
JULY, 1978 

THE NEW ZEALAND JOURNAL OF 

An Ollelal ,..c:atlcnl of the New Zealancl ._llhite of Meclcal 
.........,. ,....... ~~~corp ...... 

SQJ.IIDitOIS: 
Mr A. E. Knitftt, Min. M. C. Johnstone VOLUME 32, No.2 



Tops on 
anybody's bottle, 
wliatever the 
size, whatever 
the reagent.* 

Laboratories use many different 
reagents , made by many different 
manufacturers, packaged in many different 
size containers. Now there's a bottle-top 
dispenser that fits almost all, the Brand 

Dispensette. 
Instead of transferring reagents, 

just mount a Dispensette ori the 
original bottle. 

Dispensettes are designed to fit virtually 
any bottle, can or container with standard­
size screw neck, and many non-standard 
sizes as well, using optional ~dapters. 
Dispensettes come in 3 adjustable and 
7 fixed-volume models, work with all 

reactive chemicals (*except HF) 
and may be autoclaved without 

disassembling . 
The Dispensette is the 

smoothest-working, least 
fragile bottle-top dispenser 
yet designed. (No external 
glass tubing to break off; 
no tip-over problems). It 
dispenses exact quantities 
of liquid quiokly and easily, 
with better than 0.2% 
reproducibility. 

For literature on these 
"I ndispensable Dispensers" 
Write: 

CARTER 
CHEMICALS 
LIMITED 
192-196 Castle Street, 
P.O. Box 1326, 
Dunedin, New Zealand. 
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A Computerised Laboratory Antibiotic Sensitivity System 

H. W. Taylor, B.Sc., ANZIMLT, and G. R. Rose, ANZIMLT 
Pathology Services and Microbiology Department, Christchurch Hospital. 

Received for publication, October 1977 

Summary 
A computer system for the analysis of data 

from the sen5itivity to antibiotics of micro­
organism isolates is described. This system 
features an on-line data entry and checking 
section, immediately alerting laboratory staff to 
unusual sensitivity patterns, and the batch 
summary information section. 

Introduction 
Data on antibiotic sensitivity tests performed 

on micro-organism isdlates at the Microbiology 
Department at Christchurch Hospital have 
been analysed by computer since June 1974 
under the Computerised Laboratory Antibiotic 
Sensitivity System (CLASS) . 

This system was originaHy designed at 
Christchurch Hospital, to produce summary 
printouts at certain intervals, initially six 
monthly. The purpose of these printouts in­
cludes: 

(a) Provision of data showing the numbers 
and types of micro-organisms in the hospital 
oYer a given period. 

(b) Alerting both clinicians and laboratory 
staff as to the prevalence or emergence of anti­
biotic resistant strains of micro-organisms. 

(c) Acting as a check on the quality of 
laboratory reports 

(d) Providing baseline antibiotic sensitivity 
patterns to help prescribing policies to be deter­
mined in the hospital. Recently the system has 
been expanded to include an on-line data 
entry section and is being converted to the De­
partment of Health computer. A function of 
the new section is to provide an additional 
check on unusual sensitivity patterns before 
reports arc issued. 

Laborato1)' Method 
The elise diffusion technique described by 

Stokes ( 1) is used for antibiotic testing on 
patient specimens from Christchurch and 
Christchurch Women's Hospital. The labora-

tory staff have a protocol determining which 
antibiotics to test depending on the particular 
micro-organism, the site of the patient from 
"·here the specimen was obtained, or the unit 
within the hospital organisation where the 
patient occupied a bed. Data recorded on the 
result form includes where applicable, the 
organism name, the bacterial count, the anti­
biotics tested, and the sensitivity result. Anti­
biotic s~nsitivities are carried out on known 
pathogens of significant numbers (lOS-1010 /1 
for sputum, 10- 100 x 106/ 1 for urines) or 
any growth from sites which would normaHy be 
steri le. On occasions sensitivities are performed 
on each component of heavy growths of mixed 
organisms. These results will appear in the data 
processing as either mixed organisms or as the 
individual organisms that are isolated and 
identified. The antibiotic sensitivity results are 
coded as ' R' for resistant, 'S' for sensitive or 
' D ' for doubtful. 

Data E ntr•y 

Results on all organisms having antibiotic 
sensitivity tests carried out are entered into the 
computer through a visual display unit. The 
entry system is designed to be used by labora­
tory personnel as they complete their readings 
of batches of sensitivity patterns. From each 
result fotm the culture site, organism name and 
sensitivity pattern is entered. The site is entered 
as a two character code and the org·anism as 
a four character code. The sensitivity pattern 
is a combination of ' R ' for resistant or 
doubtful, 'S' for sensitive or ' ' (blank) 
for not done. The pattern of antibiotics is 
determined by the particular culture si te, and 
corresponds to the order on the result form. 
The system checks each line of data for allow­
able site code, allo·wable organism code, and 
allowable characters in the sensitivity pattern 
and advises the operator of errors immediately. 
Each line is echoed on a screen and accepted 
by ·the operator if he or she is h'appy with it. 
The computer immediately advises the opera-
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Figure 1. T he sensitivity patterns for Enterobact~r species (ESPE ) in urinary tract specimens (UT). 

SUMMA~Y OF SENSITI VI TY PATTERNS IN UT 
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Figure 2. The summary print out of sensitivity patterns 111 urinary tract specimens ( UT) showing the 
percent sensitive to each antibiotic. 

tor if an unusual or alert pattern is detected. 
These are orgamsms which differ from tlwir 
expected antibiotic sensiti,,ity. 

At the conclusion of data entry the operator 
may call for a display or printout of all the 
data entered. Alternat.i\'cly, or additionally a 
display or printout of all the a:lert data may 
be obtained. 

Alert Data 

vVhen an a lert pattern is detected, the 
patient specimen may be re-examined to en­
able the operator to confirm the identity of the 
orgamsm, and recheck the sensitivity test. 
M.I.C. 's (Minimum Inhibitory Concentration) 

tests to a particular antibiotic may be acti­
\'atecl. 

The Batch Sj>Sfem 

At suitable time intervals, currently s1x 
monthly, the hatch section of the system IS 

run. T he batch stream consists of a suite of 
programmes to perform a number of functions 
including the production of period reports, file 
maintenance, back up, and summarising the 
data for later investiga tion. Seven output re­
ports arc produced. 

R e jJort One 

The first report gives the number of occur­
rences of each observed sensitivity pattern for 
each site, for each micro-organism (Figure 1). 
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Summary data are also gi,·en. T he " % tota l ., 
is the percen tage of sensitive observations for 
the particular antibiotic to the total number of 
specimens, where the named m icro-organism 
has been isolated. T he " % clone" is the per­
centage of sensitive obser\'ations, to the num­
ber of sensiti,·e and resistant observations for 
the particular antibiotic. For example, if we 
had one hundred isolates of a particular 
micro-organism from a particular site, and of 
these fifty were sensitive for a given antibiotic. 
twenty-five were resistant, and twenty-five were 
not tested for that antibiotic, the " % total '' 
is fifty percent and the " % clone., is sixty­
seven percent. The total number of isolates of 
that m icro-organism is also given. This report 
is primarily used by the laboratory administra­
tion. It is used for validating data on the per­
centage of sensitive organisms to a particular 
antibiotic and it facilitates such things as the 
checking that the organism has been tested 
against appropria te antibiotics. 

R eport Two 
T he second report (Figure 2) is a summary 

for each site giving th e observed sensitivity to 
each antibiotic for each type of micro-organ­
ism. T he frequency of occurrences of each 
micro-organism isolate is a lso given. This Je­
port fonns the basis of information released 
to all clinicians showing the patterns of anti­
biotic resistance and sensitivity in the hospitals. 
It is hoped that this may assist in the rational 
selection of an appropriate antibiotic therapy 
for patients. 

Reports Three to Five 
The third report is a table oi the sens1t11 tt) 

of each antibiotic fm each site irrespecti,·e oi 
organism. The fourth is a table of the sensiti­
vity of each antibiotic to each organism iuc­
spective of site. 'J1he fifth report is a summary 
of the number of each type of 1uicro-organism 
identified from each site. 

Reports Six-Seven 
The final tv1·o reports are used for summar­

ising changes in sensitivity over two time 
periods. Usually the current period is com­
pared with the immediately previous period. 
Ta:bles are produced showing t he num ber of 
tests, and the sensitivity of each m icro-organ­
ism to each antibiotic for each site, and the 
frequency of each micro-organism. T hese are 
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summa rised for each pt-riod and differences are 
also given. 
Sensitivit)' S ummaries to Clinicians 

After the period reports are obta ined a 
report is issued to all clinicians. This contajns 
a summaty of the releYant data on the sensi­
tivity to each antibiotic to each micro-organ­
ism, with a covering letter from the micro­
biologist outlining any releyant obsetYations 
such as the increasing resistance of certain 
organisms to particular antibiotics or the 
increasing frequency of particular types of 
11 1 icro-organ isms. 

System Flexibil ity 
The system allows for two hundred different 

micro-organisms, fifteen sites, thirty an tibiotics, 
and up to fi fteen differen t antibiotics for any 
one site. Currently there are one hundred and 
forty different micro-organisms coded in the 
system and we are collecting da ta on twelve 
sites, twenty-two a ntibiotics and a maximum of 
thirteen different antibiotics for any given site. 
Initial Experience with the S)IStem 

Initial experience shovl'ed that it took un­
trained operators some twenty seconds to enter 
and check each record. A six month period in 
Christchurch involves some 4,300 records of 
sens1t1v1ty data, takes 23 hours for data ent1y, 
and uses I 0 minutes of computer processing 
time. 

Problems arose during the testing of Vhc on­
line section of the system with the unrcliahilit) 
of the computer and lines. During 11 hours of 
data entry, data ''ere lost due to computer 
problems on at least four occasions and due lo 
line problems on at least three occasion . The 
entry programme was modified to reduce data 
loss when these problems occur. 

Exj;ansion of the System 
It was planned at one stage to expand the 

system to include information from the ward 
and consultant on each case, and to capture 
considerably more information on venereal 
disease, cerebrospinal fluid. and blood culture 
results. This would best be clone by expand­
ing the system to include the computer pro­
duction of laboratory report forms, while cap­
turing the data req uired for this system. It was 
clecidecl to defer this until it became cJ!ear what 
facilities the Nationwide Clinical Laboratory 
Computer System m ay contain to obtain this 
type of infonnation. 
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Candida parapsilosis Endocarditis: A Case Report 

Jane Fitchett 
Microbiology Division, Department of Laboratory Services 

Wellington Public Hospital, Wellington 

From a jJaper read to the NZIMLT Conference, Queenstown, 1977 

Summary 
The importance of fully identifying isdlates 

of yeasts causing infection and testing their 
antibiotic sensitivity is stressed. This case of 
Candida para jJsilosis endocarditis was treated 
with a combination of amphotericin B and 5-
fluorocytosine without removal of the infected 
valve. 

The patient remains well and is expected to 
continue on 5-fluorocytosine at a dosage of 1 
gram 6 hourly for life. 

Introduction 
Candida parapsilosis endocarditis is a se\'ere 

and often fatal infection. The case presented 
was successfu lly treated using a combination of 
5-fluorocytosine and amphotericin B. The 
laboratory methods used to isolate, identify and 
test the antibiotic sensitivity of the yeast are 
outlined. 

Case History 
In 1967 a 54-year-old male had an aortic 

homograft Yalve replacement in Green Lane 
Hospital, Auckland, for a congenitally abnor­
mal aortic valve. He recovered fully after the 
operation and was a very fit and well man 
until February 1977. From then on to April 
1977 he began to feel unwell with nothing 
specific in the way of symptoms. He then devel­
loped an infected finger not related to trauma. 
His doctor treated him with co-trimoxazolle for 
a presumed pulp infection. The infection did 
not improve and three weeks later on Apri'l 
28 he was seen at the Wellington Hospital E 
& A Department for his infected finger. The 
wound was drained , a swa!b of the wound taken 
and cultured and he was started on cloxacillin. 
He returned home but after dizzy spells, cold 

sweats, loss of appetite and weight loss he was 
admitted to Wellington Hospital on May 4 
with suspected bacterial endocarditis. The 
finger wound swab by this time had grown a 
pure growth of a C. parapsilosis. Cloxacillin 
and Co-trimoxazole were then stopped. Blood 
cultures were taken on admission. 

On May 5 his third toe on the right foot and 
his left great toe developed purpuric pulp 
lesions and he had a very painful right calf. 
Blood cultures taken on May 4 grew C. jJara­
psilosis as did 4 sets taken on May 5 and 3 
sets taken on May 6. Growth occurred in all 
3 blood culture media - brain heart infusion 
broth, trypticase soy broth ·with 5% glucose 
and thiog>lycollate broth after 3-5 days. 

At this stage the candida precipitin titre of 
the patient's serum was 1: 16. 

On May 7 treatment began using 5-
fluorocytosine orally and amphotericin B 
intravenously. 

5-.fluorocytosine was started at a dosage of 
lOOmg/kg/day - a total of Bg, 2g given 6 
hourly. The amphotericin B dosage was 1mg/ 
kg/clay - a total of 80mg/day which was 
gi,·en over 6 hours. 

On May 11 he was sent back to Green 
Lane Hospital, Auckland, \\·here his aortic 
,·alve replacement had been clone. 

Blood cultures taken on May 12 were sti.rl 
growing C. parapsilosis. 

On May 17 clue to renal impairment the 
5-fluorocytosine dosage was reduced to 1.5g 
6 hourly and the amphotericin B was reduced 
to 40mg/clay. The amphotericin B was stopped 
on May 18 and 5-fluorocytosine further re-
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duced to l g 6 hourly. Amphotericin B was 
recommenced on May 25 at a dosage of 
40mgjday and then reduced to 20mg/day on 
May 26. 

On May 27 the candida precipitin titre still 
remained at 1 : 16 but on June 8 and June 10 
the levels dropped to 1 : 8. 

The treatment remajned unchanged until 
June 14 when amphotericin B was increased 
to 30mg/day. 

Amphotericin B treatment was stopped on 
J une 28. 5-fluorocystosine is to be continued 
at a dosage of l g 6 hourly. 

The patient was well and blood cultures were 
sterile on discharge from Green Lane Hospital 
on July 18. Removal of the valve was not 
thought necessary as an tibiotic treatment 
appeared successful. 

Identification of the Isolates of Candida Species 
T he following tests were used to identify 

the wound swab and the blood cul ture 
isolates: 
1. Germ tube test - 2 colonies were inocu­

lated into 0.5ml of pooled human sera. 
The test was incubated at 37 °C for 3 h. 

2. Chlamydospore production - the yeast 
was inoculated onto rice extract tween 
80 agar which was examined after incuba­
tion at 30°C for 48 h . 

3. U ni-Yeast-Tek (Corning medical diagnostic 
New York) - suspension of the yeast was 
inoculated into wells on the plate according 
to instructions provided. The plate was 
incubate<! at 30°C for 6 days. 

The isolates did not produce germ tubes 
or chlamydospores, Morphology on rice 
extract tween 80 agar showed pseudohyphae 
and blastospores. Arthrospores were absent. 
The Uni-Yeast-Tek plates showed assimilation 
of sucrose, maltose and trehalose. The follow­
ing tests were negative - hydrolysis of urea, 
assimilation of lactose, raffinose, cellobiose, 
starch and nitrate. 

Antibiotic Sensitivity Testing 
Th e sensitivity of C. parapsilosis is totally 

unpredictable and each isolate m ust be tested 
for its level of sensitivity. M inimum inhibitory 
concentrations (MICs) were done on the 
wound swab isolate and the -blood culture 
isolate to 5-fluorocytosine and amphotericin B. 
A sensitive Candida albicans isolate was used 
for -the control. 
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Materials and M ethods 
5-fluorocytosine is inhibited significantly in 

the presence of partially degraded biological 
substances such as commercial peptones, yeast 
extracts and protein digests (Shadomy 1969)~. 
T herefore the basic medium used was Yeast 
Nit rogen broth (Difco ) supplemented with L 
asparagine and dextrose as recommended by 
Shadomy ( 1969 )3. 

Preparation of standard inocu'lum: The 
yeast to be tested and the control C. albicans 
were grown in yeast nitrogen broth (YNB ) at 
37°C for 3i- hours. The broths were then 
diluted to a concentration of 1 x lOS yeast 
cells/ cmm ""ith fu rther YNB (calculated using 
:t Neubauer counting chamber). 

5-fluorocytosine M IC: 5-fluorocytosine was 
diluted in YNB in doubling ililutions to cover 
the range 0.04,.,gjml to l O.O,.,gjml. One drop of 
above standard inoculum was added to each 
dilution and to a growth control tube. The 
test was incubated at 37 °C for 48 h . The MIC 
was read as the lowest concentration showing 
reduction of growth. (Results shown in Table 
I ). 

Amphotericin B M IC : Amphotericin B was 
added to drug free Sabouraud dextrose agar 
in doubling di•lutions to cover the range 
0.02 ,.,gjml to 5.0,.,g/ml. O ne drop of standard 
inoculum was spread over each plate and over 
a growth control plate. T he plates were 
incubated at 37°C for 48 hours. The MIC 
was read as the lowest concentration showing 
reduction of growth. (Results shown in Table 
I ) . 

Test strain 
C. albicans Control 

Table 1 

5-fluorocytosine Amphotericin 
MIC B MIC 

0.08JLg/ ml 
0.08JLg/ ml 

0.6JLg/ ml 
. 16~tg/m l 

An MIC of 6.25,.,.s/ml or less is regarded 
as h ighly sensitive to 5-fluorocytosine and for 
amphotericin B a M IC of 1.0 or less is re­
garded as highly sensitive (K ucers et al, 1975 ) 1

. 

Test FOT S'yneTgism Of Amphotnicin B And 
5-Fluowcytosine 

A chessboard ti tration was set up using 
increasing concentrations of amphotericin B 
0.07-5.0,.,g/ml against increasing concentrations 
of 5-fl uorocytosine O.Ol -0.64,.,g/ml in YNB. 
1 drop of standard inocu•lum of C. parapsilosis 
in YNB was added to each tube. T he tubes 
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were incubated at 37°C for 48 hours and then 
subcultured onto Sabouraud dextrose agar. 
Synergism was seen between the 2 antibiotics. 
(Results shown in Figure 1. ) A combination of 
2 antibiotics is considered to be synergistic when 
the effect observed with the combination is 
greater than the sum of the effects observed 
\\'ith the 2 antibiotics independently. 

Figure I 

;ug/ml Amphotericin B 

0 07 0 1 'i 0 . "5 0 .6 1 .~ 2 .'i 'i.O 

+ + + + + + + -
0 , 01 + + + + + - - -

~ Oo02 
·rl + + + + + - - -
{/) 
0 
+> 0.04 » + + + + + - - -
0 
0 

"' Oo08 0 - - - - - - - -
;:j 
rl 
'+-< 0.16 
I - - - - - - - -

l.f'\ 

rl 0.30 El 

'bo 
~0.6 

- - - - - - - -
- - - - - - - -

+ = growth >20 colonies. 

no growtJ:l or <20 colonies 

Test For Fungicidal Level Of Patient's Serum 
Preclose and postdose sera were diluted in 

Y::"J'B in doubling dilutions 1 :2 to 1 : 128. 1 drop 
of a standard inoculum of C. parajJsilosis in 
YNB was added to each dilution. The tests were 
i:xubated at 37°C for 48 h and the tubes 
were then subcultured onto Sabouraud dex­
trose agar. An adequate level of antibiotic is 
considered to be present in the serum if a 
dilution of 1:4 or greater inhibits growth of 
the test organism. Resu lts: Both predose and 
postdose sera inhibited growth up to the highest 
dilution ( 1:128) . 
Discussion 

Candida species are generally classified as 
members of the normal flora but may cause 
serious disseminated infections. They have be­
come important causes of endocarditis in 
patients with indwelling intravenous catheters, 
patients undergoing cardiovascular surgery, 
drug addicts and patients on immunosuppres-
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sive drugs. Candida infection of a prosthetic or 
homograft valve is an uncommon but danger­
ous complication of cardiac surgery. Record et 
al (197 1) 2 reviewed 3 cases of endocarditis clue 
to Candida species infection, of which 2 we1e 
fata l. The fatal cases were clue to infections on 
prosthetic valves, and the chemotherapy using 
5-ftuorocytosine fai led to eradicate the infection. 

Kucers et al ( 197.5 )1 report that naturally 
occurring strains of Candida species resistant 
to 5-fluorocytosine have been encountered. Re­
sistance is thought to be due to a change in 
the plasma membrane which prevents pene­
tration of the drug into the cell. Stieritz et al 
( 1973) 4 found that development of resistance 
to amphotericin B does not commonly develop 
in vivo or if it does it requires treatment for 
more than 13 clays. 

It is reported by Kucers et al ( 1975) 1 

the synergistic effect of 5-ftuorocytosine and 
amphotericin B against some yeasts is thought 
to result from the action of amphotericin B on 
the plasma membrane which allows the pene­
tration of greater amounts of 5-fluorocytosine. 

The candida precipitin titre represents the 
highest di•lution of serum producing a band 
after reaction with a cytoplasmic or cell wa:ll 
antigen purified from a Candida albicans 
strain which has 'been the cause of systemic 
candidiasis. 

A rising titre of precipitin in serum is be­
lieved to be a reliable indicator of -the presence 
of visceral candidiasis but in this case the 
patient's serum showed candida precipitins were 
only marginally elevated. 
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not reported in the paper as it was decided 
that only minimum inhibitory concentrations 
were of interest. However, the minimum fungi­
cidal concentrations were determined. T he 

MFC of Amphotericin B for the test strain 
was greater than 5,u.g/ml, that is greater than 
the range covered and the MFC of 5-fluoro­
cytosine was O.l6,u.g/ml. 

An in vitro Comparison of the Aminoglycosides Gentamicin, Tobramycin and 
Amikacin by the Disc Diffusion Method 

B. M. Lockwood, FNZJ:\ILT 
Microbiology Department, Public Hospital, Palmerston North 

Recei11ed for jntblication, November 1977 

Introduction 
Over recent years there has been a signifi­

cant increasc in the numbers of strains of bac­
teria resistant to commonly used antibiotics. 
Gram negative bacteria have become a major 
cause of nosocomial infections and in particular 
Pseudomonas aeruginosa with its multiple re­
sistance to the commonly used antibiotics has 
become increasingly prevalent, especially in the 
compromised host. Two ne·w Aminoglycosides 
Tabramycin and Amikacin were introduced to 
Palmerston North Hospital this year ( 1977 ), 
but have only been used once each in clinical 
situations. This study was set up to find the 
selection of strains that has occurred up to now 
and to compare these results with the newer 
virtually unused aminoglycosides Tobramycin 
and Amikacin. 

Materiah and Methods 
Isolates. One hundred consecutive Pseudo­
monas aeruginosa strains wcre isolated from 
urine, pus swabs and sputum from hospitalised 
patients and from specimens referred into the 
hospital over the period April to November 
1977. 

Bacteriolog)'· Gram negati\'e bacilli that were 
motile, catalase positi,·e oxidatively attacked 
glucose, citrate and urease positive and did not 
decarboxylate ornithine or lysine were con­
sidered Pseudomonas aeruginosa. Occasionally 
further identification according to K ing 
( 19 72 ) 4 was required. 

Sensitivit~' Testing. Sensitivity or resistance to 
the aminoglycoside was performed by the CDS 
method of Bell (1975) 1 . A straight wire inocu­
lum of the bacterial colony was emulsified in 
2.5ml of saline to give a concentration of 

approximately 10G-1Qi viable cells/mi. Sensi­
tivity Test Agar plates (BBL) were flooded 
with the test suspension and the excess fluid 
removed. The plates were allowed to dry at 
room temperature for 15-4-5 minutes. lOmcg 
concentration discs of Gentamicin, Tobramycin 
and Amikacin were placed on the plates and 
incubated overnight at 36.5°C. The zones of 
inhibition were read to the nearest 0.5mm. 

Results 

The results of the sensitivity tests are shown 
in Figure 1. Tobramycin gave consistently 
larger zone sizes than Gentamicin or Amikacin. 
In general Gentamicin and Amikacin gave 
similar zones. Tobramycin gave larger zones 
than Amikacin with all thc isolates tested. In 
only two cases did Gentamicin give larger 
zones than Tobramycin and in one case the 
same diameter of inhibition. The average zone 
diameters were Tobramycin 25mm, Gentamicin 
1911lm and Amikacin 18.5mm. Taking a zone 
size of 14mm or more as meaning susceptible 
for Tobramycin and 13mm or more as mean­
ing susceptible for Gentamicin and Amikacin3, 

11 % of Pseudomonas anuginosa strains were 
resistant to Amikacin, 9% to Gentamicin and 
1% to Tobramycin. Moreover, another 10% of 
strains had zone diamC'ters less th;:~n 2mm from 
the cut-off point, for Amikacin, 8% for Genta­
micin and 1% for Tobramycin. Zone sizes for 
Gentamicin ranged from 9 to 31mm, Tobramy­
cin 11 to 34mm and Amikacin 9 to 31.5mm. 

Discussion 
This study shows a surprisingly high per­

centage of strains of Ps. aeruginosa resistant to 
Amikacin. The most likely explanation for this 
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Figure 1. Compa1·ison of Aminoglycoside Scnsitivitk·> 

is cross resistance between Gentamicin and 
Amikacin. This lack of cross resistance between 
Gentamicin and Tobramycin is in agreement 
with the work of Uwayclah (1975) 7 . The find­
ings in this study are in agreement with other 
workers who have found Ps. aeruginosa more 
sensitive to Tobramycin than Gentamicin, Britt 
et al (1972) 3, Lockwood and Lawson (1973)\ 
Traub and Raymond ( 1972) 6, and Water­
worth ( 1972) 8. Since serum levels for Genta­
micin and Tobramycin are similar, "Cwaydah 
et al ( 1975) 7, the use of Tobramycin from an 
in vitro point of Yiew merits serious considera­
tion. 

Summary 
The elise diffusion method in this study has 

shown that Tobramycin has greater in vitro 
activity against Ps. aeruginosa strains isolated 
in this hospital. 11 % of strains were resistant 

to Amikacin, 9% to Gentamicin and 1% to 
Tobramycin. Cross resistance between Genta­
micin and Amikacin occurred in most of the 
resistant strains tested. 
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Introduction 
Cystyl aminopeptidase (C.\S, E.C., 3.4.1.10) 

activity was first di scovered by Fekete8 in 1930, 
when it was observed that an extract from the 
posterior pituitary, consisting predominantly of 
oxytocin, lost its oxytocic properties when incu­
bated with plasma from pregnant \\'Omen. The 
same preparation incubated willh plasma from 
non-pregnant women did not have this property. 

More recently CAS activity has been used as 
an index of placental function . 

Source 
CAS has been shown to be secreted into the 

intervillous spaces by the syncytiotrophoblast, 
using immunohistochemical techniques.17 

Whilst non-pregnancy plasma has some amino­
peptidase activity, this is due to leucine amino­
peptidase. No CAS activity has been detected 
in non-pregnancy plasma. Levels of CAS 
activity continue to rise after ligation of the 
umbilical cord indicating that it is placental 
in origin. 

Structure 
CAS is a glycoprotein with a molecular 

weight of 300,000 and has a high content of 
carbohydrate residues.21 Two isoenzymes of 
CAS exist in the plasma and can be separated 
using polyacrylamide gel electrophoresis. Both 
isoenzymes differ in pH optimum and substrate 
affinity. 

Function 
The role of CAS is poorly defined. It wi·ll 

attack oxytocin, cleaving the amide bond be­
tween the N-terminal cystine and adjacent 
tyrosine, thereby rendering oxytocin inactive. zo 
Hence its synonym oxytocinase. Ho\\·ever, in 
vivo it does not appear to inactivate circulatory 
oxytocin. No variation in the levels of CAS 
activity are found at the onset or during labour. 
A tissue bound CAS isoenzyme has been des­
cribed, located in placental tissue ; this isoen­
zyme has been shown to inactivate circulatmy 
oxytocin.3 

Assay 
C. \S activity may bP assayed using a "·ide 

\'ariety of substrates. The substrates commonly 
used are shown in Table I . The hydrolysis pro­
duct (3-naphthylamine is a lmovm carcinogen 
and should not be introduced into hospital 
la:boratories.4 One further problem is the re­
activity with both CAS isoenzymes; of the five 
commonly used substrates, only S-benzyl-L­
cystine-4'-nitroanilide appears to react equallv 
with both isoenzymes. 
Substrate Carcinogen Cas-1 Oas-2 
L- Cystine-2-

Na.phthylamine Yes Yes Partial 
L--Cystine- 4-

Nitroaniline No Yes Partial 
L-Cystine- Di-2'-

• aphthylarn ide Yes Yes Partial 
S- Benzyl- Cysteine-2' 

-Naphthylarnide Yes Yes Partial 
S-Benzyi-L-Cysteine-

4' -~i.troan11ide ~0 Yes Yes 
Table I : Commonly used cystyl-aminopeptidase sub­
strates, indicating carcinogenicity of the reaction 
product and the relative reactivity of the isoenzymf's 

with the respective substrates. 

There are a number of methods for the 
assay of CAS in the li terature, however, two 
have been found to work particularly well in 
the author's laboratory. The reaction rate 
method of To\'ey et aJl 0 and the end-point 
method of Durham 7 When compared against 
each other a correlation coefficient of 0.962 
was obtained. An important point regarding 
CAS activity is the change in optimum assay 
pH during the course of pregnancy. K limek 
has shown that pH optimum of CAS changes 
from pH6.0 in the first trimester to pH7.8 in 
the third. 11 It is thought that this may be due 
to a change in the ratio of the isoenzymes. 

Chard et al have developed a method which 
measures the destruction of 131 I •labelled oxy­
tocin by measuring its ability to bind to speci­
fied oxytocin antibody. 0 It is doubtful whether 
this particular technique would replace the 
more conventional and technically easier spec­
trophotometric techniques. 
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Clinical Significance 
Normal Pregnancy 

CAS activity can be first measured at about 
the fi fth week of pregnancy and increases in 
activity towards term (Figure 1). It is recom­
mended that the CAS activity in an individual 
should be followed as these tend to follow a 
trend either above or below the population 
mean. T here is a secondary relationship be­
tween CAS activity and placental weight. CAS 
activity decreases by 50% in 72 hours post­
partum but may have a secondary peak.9 

Prolonged Pregnancy 
In p regnancies which go beyond 40 weeks 

gestation, CAS activity may continue to rise 
or falJ.l2• 16 

Multiple Pregnancies 
Levels of CAS activity are usually above the 

upper ],imit of normal (Figure 2). T his re­
lates to placental mass. 

Abnormal Pregnancies 
Threatened A bortion 

In threatened abortion which is due to 
placental dysfunction C:\S activity fa ll s rapidly 
(Figure 3) . Abortion may occur with normal 
CAS activity when the placenta is healthy. This 
refl ects the difference b etween p'lacental func­
tion and foetal function testing. 

Foetal Death 
In cases of foetal death where the cause is 

not directly related to placental dysfunction, 
Tovey reports CAS activity remaining normal 
for up to five weeks after the estimated time of 
deauh.18 If placental dysfunction was the cause 
of foetal death, then CAS activity falls rapidly 
prior to foetal death.1• 18 

Diabetes Mellitus 
CAS acti\'ity rises more rapidly in patients 

vvith diabetes mellitus, this may reflect the 
rapid increase in placental mass .5 CAS activity 
is unaffected by high plasma glucose concen­
tra tion.14· 

Intrauterine Growth Retardation 
When intrauterine growth retardation is 

secondary to placental insufficiency, serial CAS 
activity assays are low. Petrucco et al concluded 
that serial CAS activity assays after 28 weeks 
gestation were superior to serial urinary oestro­
gens in the prediction of intrauterine growth 
retardation.l 5. Once again if placentaJl m ass is 
low, C:\ S activity will, in general, be low. 
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Hypertension and Toxaemia 
In pregnancies complicated by hypertension 

where the foetus growth is retarded, CAS 
activity is usually low. In mild toxaemia little 
change from the normal CAS activity trend is 
seen. In patients suffering from moderate or 
severe toxaemia low CAS activity is usually seen, 
although the differences are not always signi­
ficant in individual patients.10 Intrauterine foetal 
death usually results in patients with toxaemia 
who have decreasing CAS activity.2 Tovey, has 
reported that patients v1·ith toxaemia whose 
CAS activity failed to rise, all had infants with 
some degree of dysmaturity.18 

Foetal Abnormalities 
In the author's laboratory plasma CAS 

activity was found to be normal in patients 
who subsequently delivered infants suffering 
from spina bifida, anencephaly, Trisomy 17 
and 21, Potters syndrome, and prune belly 
(Triad) syndrome. T hese ~ndings help to con­
firm that the foetus is not the origin of CAS 
during pregnancy. 

Comparison With Human :Placental Lactogen 
and Urinary Oestrogens 

When compared with human placental lac­
togen (HPL) a correlation coefficient of 0.758 
is obtained. However, there are some differences 
in the results. HPL results are far more reliable 
in predicting threatened abortion, foetal dis­
tress and neonatal asphyxia.13 

In the author's laboratory a poor correlation 
has been found between CAS activity and 
urinary oestrogen assays in normal pregnancies. 
This probably ref.lects that the two methods are 
measuring quite different parameters. A better 
correlation between the two assays is found 
when the urinary oestrogens are sub-normal. 
Neither test can substitute for each other. 

Conclusion 
As with HPL the advantages of CAS activity 

determinations are in the speed by which re­
sults can be produced. 

CAS activity appears to be reliable in pre­
dicting placental dysfunction and also relates 
to placental mass, thereby giving some indica­
tion of foetal growth . In order to obtain an 
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adequate picture with respect to the condition 
of the foetus and placenta it is imperative that 
urinary oestrogens complement CAS activity 
measurements. 

The existence of two isoenzymes warrants 
investigation as one predominates in the first 
trimester and differs in its reaction kinetics to 
the other CAS isoenzyme predominating the 
third trimester. 

As with other tests of foetal placental function 
the trend must be studied using serial assays. 
Normal CAS activity does not necessarily mean 
a normal foetus and may give a false sense of 
security in some at risk patients. It is imperative, 
therefore, that CAS activity is measured in con­
junction with urinary oestrogens. 
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Summary 
A semi-solid agar culture system has been 

uti lised to study the colony-forming ability of 
ten patients with acute non-lymphoblastic 
leukaemia. Marrow aspirates have been cul­
tured serially over the remission-induction 
period until the death of the patient occurred 
or a partial or complete remission was 
achieved. 

Seven of the ten patients have been studied 
from the time of initial diagnosis, one patient 
from the time of clinical relapse and the re­
maining two being followed from the first 
remission-induction course of chemotherapy. 

At the initial culture, only one patient 
showed any ability to produce colonies and in 
this case the number was reduced. The re­
mammg nine patients either produced a 
variable number of clusters or showed no 
cluster or colony growth. 

Two patients achieved a sta:ble remission 
lasting more than seven months, three patients 
showed improvement of haematologic elements 
but relapsed within several months and the re­
mainder showed no recovery at aH in haema­
tologic parameters. 

The repeated observation of granulocyte 
colony-forming ability appears to distinguish a 
patient ·whose remission will be lasting from 
those patients who show infrequent or no 
colony-fom1ing ability and do not obtain a 
stable remission. 

Introduction 
In normal bone marrow the committed pro­

genitor cells of the granu'locyte series and in 
part the macrophage-monocytic series prolifer­
ate in semi-solid agar in the presence of colony 
stimulating factor ( CSF) to form aggregates 
of cells. 7 Aggrega tes containing more than 40 
cells are called colonies and those aggregates 
containing 5-40 cells are called clusters. The 
myeloid progenitor cells which form colonies 
in vitro have been called colony forming units 
(CFU-C) 5 . The majority of colonies are com-

posed of granulocytes, 90% of the cells being 
either band forms or mature neutrophils, after 
seven clays incubation. A small number of 
monocytes are found in these aggregates. The 
clusters and colonies are of the same cell type; 
the cluster forming cells being derived from 
the myeloid progenitor ce'll compartment.8 

The most generally accepted explana;tion for 
the absence of CFU-C at the time of diagnosis 
of acute non-lymphoblastic leukaemia is that 
t!he leukaemic cells exert an inhibitory effect 
either directly on the CFU-C population or at 
a more primitive cell leveJ.9, 2 

At the time of remission colony formation 
returns, often to a higher level than norma!!. At 
the time of relapse the colony numbers fall to 
low or zero values, the fall in CFU-C num­
bers usually preceding clinical relapse by 
several weeks to a month. 

Materials and Methods 
The patients in this study are those from 

whom we were able to obtain serial manow 
aspirates from the time of patient admission 
to either remission or death. 

The culture medium used throughout this 
study is a modified Eagles medium enriched 
with 20% serum, the contents of the medium 
being shown in Table 1. 

Bone marrow samples were collected into 
sterile, capped bottles containing 2m! of 6% 
dextran in saline with 1% sodium heparin 
(preservative-free, sigma) being added so that 
the final concentration of heparin plus bone 
marrow did not excPed 25 u/ ml. T he aspirates 
were left to stand at room temperature for the 
cells to settle. The nucleated cells plus plasma 
were removed and cultured as previously des­
cribed, !l, 3 with minor modifications. Briefly, 
the nucleated marrow cells were cultured in 
agar-Eagles modified medium at a concentra­
tion of 200,000 cells/ mi. These overlays are 
stimulated by previously prepared underlays 
consisting of agar-Eagles modified medium con­
taining normal peripheral blood leucocytes at 
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a concentration of 1,000,000 cells/mi. In the 
preparation of the overlays, 0.6% agar is mixed 
with equal volumes of Eagles medium to give 
a final agar concentration o£ 0.3%. In the 
preparation of the underlays, 1% agar is mixed 
with equal volumes of Eagles medium to give 
a final agar concentration of 0.5 %. The cul­
tures are incubated in a water-jacketed National 
incubator in an atmosphere of 10% C02 in air 
\\'hich is fully humidified. The plates are scored 
at 7 and 12 days using a stereo dissecting micro­
scope at x40 magnification. 

Table I 
Contents of medium for agar culture 
" Gibco" Dulbeccor Modified Eagles 

Medium lOg (1PK) 
Deionized distilled water 215m! 
L-A~patagine 6.6mg/ml (Final cone. 

201-'g/ml) 3.0ml 
Deae Dextran 501-'g/ml (Final cone. 

751-'g/ml ) 1.5ml 
Sodium bicarbonate 2.8% 175m! 

Millipore filter (0.221-' membrane) 
*Horse serum 63ml 
Foetal ca:lf serum 187.5ml 

Store at 4°C up to one week. 
* Not heat inactivated 

Lab ora tol'ies) 
Foetal Calf Serum 
Auckland) 

Results 

(Commonwealth Serum 

(Laboratory Services, 

The initial bone marrow data on the 10 
patients is presented in Table II. The data on 
Patient TH was obtained at the time of re­
lapse, SH and OM being at the end of their 
first block of chemotherapy. The data on the 
remaining patients was obtained at the time 
of initial diagnosis. 

Eight of the patients had hypcrcellular 
marrows, \\'ith the majority of cells being blasts 
(see Table II ) . '"' ith the exception of one 
patient, colony formation in agar culture was 
absent, although cluster formation was vari­
able. Patient RL showed colony forming ability 
although the number of colonies was very 
much reduced when compared to a normal 
marro-w. 

As a control group, aspirates from 38 hospital 
patients with non-leukaemic marrows were cul­
tured. They demonstrated satisfactory colony 
forming ability with normal cluster to colony 
ratios. T he results from this control group are 
~hown in Table III, with the range of results 
from the leukaemic patients included. The 
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Table II 

Pretreatment data of 10 patients with acute non­
lymphoblastic leukaemia 

Patient Age/Sex Initial Marrow Cultut·e Pattem 
Marrow 

B.W. 
H .S. 
R.O. 
O.M. 

G.P. 
M.K. 
H. B. 
R.L. 
SH. 
T.H. 

Blast % Cellularity Colonies Clusters 
M/42 40 Normocellu1ar 0 578 
M/47 85 Hypercellular 0 0 
M/55 90 Hypercellular 0 0 
M/53 Erythro- Hypercellular 0 0 

leukaemia 
F/56 90 Hypercellu1ar 0 
M/69 95 Hypercellular 0 
M/65 30 Normocellular 0 
M/47 50 Hypercellular 8 
M/72 90 Hypercellu·Iar 0 
M/27 80 Hypercellular 0 

Table III 

26 
0 
0 

99 
() 

0 

Control Group of 38 Patients and Initial Data on 
Patients with Acute Non-lymphoblastic Leukaemia 

Colonies Clusters Cluster Ratio 
Colony 

Control 7-254 32-550 1.1- 15.6 
Group (Mean 45.4) (Mean 167.5) (Mean 5.0) 

Acute 
non-lymphoblastic 
leukaemia group 

0-8 0- 578 

Table IV 
Days to Recovery of Colony Formation and 

Haemopoictic Elements 
Patient Days to return Days to Days of Hae-

H.B. 
R.O. 
B.W. 
G.P. 
O.M. 

Mean 

of colonies normal blood matologic 

-12 
58 
"10 
99 
46 

57 clays 

and marrow 
elements 

50 
76 
86 
58 
71 

remission 

17 
128 
117 

7 months 
7 months 

~ifean = 68 clays. 

marro\\- aspirates from the 10 patients were 
cultured serially throug-hout the remission in­
duction period, usual\ )' at 1-2 week intervals. 
\Vhile receiving intensive chemotherapy, 
patients HS, MK, RL, SL, and TI-l showed 
no return of colonies, no haematological 
imp;o~rement and died without achieving 
remiSSIOn. 

Data of patients showing a return of colonies 
in agar culture during the remission induction 
period is shown in Table IV. T he results 
demonstrate that the time taken for return of 
colony forming ability following the commence­
ment of chemotherapy is variable and does not 
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Tab le V 

CULTURE RESULTS OF PAT lENTS 0. M., H. B. H. S. DURING REMISS ION INDUCTION 

Pat ient Days from commencement Colon ies Clu sters C I usters Marrow Status of Chemotherapy Co lonies 

O.M 3 0 
13 0 
28 0 
46 116 
60 1 
65 55 
91 225 

126 214 
H. B. 5 0 

16 0 
29 0 
42 20 
47 0 
55 61 
88 0 

136 0 
163 0 

H. S. 9 0 
20 0 
27 0 
32 4 
43 0 

Aspirates cu ltured 1 or 2 weeks apart. 

appear to be related to the length of remission, 
although the number of patients studied is 
small. 

Patients HB, RO, BW, in Table IV showed 
a return of colony formation fo1lowing chemo­
therapy and showed haematological recovery 
of peripheral blood and bone marrow. How­
ever, the colony forming cells did not persist 
for more than 21 days and these patients re­
lapsed within a relatively short space of time. 
Patients GP and OM in Table IV aahieved a 
sta~ble remission and are still in remission at 
this point, the length of remission being 
greater than 6 months. The mean number of 
days from the commencement of remission­
induction therapy to the appearance of colonies 
in culture was 57 days, for the five patients. 
The mean number of days to normal marrow 
and b lood elements was 68 days. 

0 
3 
0 

912 
771 
520 
134 
36 
0 
0 
0 

420 
506 
318 

0 
56 
80 
0 
4 
9 
6 
0 

Toxic cha nges 
Hypocellular, blasts increased 
Hypocell ula r, blasts increased 

7. 8 Hypercellular, blasts 3% 
771 Normocellular, blasts 5% 
9.4 Normocellular, blasts 3% 
0.6 Hypercellular, blasts 5% 
0. 16 Hyperce llular, blasts 3% 

Hypercellular, blasts increased 
Hypocell ular, blasts increased 
Hypocell ula r 

21 Normocellula r, blasts 2% 

5. 2 Normocellular , bla sts 2% 
Mildly hypocellular, blasts normal 
Mi ldly hypoce ll ular, blasts norma l 
Mi ldly hypoce llular, blasts normal 
Hyperce llular, blasts increased 

Hyperce llular, blasts increased 
Normocel lular, blasts mildly increased 
Moderately cellu lar, blasts increa sed 

Patient OM showed colonies in culture on 
three consecutive occasions and is presented in 
Table V. The data on patients OM, HB and 
HS is presented in detail to demonstrate several 
different patterns of results which we have 
obtained. Patient HB is presented as an example 
of the return of colony formation being inter­
mittent and temporary. Patient HS showed 
complete absence of colony formation during 
the remission-induction period with no haema­
tologic remission being achieved. 

No direct correlation between the numbers 
of colonies or clusters in culture and the absolute 
number of neutrophils or platelets in the peri­
pheral blood was demonstrated. However, in 
studying the patients individually the recovery 
to normal of the neutrophil and platelet counts 
generally lagged behind the recovery of colony 
formation in culture in varying degrees. 
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Discussion 
The myeloid progenitor cells which fom1 

colonies in vitro have been called colony form­
ing units- cul ture (CFU-C) 8 . In adult acute 
myeloid leukaemia, a:bnormalities of CFU-C 
proliferation frequency and cliff erentiation 
occur. 4 The leukaemic origin of clusters in cul­
ture in marrow of leukaemic patients has been 
demonstrated by abnormal morphology, 
buoyant density and cytogenetic anaJlysis. 4 

.\t the time of diagnosis, colony formation in 
culture is infrequent but cluster fom1ation is 
\'ariable, with up to 16,000 clusters per plate 
being observed in one of our patients (un­
published data), the majority of these clusters 
containing 15 cells or less. 

During the remission induction period, other 
workers have shown that a demonstration of 
response to chemotherapy in the form of a 
return of colony formation in agar may occur 
at a time when the bone marrow morphology 
does not necessarily show the persistence of 
leukaemia or a regeneration of normal 
elements. a 

T he data presented in this paper shows that 
in our patients a stable remission was not 
achie,·ed un less a return of colony formin g 
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abi li ty was serially demonstrated during the 
remission induction In the absence of a return 
of colony formation with serial culture for a 
period of up to 8-10 weeks following the 
commencement of chemotherapy, bone marrow 
hypoplasia persisted and the patients died. The 
in vitro-cu lture technique appears to be pre­
dictive of final clinical outcome when serial 
cultures are carried out over a period of the 
initial 4-10 weeks of remission induction. 

REFERENCES 
I. Bull, .J. M., Duttera, .J. ]., Northrup, .J. D., 

Henderson , E. S.. Stachick, E . and Carbone, 
P. P. ( 1973), Blood 42, 679. 

2. Knudtzon, S. and Mortenson, B. T. ( 1976), 
S cand. ]. H aematol. 17, 369. 

3. McCullough, .J. and Postlewaight, B. F . ( 1977). 
N.Z . .f. med. Lab. Technol. 31, 39. 

4. Metcalf, D. and Moore, M. A. S. ( 1973) , 
.f. Natl . Cance?'. Inst. 50, 603. 

5. Moore, M. A. S. , Spitzer, G., Williams, N., 
Metcalf, D. and Buckley, J. ( 1974 ), Blood 44, !. 

6. P·ike, B. and Robinson, W. ( 1970 ), J. Cell. Physiol. 
76, 77. 

7. Spitzer, G., Dicke, K. A., Gehan, E. A., Smith, 
T., McCredie. K. B., Barlogie, B. and Freireich, 
E. J. ( 1976) . Blood 46, 795 . 

8. Spitzer G., Dicke, K. A., McCredie, K. B. and 
Barlogie, B. ( 1977 ), Brit.]. Haematol. 35, 4 11. 

9. Spitzer, G., Schwarz. M. A., Dicke, K. A. 
Truj illo, J. M. and McCredie, K. B ( 1976 ), 
Blood Cells 2, 149. 

Technical Communications 
A Simple 7 Parameter Haem a to logy Quality Control Blood 

With the increasing use of automated cell 
counters in Haematology there is also a need 
for standardisation and quality control. 

There are many commercial " 7 parametrr ' ' 
blood standards on the market and v>hile these 
may be of a good quality with good repro­
ducibili ty they arc also expensive. 

We have used the following method for some 
considerable time as a secondary standard to 
one of the commercial standards and ha,·e 
found it to be most reliable. 

Principle 
.\ stabilised suspension of ervthrocvtes and 

white blood ce<lls is made such that when used 
for either electronic or manual cell counting 
the product will give reproducible results for 
at least 30 days, and in practice up to 45 clays, 
of the following parameters. 
(a) Red blood cel1ls 
(b ) White blood cells 

/1012 / litre 
/ 10° / li tre 

(c) Haemoglobin 
(d ) Haematocrit packed cell 

\'olume 
(c ) Mean corpuscular 

haemoglobin 
(f ) Mean cell volume 
(g ) Mean corvuscular 

haemog'lobin concentration 

Preparation 
I WBC SusjJrnsion PrejJaration 

/ gm / decili tre 

% 

/ picrograms 
/ femtolitre 

/ g litre 

(a ) Take 100 ml of Bank blood, not more 
than 21 da\'s old, and \Vash 5 times with 
normal saline to remove proteins. 

(b ) To the packed cells add normal saline 
and mix thoroughl'y so that the cells are 
not clumped or aggregated. Make up 
the volume to 100 mi. 

(c) To 600 ml of 10% neutral forma lin 1 add 
slowlr the 100 ml of suspended RBCs 
and allow the whole to mix on a m ag-
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II 

netic stirrer for 24 hours. 
(d ) Centrifuge the suspension and " ·ash 

this 3 times wiuh normal saline to 
remove the formalin. Be sure the cell 
aggregates are well separated. 

(e) Resuspend the cells with an equal 
volume of isotonic diluent as used in an 
automated cell counter. 
T his now has produced a stabi11ised 
WBC suspension, of formalised RBCs 
which will not lyse when a lysing 
reagent is added. 

(a) Take 1 litre (or quantity required) of 
outdated Bank blood and filter this 
through several (at least 6) layers of 
4in x 4in gauze- Johnson and Johnson 
or similar. T his is to remove any small 
clots. 

(b) Mix thoroughly but gently on a mag­
netic stirrer for 30-45 minutes. 
This has now produced a RBC sus­
pension which will give consistent and 
reproducible results for the 6 para­
meters other than WBCs. 

III To produce the final product, which is a 
combination of I and II above, proceed 
as follows. 
(a) Dete1mine the cell count of the 

stabilised WBC suspension as pro­
duced in I (e) above by making a 1 : 2 
dilution of the suspension in isotonic 
diluent and reading this on the cell 
counter on the RBC parameter. 
e.g. If the cell count is 1.8/ 1012 litre 
then the original suspension has a 
count of 3.6/ 1012 litre. 

(b ) To obtain a 'VBC of approximately 
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10,000/ 106 litre use the following 
fmmula. 
To a li tre of the RBC suspension ob­
tained in II add the following amount 
of the original WBC suspension 
prepared. 

10 
cell count obtained 

e.g. 10 
3.6/ 10" litre 

ml of WBC suspen­
sion to add 

2.77 ml of WBC 
suspension to add per 
litre of RBC sus­
pension. 

(c) Add the required amount of WBC sus­
pension as dete1mined above to the 
litre of RBC suspension and mix on a 
magnetic stirrer slowly for 1 hour to 
allow for even distribution of the cells. 

IV T his final product can now be dispensed 
into suitable sterile containers for use as a 
blood standard as required. 
'"'e have found it very reliable as a second­
ary standard, and it can well be used as a 
primary standard if well standardised 
against one of the commercial control 
products. 

I 10% neutral formalin (2 litres ) 
(a ) 1. 7 litres of distilled H 20 
(•b) .19 litres of reagent grade 

forma ldehyde 37% (HCHO) 
(c ) 7.64 gm of sodium phosphate 

monobasic (l'\aH2PO.,H20) 
(d ) 23.2 75 gm of sodium phosphate 

dibasic ( !'\a~HP0 1 7H20) 
October. 1977 

C . S. Shepherd 
H aematolog}' Department 

Hamilton M edical Laboratory 

Faecal Tryptic Activity - A Source of Error 

A term female neonate weighing 2,090g was 
delivered at this hospital after induction. Clini­
cal. impressions were that she was a com­
promised small for gestational age infant. No 
meconium was passed up to 48 hrs post 
delivery, and a barium enema was given which 
revea1led a meconium •block in the low large 
bowel. 

A provisional diagnosis of Hirschprung's 
Disease or meconium ileus was made. At lapa­
rotomy an ileal atresia was found and was 

corrected. 
T he infant pro~Tessed well then suddenly 

deteriorated 48 hour post-operatively, with 
abdominal distension and bile stained vomiting. 
At 72h post operation no visible trace of the 
barium enema were seen in small bowel 
motions. Over a period of 48 hours the infant 
made variable progress and the possibility of 
cystic fibrosis was considered. A faeces speci­
men was obtained, at 106 hour post-operation, 
and tryptic activity was determined using the 
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X-ray film technique. 2 A result of less than 1 in 
5 was obtained which indicated the possibility 
of fibrocystic disease, however, immuno­
chemical detection of albumin, trypsin and 
chymotrypsin indicated normal results. Up to 
this time very little faecal material had been 
passed per rectum.. At 130 hours post opera­
tion the infant was progressing well and was 
passing normal, soft faeces. At 154 hours post 
operation a second faecal specimen was col­
lected for tryptic activity and ·was greater than 
1 in 80, immunochemical analysis for albumin 
trypsin and chymotrypsin were nonnal. 

The two faecal specimens were tested for the 
presence of barium using an aqueous solution 
of sodium rhodizinate. The first faecal specimen 
gave a reddish brown precipitate indicating the 
presence of barium, the second specimen was 
negative. Burke ( 1961 ) 1 demonstrated that the 
tryptic enzymes were inhibited by certain 
metals one of which was barium. 

Whilst this infant was ill she presented with 
the signs and symptoms of cystic fibrosis and 
a faecal tryptic activity of less than 1 in 5 would 
appear to agree with clinicaJl finding. As sweat 
tests are unreliable in the neonate the only 
technically simple methods available are assess-
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ment of tryptic/ chymotryptic act1v1ty and 
quantitation of albumin, trypsin and chymo­
trypsin preferably by immunochemical tech­
niques. As some 10% of infants with cystic 
fibrosis develop a meetmium ileus it is not un­
reasonable to investigate any gut atresia as a 
potential case of cystic fibrosis. It is important 
therefore, if faecal enzymatic assessments of 
pancreatic function are used that the faecal 
specimens are totally free of any heavy metals 
before using these tests to assist in the diag­
nosis of cystic fibrosis. No effects have been 
observed to date with regard to heavy meta:ls 
interfering with the immunochemical determ­
ination of trypsin and chymotrypsin 
concentration. 
16-1-78 

M. Legge, 
Perinatal Biochemistry Unit, 

Pathology Services, 
Christchurch Women's Hospital, 

Christchuroh, New Zealand. 
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An Investigation of the Cause of Artefactual Atypical Lymphocytes in Routine 
Haematological Blood Films 

Summary 
The use of fans to rapidly cool-air-dry blood 

smears prepared for routine haematological 
examination markedly increases the incidence 
cf artefact atypical lymphocytes. 
Introduction 

The high incidence of atypical lymphocytes 
in the routine blood smears at our haem a tology 
laboratory has caused concern for some time. 
This study was undertaken to determine the 
cause- the following being hypothesised as 
possible causes: staining method (" Hema-Tek " 
system). anticoagulant distortion (EDTA ) 
method of film preparation (fan drying com­
pared with still air drying). A double blind 
technique was used to eliminate personal bias. 
Method 

A total of sixty blood film s -vvere prepared, 
twelve from each of five normal people. From 
each person six films were made from " finger 
prick " blood and six W("re made from EDT A 

anticoagulated blood. Three films from each 
of the above two classes were left to air dry on 
the bench, and the remaining three films from 
each of the two classes were dried using a 
commercial hair drier blowing cold (room 
temperature ) air. Thus there were three films 
each for each of the following four parameters 
from each of five people. 
EDT A SPECIMEN: STILL-AIR DRIED 
EDT A SPECIMEN: FAN BLOWER DRIED 
FINGER PRICK SPECIMEN: 

STILL-AIR DRIED 
FI GER PRICK SPECIMEN: 

FAN BLOWER DRIED 
The sixty films were stained in random order 

using Leishman's stain in a "Hema-Tek" 
staining machine. An independent person code 
nurnbered the fi.lms from 1-60 randomly and 
the films were examined. 

One hundred consecutive lymphocytes were 
differentiated into normal lymphocytes and 
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atypical lymphocytes, for each of the sixty films 
- a total of 6000 lymphocytes. T he criteria 
used to define "atypical lymphocytes" ·were : 

(a) Larger than normal lymphocytes with 
pleomorphic nuclei 

(b) Irregular cell margins with abundant 
cytoplasm which "''as vacuolated, foamy 
or basophilic 

(c) A concentration of basophilia at the 
periphery of the cytoplasm, which 
shaded off tovl'ards the centre. 

Results 

Table 1 
Nwnber of Atypical % 
forms seen in 1500 

lymphs 

STILL-AIR dried fi lms from 
EDT A Specimen 24· .1.6 

FAN dried films from 
EDTA Specimen 259 17 

STILL-AIR dried films from 
FINGER PRICK 
Specimen 21 1.1 

FAN dried films from 
FINGER PRICK 
Specimen 360 24 

N.Z.]. mul. Lab . T echno/., jul)> 1978 

Discussion 
In this study a total of 6,000 lymphocytes 

were classified. Of these, 664 or 11.1% were 
classed as a typical. 

Of these atypical lymphocytes, 619 or 93.3% 
were from films dried with the fan while 45 or 
6.7% were in still-air dried films. This means 
that when the fan is used 10.3% of ·lympho­
cytes are atypical compared with only 0. 75o/o 
in films still-air dried. 

It is pleasing to note that there is little dif­
ference between results obtained from EDT A 
versus finger prick blood, indicating that there 
is little or no anticoagulant related distortion of 
the lymphocytes. Also the results so cleaiily in­
criminate the fan method of drying films that it 
exonerates the staining machine of contributing 
to the problem. 

We have now ceased using the fan to fast 
dry our films and the problem is solved. 
January, 1978 

B. D. Hokin, ANZIMLT, 
Haematology Department, 

Middlemore Hospital, 
Auckland. 

Correspondence 
Sir,-I have read the paper "Evaluation of 

a Serum Latex Pregnancy Test" in the March 
issue of the Journa19, and wish to pass comment 
on it. 

The author states ":\ tube haemagglutina­
tion test is required in the hospital laboratory 
to quantitate HCG levels in patients with 
choriocarcinoma or hydatidiform mole . . the 
tube haemagglutination inhibition test assists in 
the diagnosis of these conditions because of its 
greater sensitiYity and should not be replaced in 
these situations." 

I do not agree \\'ith this statement and I am 
unaware of any evidence either in this paper, or 
elsewhere, which supports it. To distinguish 
patients •vith trophoblastic disease from those 
wi th normal pregnancy requires estimation of 
HCG. In normal pregnancy HCG levels do not 
generally rise above 300,000 iu / 11 while in 
trophoblastic disease levels well above this value 
are found 4 • It would, therefore, seem to me that 
one specification not required of a test used 
for this purpose is high sensitivity. 

One of the references5 (reference 4 in her 
paper) supporting the statement "Latex tests 
are generally not suitable for quantitative assays" 
compares HCG levels found by using both tube 
and latex tests. The reference quotes McGregor 
and others6, who found HCG excretion in 
normal pregnancy to range from 50,000-100,000 
iu/1 using a haemagglutination inhibition pro­
cedure. and Taymor and others8, who found 
levels of 6+,000-110,00 iu/1 using a latex agglu­
tination inhibition procedure. The agreement 
between these two findings is excellent and 
suggests that slide tests give results comparable 
to tube tests for the estimation of HCG. This 
finding is in agreement with published figures 
obtained in our la:boratorf, and elsewhere7• 

I therefore consider that Latex tests are well 
suited to both the detection and estimation of 
HCG in urine samples. Latex tests with a sensi­
tivity equal to tube tests are readily availa.ble8, 

and 'have a high degree of reliability. 
These findings do not support the claims of 

this paper that haemagglutination inhibition 
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tests are " the method of choice for accurate 
quantitative results." 
April, 1978 

M. Killip, 
National Women's Hospital, 

Auckland. 
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Sir,-In reply to M. Killip's letter re commen ts on 
the paper " Evaluation of a Serwn Latex Pregnancy 
Test". 

I agree with the statement that in the case of 
normal pregnancy latex tests are well suited ·to the 
detection of HCG. 

However, we were evaluating a test for use when 
the HCG level is very low, e.g., in cases of threatened 
abortion and follow-up of choriocarcinoma. I agree 
that ·the initial level of HCG in choriocarcinoma 
does not require a sensitive test, but follow-up after 
chemotherapy does, as low levels of HCG are very 
significant. 

The aim of the paper was to evaluate a serum 
latex test which could be easily substituted for a 
urine estimation, giving the same sensitivity as current 
methodology. 

May, 1978. 

Sheryl Young, 
Microbiology Department, 

Christchurch Hospital. 
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A Potential Error in Screening for Galactosaemia 

Galactosaemia is an autosomal recessive 
disease with an approximate incidence of 1 in 
40,000 in Nev1· Zealand. Recently a Caucasian 
female infant was referred to Ohristclhurch 
Women's Hospital at 10 days of age with a 
heart munnur, hepatosplenomelagy and hyper­
bilirubinaemia (bilirubin 220 JLmolflitre). 
Clinically the infant presented as a galacto­
saemia and the urine was tested for reducing 
substances which were positive. Thin layer 
chromatography revealed glucose only, because 
of the similar Rf's of glucose and galactose the 
urine was also incubated with glucose oxidase 
prior to the run, this sample revealed no spots 
at all ; thereby indicating the spot located was 
glucose. 

Relevant blood b iochemistry was as follows: 
pH 7. 11 
Glucose 0.6mmol / 1 (glucose oxidase) . 
Glucose 37.9mmol / l (Auto-analyser, reducing 

sugars). 
Galactose 22.2mmolf'l (galactose oxidase). 
Ketones negative. 

On the basis of the elevated blood galactose 
the infant was diagnosed as a galactosaemia. 

Two considerations sh ould be made on uhe 
examination of the laboratory information. 
1. Although the infant was hypoglycaemic 
(glucose 0.6mmoljlitre by glucose oxidase), the 
auto-analyser glucose showed it to be hyper­
glycaemic. This would be due to the non 
specific reaction of galactose and perhaps other 
reducing sugars present in the infants blood. 
2. The generally accepted technique of con­
firming that the positive reducing substances 

reaction in the urine was attributable to galac­
tose failed. No galactose was detected by thin 
layer chromatography, galactose oxidase im­
pregnated paper strips or by quantitation using 
a galactose oxidase method. 

\Vith regards to item 2, the infant had not 
received a milk feed for approximately six 
hours. As galactose is rapidly excreted in the 
urine this would probably account for the in­
ability to detect it in the urine. In an attempt 
to resolve this problem a gas chromatographic 
technique1 was used to identify the hexitol, 
galactitol which is formed by an alterna:tive 
metabolic pathway from galactose. Galactitol 
was identified in uhe urine from this infant 
thereby confirming the diagnosis of galactosae­
rnia. T he absence of galactose-1-phosphate 
uridyl transferase activity also confirmed the 
diagnosis. 

I t is vital, therefore, that specific, sensitive 
tests should be used to identify metabolic prob­
lems such as galactosaemia and that the COJ'{ect 
specimens are collected. This infant copld 
have been diagnosed as a non-ketotic hypergly­
caernia with no indica tion of the true diagnosis, 
galactosaemia. 
30-10-77 

M. Legge, 
Perinatal Biochemistry Unit, 

Pathology Services, 
Christchurch Women's Hospital, 

Chri5tchurch. Tew Zealand. 
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Book Reviews 

Training in Medical Laboratory Technology 
for Islands in the South Pacific. Marilyn M. 
Eales, FNZIMLT. Project for the IMLS 
Certificate in Medical Laboratory Manage­
ment, 1976. A copy of th is project has 
been presented to the NZIML T Library. 

"The objective of this project is to provide 
guidelines for a training programme in Medical 
Lab oratory Technology for the islands and 
territories in the M elanesian, Polynesian and 
M icronesian sectors of the South Pacific O cean . 

The author has spent four years on medical 
laboratory teohnology assignments in the area 
of the Pacific. The observations and ideas 
presented in this project are based on personal 
experience and on the experience of colleagues 
and friends working in the area." 

The introduction immediately makes the 
point that only relevant international experi­
ence should be transferred to developing coun­
tries and her thesis develops this theme and 
attempts to engender by precept and example 



ORTHO* 
Clinical chemistry controls ... 

• All material is of human origin and lyophilised. 
• Good serum clarity. 
• Vial-to-vial reproducibility. 
• Assay values are organised by constituent for easy reference. 
• Wide range of assay methods. 
• Vials packed in moisture-proof protective tray which is easily 

stacked and stored. 

• Vials and packages are colour coded. 

SET YOUR STANDARDS WITH ORTHO CLINICAL CHEMISTRY CONTROLS .. THE STANDARD OF EXCELLENCE. 

OR THO 
Elevated 
liptds Control 
Serum 

OATHO OATHO 
Elevated Spinal Flwd 
Bilirubin Control Control 
Serum 

OATHO OATHO 
Normal & K~nettc Test 
Elevated Control Set 
Enzyme Control I. II, Ill 
Serums 

ORTHO ORTHO ORTHO ORTHO ORTHO 
Normal & Normal & Automated Control Unnes RIA Control 
Abnormal Abnormal Reference 1&11 Serums 
Control Sen1ms Control Serums Serum I, Il, lll&IV 
Assayed Unassayed 

Distributed by ETHNOR PTY. LTD. 27 Crowhurst St. P.O. Box 9222 Newmarket , Auckland. Ph.543755. 

·rrademark r 0.0. 1975 



The key to the speed and 
accuracy of theACS 1000 is 

already in your lab. 
Your technologists. They've been trained 
to identify white blood cells. But then they 
have to bend over a scope eight hours a 
day. Transcribe the count by hand. And 
wait around for a supervisor to check 

productivity but doesn't sacri­
fice accuracy. Instead of squint­

ing into a scope, the ACS 
offers a color TV presenta­
tion with magnification 
up to 2500X.Transcrip­
tion errors are elimi-

any unusual cell structure. 
T hat's a waste 
of time, money 
and talent. Not 
to mention that 
it's also a literal 
pain in the neck 
and probably con­
tributes to the · 
turnover in hema­
tology labs. 

Honeywell's 
ACS 1000 computer­
ized scanning system 
performs the tedious, 
fatiguing part of cliff counting-finding 
and presenting WBC's. That's what it 
does best. It frees your techs to do what 
they do best. The skilled work of cell 
identification. The techs choose the 
speed that's comfortable for them, up to 
100 cells every 36 seconds. T he result 
is a cost-effective system that improves 

,- ticket printer that 
"/ nated by a hard-copy 

I automatically converts 
the cliff into percent-

\ ages. There's an X-Y 
_ \ . ~ , coordinate recall sys­

that can relocate 
any unusual cell 
structure later 

in the day or later 
in the year. On any ACS. 

And the ACS can be hooked 
up to external TV monitors for 

group teaching. For more information 
or to arrange for a demonstration and 
work flow I cost savings analysis, 
write to Ken Kirkby 
Honeywell Clinical Instruments, 
Post Office Box 5703, 
Auckland. 

WE'LL SHOW YOU A BEnER WAY. 

Honeywell 



N .Z.]. m.ed. Lab. Tec hno!., Jul)' 1978 

vlhat constitutes relevant experience. Too often 
prestige bui ldings and equipment are sought 
after in emulation of developed nations. India 
is quoted as an example of a country where 
doctors congregate in the cities, having been 
trained to meet the needs of a London Teach­
ing Hospital, and are reluctant to work in 
primitive areas in dire need of medical assist­
ance and of preventive medicine. This is con­
trasted with the effectiveness of the "barefoot 
doctor " in China known and tmsted by his 
fellow workers. The application of simple 
remedies for t1he common ailments constitutes 
the base of the skill pyramid visualised by 
Maurice King, Professor of Social Medicine, 
University of Zambia. This is arranged in a 
hierarchical manner with rhe relatively few with 
most skills at the top. Skill is disseminated 
downwards on 11he basis that tasks should be 
performed by the least expensive member of 
1!he team capable of doing it. Surely a lesson 
here with more general application! T he medi­
cal teohnology training programme outlined in 
the p roject is designed as a skill pyramid. 

Condi tions in the Islands are discussed and 
problems related to health care. Cultural hack­
ground and beliefs, geography and the admin­
istration are all major factors. The various 
approaches to training are described. These are 
seldom appropriate and the tendency to send 
people to overseas laboratories or sophisticated 
courses is deprecated. Knowledge of the latest 
techniques or equipment may have little prac­
tical application. People giving instruction must 
be carefully chosen. They must have a clear 
idea of the objectives and their limitation. 
They must be able to make themselves under­
stood, be accepted, understand their pupils who 
may have had a very elementary education, 
speak little English and react unexpectedly be­
cause of a different cultural background. The 
instructor must above all achieve the objectives 
and accomplish his assignments. 

Training requirements are outlined and 
actual training programmes described in some 
detail. There is a bibliography and the appen­
dix reproduces a working syllabus and Basic 
Techniques for a Medical La:bora:tory. 

This project is required reading for anyone 
involved, or who anticipates being involved, in 
this important work, 

R. D. Alla,.n, 
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Nongonococcal Urethritis and Related Infec­
tions. Edited by Derek Hobson and King 
K. Holmes. Published by American Society 
for Microbiology, 1977. 391 pages. Price 
$US14.00. 
This book is composed of the papers pre­

sented at a symposium held in New York in 
1976. 

Venereologists, gynaecologists, ophthalmolo­
gists, bacteriologists, virologists and immunolo­
gists from many countries met to reassess the 
clinical spectrum of chlamydia! and ureaplasmal 
infections and to review recent advances in the 
cultivation and serological study of chlamydiae 
and ureaplasmas. 

The book is divided into seven sessions with 
a : hairman's summary at the end of each 
sessiOn. 
I Nongonococcal urethritis (NGU) 
II Related Genital Infections 
III Oculogenital Chlamydia trach.omatis 

Infections 
IV Chlamydia : Biology and Experimental 

Pathology 
V Labora.tory Diagnosis of C. trac homa.tis 

Infections 
VI Practical Problems in Isolation and Growth 

of C. Trachomatis in Tissue Culture 
VII Ureaplasma Urealyticum 

The first three sessions are clinically oriented, 
describing the diagnosis and pathogenesis of 
chlamydia•! and ureaplasmal infections with 
much discussion on whether chlamydiae and 
ureaplasmas play a significant role jn NGU. 
The epidemiology of NGU in Britain and the 
USA is reviewed and details of antibiotic 
treatment given. 

The papers presented in sessions IV and VII 
describe the biology, biochemistry and anti­
genic structure of C. trachom.atis and U. 
ureai)1ticum including the use of animal models 
for studying the infectious nature of these 
agents. Some interesting methods for determ­
ining the antibiotic sensitivity of chlamydiae 
using cell culture sensitivity tests and relating 
these to treatment of the clinical disease are 
given. Sessions V and VI concern Vhe labora­
tory diagnosis of chlamydia! infection by direct 
demonstration with stains, fluorescent antibodv 
techniques and electron microscopy, isolation i 1~ 
tissue cul ture and demonstration of ant~body 
responses in serum and tears. U p to date in­
formation is g·iven on the simplifica..tion of 
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tests, increasing their sensitivity and overcom­
ing some of the problems in tissue culture. Be­
cause most of our laboratories do not have the 
facilities for the culture of these organisms, this 
book is of very limited value. However, it can 
be recommended to venereologists and ophtha,l­
mologists because of the detailed information on 
clinical diagnosis and treatment and to 1hose 
la:boratories with the a:bility to diagnose these 
infections because of the up to date technical 
data. 

S. Gainsford. 

Blood Group Serology - Theory, Techniques, 
Practical Applications. Ka.thleen E. Boor­
man, Barbara E. Dodd, P. J. Lincoln. Fifth 
Edition. Published by Churchill Livingstone. 
Price $32.30. 4-95 pages, illustrated. Obtained 
from N. M . Peryer Ltd., Box 833, Christ­
church. 
All technologists employed in Immunohae­

ma:tology departments will be familiar with 
" Boorman and Dodd," a standard text-book 
that has been in circulation since 195 7. This, 
the fifth edition, has undergone some changes 
which I am sure will be most welcome. The 
most notable change is the splitting of the 
book into three parts and also the words " An 
introduction to " have now been dropped from 
the title as in the author's preface the intro­
duction only applies to part 1. Presumably this 
move is to encourage a wider readership. 

The next change is that a third author has 
joined the team, namely Dr P. J. Lincoln, the 
Senior Le-cturer in Blood Group Serology at 
the London Hospital Medical College. Unfor­
tunately for Dr Lincoln this reviewer feels that 
the publication will still be familiarly known as 
"Boorman and Dodd " and it will be a time 
before the name of Lincoln will be associated 
with this work. 

Part I- _ \n Introduction to Blood Group 
Serology. Part II, A more Advanced Account 
of some aspects of Blood Groups, Part III, 
Practical Application of Blood Group Theory. 
This new layout is intended to cater for all 
!Pvels of exp~rience. Part I being easily read­
able by all students whatever their individual 
specialty and then encouraging more advanced 
reading in the latter two parts. Parts II and III 
are intended for t'he student specialising in the 
fi eld of Immunohaematology to be used as a 
supplement to the other readings. 
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Part I, the introduction includes sections on 
the ABO blood group system, the Rhesus system 
and a brief account of the other systems. 

Part II, as the heading suggests, develops 
those subjects introduced to the reader in Part I. 

Part III covers the practical application of 
the themy aimed at the technologist employed 
in a blood transfusion laboratory whether it is 
a Regional Centre or a hospital blood bank. 

A number of new chapters have been added, 
one on Australia Antigen which outlines in 
broad terms a description of the subject then 
gives an account of methods routinely used for 
its detection. Another new chapter is devoted 
to the production and use of blood products. 
Two expanded sections each devoted a chapter 
relating to automation in the blood 
transfusion laboratory which inoludes the use 
of autoanalysers for antibody screening tech­
niques and blood grouping. The other ex­
panded section is that relating to the HLA 
system. 

The final sections of the book include the 
familiar appendices devoted to a practical 
guide, reagents and the glossary. 

The overall layout has been retained with 
which most people will be fami liar in that each 
chapter commences with the theoretical aspects 
of the topic whicih is then followed by pertinent 
techniques. Neither has the layout of the book 
lost any of its earlier appeal, most chapters 
being headed with the familiar quotations and 
extracts from \'arious nursery rhymes. 

Generally this reviewer finds this latest 
edition of a standard test-book to be most 
acceptable and I am sure that even without this 
re\·iew the book will quickly appear on blood 
bank shelves. It is further recommended that 
students of Immundhaematology fami1liarise 
thrmselves with this latest edition rather than 
refer to earlier ones. 

A. E. Knight. 

Fundamentals of Clinical Immunology. J. Wes­
ley Alexander, M.D., Sc.D., and Robert A. 
Good, Ph.D. 1st Eel, 1977. Published by 
W. B. Saunders and obta ined from N. M. 
Peryer, C.P.O. Box 813, Christchurch. 338 
pages, illustrated. $NZ17. 70. Paper covers. 
"Dhe purpose of this book is to provide a 

short and comprehensive review of the prin­
ciples of immunology as they apply to clinical 
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practice. It is intended as an aid to both 
students and practitioners. 

The initial chapter gives a very concise his­
torical introduction. The basics of Immuno­
logy cover, immune response, origin and func­
tion of lymphoctyes, monocytes, granulocytes, 
the immunoglobulins, complement, mechanisms 
of immunological injury, immunosuppression 
and immunopotentiation. 

There is a brief section on laboratory and 
clinical tests and the latter half of the book 
covers clinical applications. 

The basics are thoroughly discussed and illus­
trated with diagrams and photographic plates. 
The immunoglobulins mention the J ohains 
which are small pieces with a molecular weight 
of 15,000 which bind the units of the poly­
meric IgA and IgM together by rhe heavy 
chains . It has long been recognised that in­
appropriate immune reactions can cause tissue 
damage. Anaphylactic shock through the re­
lease of histamine from the basophi'ls is one, 
angioneurotic oedema is another and indeed all 
the autoimmune processes could be so regarded. 
T he mechanisms of immunological injury are 
discussed and the mechanisms are illustrated 
with details of experimental animal models. 

Immunopotentiators which enhance immuno­
logical actions are of particular interest in the 
control of cancer. Not only BCG vaccine but 
vaccines from other organisms, particularly C. 
parvum and B. jJertussis, have been used. 
Chemical substances are also listed. These sub­
stances have specific effects on T and B cells 
and macrophage activity. 

The section on laboratory and clinical tests 
offers a brief survey of general concepts. Tech­
nical details are not provided since these can 
be found in the standard texts. 

The final section starts with a lengthy chap­
ter on infection. The limitatiom; in vhe use of 
antibiotics which have become apparent 
through the emergence of resistant strains 
notably gonococcus, are remarked on and the 
need to rely on immunological methods of 
treatment. There has been a great increase in 
deaths in the United States from gram negative 
septicaemia, the number exceeding deaths due 
to cancer of the alimentary tract or motor 
accidents. 

Antibiotics can cause depression of the 
normal immunological mechanisms and advice 
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is given on a rational approach to the use of 
antibiotics, particularly in prophylaxis. 

A chapter on transplantation of organs gives 
details of histocompatibility testing, preopera­
tive evaluation of immune responsiveness and 
related matters. Other ohapters deal with auto­
immune disease, transfusion, nutrition and im­
munity, HLA and disease, allergic disease and 
immunological deficiency diseases. The latter 
two chapters are very detailed and well 
illustrated. 

Immunology is a difficult subject to encom­
pass as it involves a great deal of qualitative 
description. To those of us used to the strict 
discipline of classical quantitative chemistry 
some of the dissertation seems rather conjec­
tural. Some of the passages in this textbook 
are really quite vague, however this possibly re­
lates to vhe subject and the present state of 
knowledge. 

In general, the information is mainly factual 
and well presented and the book should fulfil 
its stated aim. It is good value for its size and 
content. 

R. D. Allan. 

Immunology of the Rheumatic Disease<;. 
Aspects of Immunity. R. N. Maini, 1977. 
T his volume is No. 7 in " Curren t Topics 
in Immunology," published by Edward 
Arnold, 25 H ill St teet, London Wl. 146 
pages. a fe\1' illustrations, soft covers. £5.95 
'L'.K. 

The general preface to the series remarks on 
the massive amount of new material accumu­
lating in the field of immunology and the need 
for an up to date treatise on the aspects of the 
subject relevant to a particular field of interest. 
The intention is to produce relatively short re­
views for clinicians and those working in clinical 
laboratories. 

T he first section of the book provides an 
account of the biology of the immune response, 
the relation to tissue injury, immune reactions 
to autoantigens and Immuno'logical methods. 

The second sections describe various " con­
nective tissue " diseases and therapy and the 
third smaller section considers genetic 
susceptibility. 

Familiar ground is covered in " Biological 
Aspects of the Immune Response " describing 
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the interaction of the T and B lymphocytes 
and macrophages, Coombs and Gell classifica­
tion of the hypersensitivity reactions and 
theories of the development of T cell tolerance 
(to autoantigens). Evidence does not entirely 
support Burnet's original! concept of the elim­
ination of immunocompetent cells during foetal 
life. T cells also appear to have a suppressor 
function preventing B cell synthesis of auto­
antibody. (The New Zealand black mouse suf­
fering from autoimmune haemolytic anaemia 
appears to ·lack suppressor T cells.) The various 
ways in which rhe tolerance could be bypassed 
by extrinsic cross-reacting antigen (viruses), 
loss of suppressing T cells and the powerful 
adjuvant action of mycobacterial infection are 
discussed. It has been suggested that the struc­
turally altered IgG prevailing in rheumatoid 
arthritis patients bind clirectly to B lymphocytes 
activating them to produce rheumatoid factor 
antibodies without T cell participation. As well 
as the common IgM rheumatoid factor, IgG, 
IgD and IgA factors have been demonstrated. 

Tissue injury due to inappropriate immuno­
logical reactions may be cell mediated or due 
to the fonnation of immune complexes. The 
concept that union of freely dispersed antigen 
and ant~body can mediate inf,lammatory re­
actions by · initiating the complement cascade 
leading to tissue damage is based on clinical 
and experimental obst.rvations. They are a 
very common phenomenon in infections and arc 
normally sequestered into the reticuloendothelial 
svstem. 
· No less than eighteen methods for detecting 

immune complexes are listed in the methods 
section. Reference is made to the presence of 
immune complexes in rheumatoid arthritis in 
the serum and synovial fluid. Immune com­
plexes are, of course, associated with SLE. The 
agent that initiates these immune responses is 
still unknovvn, although evidence for micro­
biolcgical antigens has been suggested. Recent 
evidence shows that Rubella specific antigens 
are coded on the smface of rheumatoid syno­
vial fibroblasts. It has been reported that 
Jvf)lcoplasma ferm entans could be isolated in up 
to 40% of synovial fluid in rheumatoid arth­
ritis. The isolation of diphtheroid-like 
organisms from synovial fluid has been claimed. 

The arguments for a virus aetiology for SLE 
are described. The immunological aspects of 
these diseases and also Sjogren's Syndrome, 
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Polymyositis, Myasthenia Gravis and some 
others described. Mention should be made of 
the chapter on Vasculitis and Polyarteritis 
Nodosa. Vasculitis is a g·eneral term for all 
types of conditions which show evidence of 
vacu lar damage initiated by an inflammatory 
process. They show evidence of circulating 
immune complexes and complement activa­
tion and this could be regarded as the unifying 
pathogenic factor. 

The accumulation of knowledge about im­
mune mechanisms discussed in the first part 
of this book led one to anticipate new advances 
in therapy. Disappointment followed. It is evi­
dent that no breakthrough has yet occurn·d 
in the application of immunological know­
ledge. Immunosuppressive treatment with 
steroids cytostatic drugs, gold and penicillinase 
is described. Mention is made of attempts to 
correct cellular immune defects with leucocyte 
dialysates and the use of levamisole to stimulate 
cellular immunity. Reports of results are 
variable. 

T he final chapter discusses the evidence for 
genetic predisposition to rhe,umatic disease. 

This is a book for the specialist and contains 
the latest information approaching the fore­
front of knowledge in the field. 

R. D. Allan. 

Clinical Chemical Pathology, eighth edition. 
1977. C. H. Gray and P. J. N. HO\mrth. 
Published by Ecl\\'ard Arnold, London. 245 
pages. illustrated. Price, £3.50 C.K. (paper­
back ) . 
First published in 1953, this book no11 

appears in its eighth edition. This is Lhe 
second time an edition has appeared with 
S.I. units and in paperback. The original 
author Gray is joined by a colleague, P. J. ?-J. 
Hov1·orth. 

The chapter on Renal Function has been 
rell'ritten and is extended to include more 
clinical information on renal disease and t\l·o 
new diagrams rep lace those of the last edi­
tion. The acid base section has been revised 
and the two chapters on fluid balance 11·hich 
appeared in the previous edition have now 
been combined. Proteins and immunoglobins 
contains a section on " acute phase reactant 
proteins " and " immunocytomas and para­
proteins" . 
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There is a fuller section on Hormone 
Control in the chapter on Calcium and 
Phosphate and the summary on bone disease 
has been expanded. Causes and investigation 
of renal calculi is now an addition to this 
chapter. Endocrinology has been rewritten 
with revision of endocrine diseases and the 
addition of a section on multiple endocrine 
endopathy. Gastro-inttstinal function has also 
been rewritten. 

The remaining chapters arc virtually the 
same as in the seventh edition except for 
the addition of a few paragraphs on recently 
developed topics. 

Two new sections appear in the Appendix. 
The first is on paediatric clinical chemistry 
which discusses biochemical tests importan t 
in diagnosis of congenital diseases as well as 
problems concerned with p remature infants. 
Th e second is concerned with toxicology and 
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deals with self-poisonings, industrial and 
environmental poisonings and drug therapy. 
The Appendix also contains a comprehensive 
section on reference values including specimens 
required and conditions " ·hich give abnormal 
results. .\11 values are in S.T. units except 
pH. 

This book is not strictly a reference text, 
but its compact, easy to follow layout makes 
it a useful handbook on Clinical Chemistry. 

1 r. J. and A. J. L. Langford. ' 

Books Received 
Recent Advances in Clinical Immunology, No. 

1. Edited by R. A. Thompson. Published 
by Churchi ll Li\'ingstone. 299 pages, illus­
trated. 

Introduction to Research in Medical Science. 
Cuschieri and Ba ker. Obta ined from 
Penguin Books Ltd., C.P .O . Box 4·019, 
Auckland . 

Abstracts 
Con tribu tors: E. R. Crutch , 

CLINICAL BJOCHEI\IISTRY 

Electronic Pipetting Device for Repetitive De­
liveries. Kenny, A. P., Horne, R. G. and 
Fallow, T. M. (1978), Cfin. chim. Acta. 82, 
285. 

An electronic dispensing pipette is described 
suitable for use in dispensing Quality Control 
materials or other liquids. Laboratory bulb 
pipettes are used and \'Olumes of between 2 ml 
and 50 ml can be obtained with a precision 
of 0.2 percent. This de\'ice is an alternati,·e 
to commercially a\·ailable syringe type dis-
pensers. - N. L. 
A Comparative Study of Conunen;ial Human 
and Bovine Albumin Preparations. Farrancc, 
I., Dennis, P. M., Gibson, Barbara J. and 
Biegler. Beryl. ( 1978) . Annals clin. Biochem. 
15, 31. 

Using seven analytical procedures, human 
and 'bovine albumin preparations are com­
pared, and their usefulness as ca libration and 
reference materials is assessed. Chemical pu rity 
is not taken into account. Dye binding assays 
in particular show tha t the albumin prepara­
tions should be checked for their method 
suita:bility before use. - N. L. 

. J. and A . .T. L. Langford 

New Au tomated Dye-Binding Method for 
Serum Albumin Determination with Bromo­
cresol Purple. Pinnell, A. E. and Northam, 
B. E. (1978), Clin. Chem.. 24, 80. 

The method described uses Auto Analyser I 
equipment \\'ith B.G.P. reagent at pH 5.2 in 
an acetate bulTer. The reaction is read at 
636 nm. B.C.P. is shown to be an alternati\'r 
to, and have ad\'antages OYer the widely used 
Bromocresol Green method. B.C.P. has high 
reactivity with human serum, negligible blank 
correction, good correlation with immuno­
electrophoresis, was affected by bilirubin only 
when present in very high concentration, and 
salycilate did not i11 terfere. Human serum 
is sho\\'n to be the most suitable for 
standardisation. - . L. 

Serum Alphafetoprotein in Cystic Fibrosis of 
tl1e Pancreas. Brock. D. J. I-I.. Barron, Lilias. 
1\.fanson, Jean and McCrae, W . M. ( 1978) , 
C/in. chim.. Acta. 82, 101. 

T he authors discms t·he measurement of 
serum alphafetoprotein by three differen t 
immunoassay techniques. T hirty patients with 
cystic fibrosis and .5.5 controls were used in 
the investigation . It is shown that both patients 
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and control Yalues fell within the published 
normal limits, and ]a rge increases in serum 
J\.F.P. in cys tic ftbrosis pat·ients and 111 

heterozygote carriers were not observed. J t 
is pointed out that th is contradicts findings 
reported by Chandra et a!. ( 1975 ). Br. !vied . .f. 
1, 71-1. - A. L. 

Abnormal Electrophordic Pattern of Albumin 
in Diabetic Sera. Kawaguchi. T. , Tsuchida. 
T. and!\fatsushita. H. ( 1978 ), Clin . chim. Acta. 
83, 7. 

Elcctrophoresis "as performed on sera from 
normal a nd diabetic &ubj ects using urea con­
taining gel. In normal patients the fast migral­
ing bands 1 and 2 were observed before 
glucose \\·as administered. After administration 
the slow migrating bands 4 and 5 appeared 
and band 1 disappeared. The s]O\,. migrating 
band s + and 5 did ;1ot appear in diabetic sera 
e1·en after administration of glucose. 

- A. L. 

Use of Patient Data in the Control of Urea, 
Creatinine, and Electrolyte Estimations. \1\' hite. 
J. D. (1978). Cliu. chim . Acta. 84, 353. 

The au thor discusses the use of urea, crea ti­
nine and electrolyte results from patients as 
a method for comparin2 and evaluating labora­
tory tests. Two district general hospitals 
WC're involved in the investigation. The data 
"hich contained normal and abnormal results 
,,·a ~ analysed in such a way so as to resoh-e 
owrlapping Gaussian distributions. Thus a 
reference value from hospital populations may 
b:> determined and modified to be used a> 
an indication rf the precision of biochemical 
estimations. The information provided from 
the patients' results is compared with th<Jt 
gi1'Cn by the national quality control scheme. 

- A. L. 

The l 1se of Glutamyl-p-Aminobenzoic Acid as 
the Substrate for Determination of y Glutamyl­
transpeptidase Activity in Blood Serum. Szew­
czuk, A. and \'\"ellman-Bednawska, M . ( 1978 ). 
Clin. chim. Acta. 84, 19. 

T he authors suggest the use of a synthetic 
amino derivative of P.A.B.A. as a substrate for 
y G.T. P. estimations. This substrate is readily 
soluble in buffered s0lutions and is non-toxic: 
which makes it valuable for use in y G.T.P. 
assay. The resu lts given by this method com­
pared favourab ly with those resu lts obtained 
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,,·ith the method using y-L-glutamyl-p-
nitroanalide. - A. L. 
A Continuous How 'l\lethod for the Estima­
tion of Serum Amylase Activity. Carney. J. A. , 
Osibeluwo, S. A .. Clements, J. A. and Jay, 
R. F. ( 1977 ), Annals clin. Biochem. 14, 350. 

A method suitable for use on Auto Analy~er 
II is described. L-sing commercially available 
substrate (DyAmyi-L- ), the method measures 
enzyme activity of set um at 5.f0 mn. After 
incubation of serum and substrate at 55°C, 
KOH is added and tbc coloured products arc 
dialysed through a type "H" Technicon mem­
brane against P0.1 buffer. Calibration is with 
\ Tersatol control sera. Results obtained are 
compared with another commercial method. 
Efrects of substrate dilution and substrate con­
centration of NaCI on sensitivity are shown. 

-N. L. 
Automated Procedure for Kinetic Measure­
ment of Total Triglycerides (as Glycerol) in 
Serum with the Gilford System 3500. Lehnus, 
G. and Smith, Lynn. (1978), Clin . Chem . 
24, 27 . 

A method is described for the measurement 
of Triglycerides using the Gilford 3500 Ana­
lyser. The d'·creasing concentration of NADH 
is measured at 340 nm after enzymatic hydroly­
sis at room temperawre. (The glycerol kinase 
reaction). S tandardi~ation is with aqueous 
glycerol standards and the procedure shows 
good correlation with the manual method. 

N. L. 
Rapid Loss of Factor XII and XI Activity 
in Ellagic Acid-Activated Normal Plasma: Role 
of Plasma Inhibitors and Implications for 
Automated Activated Partial Thromboplastin 
Time Recording. Joist, J. H., Cowan, J. F. 
and Khan, l\I. ( 1977 ) .f. Lab . (;fin . Med. 90. 
1054-. 

HAE:\IATOLOGY 
Rapid prolongation of the actiYa ted partial 

thromboplastin time upon incubation with 
ellagic acid containing activated partia l throm­
boplastin time reagents \\·as observed. The 
data presente~l in this paper ·indicate that 
ellagic acid contain ing a-PTT reagents have 
unfavourable properties which seriously limit 
their usefulness in the clinical laboratory, pa r­
ticularly in respect to recording of the a-P'IT 
with certain ful lv amomatecl clot timers. 

. - E. R. C. 
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The Effectos of "Anti-platelet" Drugs on 
Bleeding Time and Platelet Aggregation in 
Normal Human Subjects. Buchanan, G. R., 
Martin, Vera, Levine, P. H., Scoon, Kristine, 
and Handin, R.I. (1977), Am.]. Clin. Pathol. 
68, 355. 

The effects on Haemostasis of several com­
monly used drugs pre\'iously described as in­
hibiting platelet function were evaluated in a 
randomised, double-blind study of 54 normal 
volunteers. Results of in vitro platelet-drug 
incubations may not be directly applicable to 
in vivo haemostasis. 

Evaluation of a Single-Channel Photo-optical 
Clot-Timing Instrument. Weisbrot, I. M. awJ 
Waldner, Deborah ( 1977 ), Am.]. Clin. Pathol. 
68, 360. 

This paper presents an eva luation o.f the 
General Diagnositics "Coag-a-mate " singlr 
channel photo-optical clot timer. 

- E. R. C. 

Diagnosis of Acute Leukaemia. Variability of 
Morphologic Criteria. Tan, H. K., and Lam­
berg, J. D. ( 1977 ), Am. ]. Clin. Pathol. 68, 
440. 

The authors of this paper discuss the mor­
phologic appearances of blast cells in acute 
leukaemia. stained by six different Romanowsky 
stains. T hey caution against generalisations 
regarding morphology and suggest that the 
exact stain employed is a sig-nificant variablP 
in morphologic studies. - E. R. C. 

Recommendation for 1\leasurement of Eryth­
rocyte Sedimentation Rate of Human Blood 
(1977), Am. ]. Clin. Pathol. 68, 505. 

This article is published by the Expert Panel 
on the erythrocyte sedimentation rate under 
the auspices of the International Committee 
for Standardisation in Haematology. The 
Panel detail the methods and materials to 
use as the "standard " method. 

- E. R. C. 

Evaluation of the Emalog D Differential Leu­
cocyte Counter. Cairns, J. W., Healy, M. J. R. , 
Stafford, D. M., V itek, P. and Waters, D. A. 
W. (1977), ]. Clin. Path. 30, 997. 

The main objectives of the evaluation were 
to ( 1) to establish " normal values " for the 
Hemalog D, (2) compare the Hemalog D with 
existing manual procedures and, (3) assess 
the machine's reliability. The Hemalog D 
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proved to be a practical machine for operation 
in a routine haematology laboratory. 

-E. R. C. 

A Whole Blood Control for the Coulter Model 
S. Morgan, L. 0., Jones, W. G., Fisher, .J. 
and Cavill , I. (1978), ]. Clin. Path. 31, 50. 

The white cell count, reel cell count, haemo­
globin and mean cell volume of a new pre­
served whole blood preparation used as a 
control for the Coulter Model S were found 
to be stable for at least two months. Thi~ 
material provides a cheap and stable whole 
blood control which is now in routine use in 
18 laboratories throughout \'\'ales. 

-E. R. C. 

International Committee for Standardisation in 
Haematology: Protocol for Type Testing 
Equipment and Apparatus Used for Haema­
tological Analysis ( 1978) ]. Clin . Path. 31, 
275. 

The protocol proposed in this paper could 
be used as a procedure for evaluation of 
equipment and apparatus. It is intended for 
use by reference la:boratories appointed by 
appropriate authorities ·in the interest of the 
consumer. - E. R. C. 

Why Has the Autohaemolysis Test Not Gone 
the Way of the Cephalin Flocculation Testi' 
Beutler, E. ( 1978), Blood 51, 109. 

Beutler questions the usefulness of thr 
autohaemolysis test in assessing various haemo­
lytic states and sugge~ts that this test is nOll' 
outmoded and perhaps should go the way 
of the "cephalin flocculation, thymol turbidity, 
N.P.N. and the dinosaur." E. R. C. 

Identification of Sources of Inter-Laboratory 
Variation in Factor YIII Assay. Kirkwood. 
T. B. L., Rizza, C. R., Snape, T. ]., Phymes. 
I. L. and Austen, D. E. G. ( 1977), Br . .f. 
H afmat. 37, 559. 

T his paper is a report of an investigation 
to point out the possible sources of variation 
bet~o1·een laboratories carrying out factor VIII 
assays. Two important conclusions emerged 
from this work. T he first was that differences 
between reagents accounted for the major part 
of the Yariation between laboratories and the 
second suggested that .two-stage assays d etected 
relatively more activity in the more highly 
purified (freeze-dried) preparations than one-
stage assays. - E. R. C. 
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Identification of the Hairy Cells of Leukaemic 
Reticuloendotheliosis by an Esterase Method. 
J-Iiggy, K. E .. Burns, G. F., and Hayhoe, F. G. J. 
(1978), Br. ]. Jlaemat. 38, 99. 

A distinctive pattern of alpha-naphthyl 
butyrate esteras<> positivity was observed in 
all of a series of 14 patients with HCL. This 
pattern was not. observed in a range of otlwr 
haematological abnormalities. The potential 
diagnostic value of this simple cytochemical test 
is discussed in relation to existing methods. 

E. R. C. 
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The Aspirin Tolerance Test in von Wille­
braud's Disease. Barbui, T., Rodeghiero, F. 
and Dini, E. (1977), Thrombos. Haemostas. 
(Stuttg) 38, 510. 

Opinions a:bout the clinical value of the 
aspirin tolerance test proposed by Quick in 
von Willebrand's disease are conflicting. The 
results of this study seem to support the view 
that a platelet defect iHduced by aspirin causes 
a significant lengthenillg of the bleeding time 
only in cases with severe von \Villebrand factor 
deficiency. -E. R. C. 
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Directions for Contributors 
These instructions are provided with the object of ensuring uniformity of presentation. Manu­

scripts should be typed double spaced, on one side only of good quality paper with one inch margins. 
Carbon copies are not acceptable. Give the author's name with initials if male, or one christian name 
if female, and the address of the laboratory where the work was carried out. Use capitals only 
where indicated and do not underline except where italics are required. 

In general, papers other than reviews, should consist of a short summary capable of standing 
alone as an abstract; an Introduction (outlining the problem and the proposed solution) ; Material 
and Methods; Results and Discussion. 

Illustrations 
Illustrations are costly and should be used sp 

are all referred to as ' Figures' and should be nuaringly. Graphs, line drawings and photographs 
text using arabic numerals. Drawings (in indianmbered in the order of their appearance in the 
should be about twice the size of the actual rep ink on stout white paper) and photographs, 
the text should be noted in the typescript. Legeroduction. The position of figures in relation to 
correspond with the Illustrations. Tables shouldnds typed on separate sheets are numbered to 
numerals. be typed separately and numbered in roman 

Nomenclature and Units 
Scientific names of micro-organisms should conform with Bergey's Manual of Determinative 

Bacteriology. The first time an organism is mentioned the full generic name should be given 
and underlined to indicate that it is to be printed in italics. Subsequently it may be abbreviated. 
Trivial or common names are printed in roman, e.g., staphylococci, and should not be underlined. 

To conform with the Systemes Internationale D'Unites or SI units it is recommended that the 
following prefixes and abbreviations be employed. 

Length: m, em, mm, p.m, nm. 
Area: m2

, cm2
, mm2

, P.m2
, 

Volume: litre, ml, p.l, nl, pi (' litre' in full avoids 
confusion with 'I' ) 

Mass: kg, g, mg, p.g, ng, pg. 
Mass concentrations: kg/litre, g/litre, mg/litre, 

p.g/litre. For the present concentrations per 100 
ml also accepted as are daily outputs in urine 
and faeces. 

Malar concentrations: mol/litre, mmol/litre, p.mol/ 
litre, nmol/litre. (For the present mequiv/litre 
may also be used.) 

Temperature: Express as •c. 
Time: s, min, h, d, a. The latter two symbols which 

stand for day and year respectively are best 
expressed in full to avoid confusion. 

Density: kg/litre (relative density replaces ' specific 
gravity') 

Clearance: litre/s, ml/s (for the present ml/min 
may also be used). 

N.B.: 
1. The symbol for a unit is unaltered in the plural 

and should not be followed by a full stop, e.g., 5 em 
not 5 em. nor 5 ems. 

2. No space should be left between the symbol 
for a prefix and the unit. A space is left between 
the symbols in derived units, 

e.g., ms = millisecond 
m s = metre x second 

Where ambiguity could arise abbreviations should 
be written in full. 

3. Numbers. The decimal is indicated by a full 
stop. Commas are not used to divide large numbers 
but a space is left after every third digit. 

A zero should precede numbers less than unity. 
Units which give a number between 0.1 and 1000 
should be chosen when possible. 

References 
Refe1ences should be listed alphabetically at the end of the article and numbered to correspond 

with the numbers used in superscript within the text. Citations in the text should give the author's 
name using et al. if more than one author, and the year, thus: Walker et al. (1972) 1• All authors' 
names should be listed with initials; year of publication in brackets; journal title abbreviated and 
underlined to indicate italics; volume number in arabic numerals underlined with a wavy line to 
indicate bold type and the first page number. The reference for abbreviations is the World List o\ 
Scientific Periodicals. In general nouns have capitals, adjectives do not and conjunctions are omit­
ted. Authors are referred tl" previous journals for examples. 

Proofs 
When time permits, autilors will be given the opportunity to correct proofs before publication 

but not to insert new material. Proofs must be returned within three days of receipt. 

Reprints 
Reprints are available to authors at their own expense on a cost basis. Orders for reprints 

·(minimum 50), must be given when returning the proofs. 
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