
[11]. The EPEC serogroups sought
were 01, 026, 044, 055, 086, 0111,
0114, 0125, 0126, 0127, 0128, 0142,
0146, 0157, The EIEC serogroups
sought were 028, 0112, 0124, 0136,
0l44, The ETEC sgerogroups sought
were 06, 08, 025, 027, 0l48 and
0159, Normal Hep-2 cell was shown
in Fig. 1.

Fig. 1. Normal HIP.7 cells

When E. coli strains attach to Hep-2
cells, two attachment pattern
OCCUTS. In Cne, the bacteria are
seen around or covering the whole
surface of the Hep-2 cell (Fig. 2).

Fig. 2. Diffused adherene pattern in HEP-2Z
cells

This pattern is called diffuse
adherence (DA). In the second kind
of attachment, the bacteria bind to
localized areas of Hep-2 cells in
which they form very clear-cut



microcolonies (Fig.  3). This
called

attachment pattern is
localized adherence (LA}

. # ~
t\
By
d
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Fig. 3. Localized adhereace patterr in HEP-2
cells

A total of 115 isolates of EPEC, 24
isolates of ETEC, 14 isolates of
EIEC and 266 untypable isoclates of
E. coli were tested for adhesive
assays. It was observed that out of
115 1isolates of EPEC tested 20
isolates were showing adhesion (17.5
percent). When checking with
different serogroups it was found
that one isolate each of 01, 026,

0127 and 0142 showed adhesion
respectively. Two isclates of 0125
also showed adhesion. Three

isolates each of 055 and 086 were
also showing adhesion. In serogroup
0128, 8 1isclates were showing
adhesion (Table 1). In EIEC
gerogroups out of 14 isolates tested
no strain showed adhesion. In ETEC
serogroups, one 1isolate of 08, 1
isolate of 027 and 2 1isolates of
0159 showed adhesion respectively. A
total of 4 isolates out of 24 cases
of ETEC (16.7 percent) showed
adhesion, 266 isolates of untypable
E. coli (non EPEC, non ETEC) were
tested and found that 22 isolates
showed adherence. Type of adherence
was shown in Table 2. In 20
isolates of EPEC it was found that
16 isolates showed diffused pattern
and 4 isclates showed localized type
of adhesion. 1In 4 isclates ETEC it
was found that 2 isolates showed

Table 1. Distribution of Mannose resistant
adhesion amang EPEC, EIEC and ETEC
serogroups

No. of isolate No. (%) showing

Serogroups

tested adhesion
EPEC 01 28 1 (3.6}
026 Y 1 (25.0)
044 1 0
055 7 3 (42.9)
086 15 3 (20.0)
0111 1 0
0114 b 0
0125 12 2 (16.7)
0126 6 0
0127 5 1 (20.0)
0128 14 8 (54.4)
0142 11 1 (9.1
0146 1 0
0157 4 0
all EPEC 115 20 (17.5)
EIEC 028 3 0
6112 5 0
012 2 0
0136 2 0
0144 2 0
all EIEC 14 0
ETEC 06 b 0
a8 4 1 (25.0)
025 5 0
027 5 1 (20.0)
0148 1 0
0159 5 2 (40.0)
all ETEC 24 b (16.7)
13 266 22 (8.3)
diffused pattern and 2 1isolates
showed localized pattern. In 22

isolates of non EPEC nor non ETEC
(UT) group it was found that 10
isolates showed diffused patterns,
46 isolates showed localized pattern
and 4 1isolates showed aggregative
type. It was also noted that out of
30 isolates from 21 control cases
non of them showed adhesicn.

Table 3 was showing the relationship
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Table 2, Types of adherence pattern of some
serotypes of £. coli

Table 3. Relatienship between adherence and
diarrhoea or dysenteriae

adherence

Serogroup Total Diffused localized Aggfe—
gative

EPEC 01 1 1 0 0

026 1 0 1 0

055 3 1 2 0

086 3 3 0 0

0125 2 1 1 0

0127 1 1 0 0

0128 8 8 0 0

0142 1 1 0 0

Total 20 16 b 0

£T1EC 0 0 0 0

ETEC 08 1 1 0 0

027 1 ] 0 G

0159 2 H Z 0

Tatal 4 2 2 0

ui 22 10 8 4

Total kb 28 14 h
between adherence and type of
infection. Out of 46 cases which

were positive for Enteroadherent E.
coli, 35 cases (20.2 percent) were
from diarrhoea cases and 11 cases
(28.2 percent) were from dysenteriae
cagses. These includes 20 cases of
EPEC and found that 13 cases were
from diarrhoea cases and 7 cases
were from dysenteriae cases. In 4
cases of ETEC they were from
dliarrhoea cases. In 22 cases of non
EPEC nor non ETEC groups it was
observed that 18 cases were from
dlarrhoea and 4 cases were from
dysenteriae cases.

DISCUSSION

Several studies have demonstrated
that adherence to the intestinal
mucosa 1s an 1lmportant virulence
factor of EPEC strains [1,12,13].
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No. of cases Diarrhoea Dysenteriae

Serogroup positive (173 cases) (39 cases)
EPEC 01 1 1
026 1 Ll
055 3 3
086 3 1 Z
0125 Z 1 1
0127 1 1
0128 8 5 3
47 i 1
Total 24 13 7
ETEC - - -
£ETEC 08 1 7
027 1 g
0159 Z ?
Total 4 4
0T 19 15 b
Total L6 35 (20.2%) 11 (28.2%)

Other studies also suggested that
Hep-2 cell adherence may be a good
model of in vivo EPEC adherence
[12,14,15]. Cravioto et al. [4] in
the original description of Hep-2
cell adherence, reported that 29% of
17 non-EPEC, non ETEC strains of E.
coli that were possible causes of
five diarrhoeal outbreaks were
adherent to Hep-2 cells. These
reports strongly suggest that Hep-2
cell adherence may be a virulence
factor in E. coli strains, indepen-
dent of serogroup, and that EAEC
strains may represent another
diarrheagenic E. coli. Echeverrla
et al. [16] reported that well
travellers to Theiland had a
carriage rate of 13 percent of ETEC
and in addition EAEC strains may
account for a portion of 25 percent
of cases of diarrhoea 1In which no
agent can be identified. EAEC were
isolated from 30.4 percent of these
patients and these observations
suggest an etiologic role of EAEC
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gstrains in travellers diarrhoea.

Mathewson et al. [17] studied Hep-2
cell adherent E. coli strains most
of which do Tnot belong to EPEC
serogroups, but may be of importance
in diarrhoea in adults and reported
that the EAEC stralns isolated from
adult travellers in their studies
rarely belonged to traditional EPEC
serogroups. They also reported that
patients with diarrhoea in whom no
recognized enteropathogen could be
identified or had 30.4 percent
prevalence of EAEC. Thus, conclu-
sion was made that EAEC are asso-
ciated with diarrhoea in travellers
and suggest that Hep-2 cell-adherent
E. coli strains, most of which do
not belong to EPEC serogroups, may
be of etiologic importance in
travellers diarrhoea in adults.

Levine et al. [18] also studied on
the diarrhoeal response of human to
0127:H6 classic serotypes of EPEC
and demonstrated that it is depen-
dent on a plasmid encoding on
enteroadhesive factor, which is
located on plasmids 50-70 MDa in
size.

Nataro et al. [19] detecting an
adherence factor of EPEC by DNA and
reported that 055, 0142, 0127, 01il1
and 0119 showed adhesion. In our
report also 055, 0125, 0126, 0127,
0128 and 086 showed  adhesive
pattern.

In our study it was also observed
that in 266 isclates of nen ETEC -
non EPEC; 22 isolates showed
enterocadherent (8.3 percent), No
adhesion was occurred when tested in
EIEC serogroups. 4 isclates of E.

coli showed adhesion in 24 ETEC

strains and 20 isolates out of 115
isoplates of EPEC showed adhesion
with different patterns of adhesion.
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