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I. Introduction 

The a c t i v i t i e s  of heal th  laboratory serviaes have been largely 
affected by the rapid progress i n  curative and preventive medicine. 
The volume of work was a l so  affected by the evolution i n  the a t t i t ude  
of the community, demanding f o r  more tests. 

The first automated equipment was introduced to the market about 
f i f t e e n  years ago to enable the laborator ies  to cope w i t h  a large volume 
of work without a proportional increase i n  health manpower and cos t  of 
t e s t s .  In  addition t o  the increasing out-put per technician, the 
introduction of automated equipment leads a l so  t o  an improvement i n  
precision and r e l i a b i l i t y  of resu l t s .  

A t  present, 60 t o  80 $ of health laboratory work is feasible  fo r  
automation. 

Blood counts, haemoglobin, haematocrit, blood groups and Rh fac tors  
can be determined by automation. MCV (Mean Corpuscular ~olume) ,  MCH 
(Mean C e l l  Haemoglobin) and a l so  MCHC ( ~ e a n  Cel l  Haemoglobin Concentra- 
t ion)  can be automatically calculated. A complete haematological 
p ro f i l e  can be obtained i n  three minutes. 

I n  Cl inical  Chemistry, a very large number of determinations, 
including proteins,  carbohydrates, l i p ids ,  e lectrolytes ,  functional 
t e s t s  vitamins and enzymes can be carr ied out  automatically. Radio- 
immuno-assays applied t o  hormones, such a s  adrenocorticotrophic and 
thyroid hormones a re  f u l l y  automated. 

Automation has a l so  been applied t o  microbiology, mainly i n  sero- 
immunology (WRL test f o r  syphi l is ,  f e b r i l e  tests, serology of toxoplas- 
mosis, histoplasmosis, coccidioides, l a t ex  f ixa t ion  test f o r  rheumatical 
a r t h r i t i s ;  C-reactive protein, anti-streptolysins,  Trichinosis, Latex 
t e s t s ,  Heterophilic antibodies, IE Cell) .  
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Partially automatic methods are also applied to twicology, 
detection of heavy metals, gases and some insecticides in organic 
fluids. Sdicylates, barbiturates and sulfonamides can also be 
determined by automation. 

AutomatIan has also been applied to mass health examinations 
such as : 

a) Screening for early identification of illness at an 
asymptomatic stage (e.g. early detection of cancer). 

b) Epidemiological survey to determine the health status 
of a population. 

c) Epidemiological surveillance to follow changes on 
health status of k?e community, 

Concerning public health laboratory, automation has also been 
applied to the analysis of pharmaceutical preparations, drug control, 
water quality tests, food control, detection and quantification of 
air pollutants. 

Research programmes have largely benefited from automatic 
devices. "In vivo" methods have been developed by the use of 
automatic machines to study the steps of carbohydrates metabolism 
in the blood circulation of the patient, effect of insulin, as 
well as the reaction of the organism to different drugs. 

A wide range of semi-automated devices has also been applied in 
the laboratory work which permits varying degrees of automation and 
saves space, time and effort. 

Automatic reagent and sample delivers and auto?patic diluters 
permit a greater precision and economy in glassware, costs, handling 
and washing. Spectrophotometers with a direct read- out or reaching 
concentration in any appropriate unit, with a flow-tbrough cuvette, 
is another application of automatic equipment to manual methods. 
Such spectrophotometers eliminate errors of calculation and save 
time and glassware. 

Many scientiszs are now preferring the use of the term 
"Mechanization" inszead of automation because the mechanized analytical 
equipment applied to health laboratories so far do not include a 
regulating feed-back system. * 

* Richterich and Greiner (Zeitschr. clin.Chem. hlin. Biochem., 8, 
558 (1970) anl p, 187 (1971). 



Recornendations about the use of automaw equipment i n  developing 
oountries cannot be given i n  6'osolute t s i m s  because the factors that  
should be considered before s decisicn on the uti l izat ion of such 
equipment vary from country to  country: t;msport system of samples 
technical level of the s te f f ,  training fac i l i t i es ,  availability of 
service for  repair and mqintennnce, volume of work and financial 
pos s ib i l i t i e s~  Another important point to  be considered a the cost- 
banefit and cost-effectiveness relations. Thorefore, only considering 
an average of these factors for  ( tarbin  types of laboratories could 
suggestions on use of automation be presented. 

11. Types of automated equipment - 

Alchough it is not the purpose of this papereta pasen t  a 
detailed description of different types of automatic-snalytical 
equipnent, we lee1 it I s  useful t o  give a short s m a r y  of the 
types of analysers available a t  present. 

i )  Continuous flow analy-zers. A l l  the steps of the tests 
(dyalisis, incubation, extractton, f i l t ra t ion,  decantation, 
etc.) except tha f inal  function are oarried out i n  a system 
of -IS,. Thc~rpaed isllini%%a% to-&B.-fCQ lkmks per hour 
and the r i s k  of contamination from iAe preceding sample 
is  relatively hi&. This type of analyzer is the most 
oomnonly used a t  present. Multichannel systems (2-12) 
are available. 

i i )  Discrete analyzers. Tee determination is camied out 
i n  a t e s t  tube imitating manual methods. The r i s k  of 
contamination from the preceding sample is very low due 
to the isolation of 4he sample. Deproteinizatisn has, 
very often, t o  be performad mamally when using this 
type of equipment. 2-32 multichannel types are awtlable.  

i i i )  Centrifugal an;alyzers. This type has receney, 
developed by Anderson a t  the Oak Ridge Natiafircl:LaWatOry, 
USA.. It depends on centrifugal force tomixertmples and 
reagents. The versionava%lable a t  presen.?, includes 
complicated electronic controls. 

Due to the large number of equipment released the market prices 
are decreasing. However, considering the i n i t i a l  cost end price of 
installation,prices are still  higher i n  comparison w i t h  any other 
laboratory equipment and prohibitive t o  many laboratories. 
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111. Analysis of the main factors involved i n  the use of automation 

a )  Cost per uni t  of P m a l  - and automated tests 

These costs are composed of the working expenses (time of 
collection of samples, treatment -of samples, cleaning and documentation ). 
Cost of the material (reagents, chemicals, glassware, e lect r ic i ty)  and 
the cost of the instruments including installation, maintenance and 
repairing. It could not be sersible-. to  use a 12 - of 24-channel i n  a 
s m a l l  laboratory per occasional tests. However, i n  a large laboratory 
it would be of great use. The equipment would work a t  f u l l  capacity 
saving time which should reasonably justify the price and running 
expenses of the equipment, To meet the needs of s m a l l  hospitals and 
fo r  the day-to-day routine ardyses  of medium-size hospitals, less  
expensive smaller equipment w L t h  f lexibi l i ty  to satisfy the particular 
needs would be feasible. Semi-automatic methods could be also satis- 
factory for  laboratories with z. limited workload which allow the use 
of existing laboratory equipment and involve less capital expenditure 
than the fu l ly  automated methods. Many of the eemi-automatic devices 
are relatively simple and can be adapted t o  any laboratory, whereas 
ful ly  automatic equipment me more complicated and the technicians 
need special training to  deal with them. 

b) Laboratory staff  

It is essential that  the laboratory workers receive adequate 
training i n  order t o  apply automation correctly and intelligently. 
It is imperative that  a t  l eas t  one and preferably two technicians i n  
the laboratory possess a very detailed knowledge of the apparatus. 
They have to understand the principle involved i n  the techniques and 
possess sufficient biochemical background. A technician w i t h  suffic- 
i en t  knowledge i n  functions ofdectronic apparatus t o  recognize dis- 
function, and capacity for remedying i n s t m e n t  problems as w e l l  as for  
maintaining equipment, should also be available. The quality of the 
performanae depends greatly on the amount of care and s k i l l  with which 
the machine is operated. It has been predicted that  automation w i l l  
r e su l t  i n  a decreasing of mailpower i n  laboratories. This prediction 
has only part ial ly been confirmed. Automation i n  health laboratories 
can free the technicians of routine worx and they can be devoted to 
other activities. 
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c)  Maintenance and repair of the equipment 

The regular preventive or routine service should be normally 
carried out every six months and would include operational checks, 
cleaning and replacements of aged components. This routine service 
could be done by a technician havlng some kno~rlledge i n  electronics. 
Most of the larger companies supplying automatic equipnent produce . 
good instructioq manuals, w i t h  clear diagrams of c i rcui ts  for  routine 
maintenance and detection of misfunction. Some manufacturers also 
offer training courses o:, m tine service, hendling and repair of 
equipnent, which the +&chnicians can attend. These training courses 
are run i n  Europe and i n  the UnLted States. I f  the laboratory has 
not any person tsained to  take c z e o f  the equipnent and re l ies  entirely 
on a manufacturer or h i s  representative, two problems can arise : 

i )  The cost involved could be high, mainly if the manufacturer 
has no technical s tz j f  i n  the countsy. 

i i )  The time delay on repairing could be very long and the 
instrument may be non-operational for  several months, 
mainly i f  the spare p=ts do not exis t  i n  the country. 

Some faul ts  cannot be rapaired even by a highly trained technician. 
The assistance of an engineer shauld be required. I n  some &as, where 
th is  assistance cannot be supplied with a reasonable delay, a breakdown 
oould r e s u l t  i n  serious probiems mainly when the equiptent is serving 
several hospitals which i s  often the case when a centralization justifies 
the capital committed in  i t s  acquisition. 

d) Preoision and re l iab i l i ty  - 
Automation improves W.e patient care as more precise andrel iable  

resul ts  oah be 'obtained. Human errors are reduced from 8 to 1 $. 
However, ac.c&acy of results  depends greatly on the al&$ness. and inkel- 
ligence of the person dealing with the apparatus, of the cha&teristio 
of the equipment i t s e l f  end methodology, as i s  the case when using any 
other apparaatus. . Automation is not  a safeguard against eqprs .  The 
detecting equipments incorporated i n  automatic machines -& -based on 
the same chemicals and @otomctric principles and t h e y a d  i+oduce 
the same errors & those ocoumzkng when oljerzted manually. :By way of 
i l lus t ra t ion the intei-ference by phosphoes when determining calcium 
i n  biological s'peoim'6ns using a "cold" propane -air flam<pho+eter 
occurs %en bperating manually o r  iutomatically. 



e )  Handling of data  

Automation has grea t ly  increased the out-put of heal th  labora- 
tor ies .  Using automatic equipment, 2 technicians can perform i n  
2 t o  3 hours the same volume of work a s  4 to 5 technicians i n  8 hours 
using manual methods. Perhaps more s ignif icant  is the application M 
automation to micromethods t o  perform ant ib io t ic  s ens i t i v i ty  tests : 
automatic equipmearb enables the technician t o  perform several  hundreds 
of s e n s i t i v i t y  tests per day w h i l s t  by manual methods the number i s  
l imited t o  t en  samples per day. A central izat ion of work to jus t i fy  
the high pr ice  of the equipment r e s u l t s  i n  an even greater  volume of 
findings. A c l e r i ca l  problem a r i se s  a s  many technicians are necessary 
t o  deal  w i t h  the large volume of data. The accumulation of r e s u l t s  
which cannot be collected and d is t r ibu ted  leads t o  the lo s s  of m a t  
advan-of automation, such a s  the f a s t e r  delivery of laboratory 
reports  and the economical implication due t o  the reduction i n  time of 
hospi ta l izat ion of patients.  Some equipment such as  Autochemist has 
a built- in computer which produces a printed record of a l l  resu l t s .  
However, the  computer makes the system more expensive and only a very 
large l a b o r w r y  or a great  cen t ra l iza t ion  of work could jus t i fy  
consideration of the commitment of cap i t a l  t o  buy an expensive system. 

IV. Types of lgboratories 

I n  most countries there are  three main types of laborator ies  i n  
r e l a t ion  t o  thdr location and d e p e e  of technical development: central ,  
intermediate and peripheral laboratories.  

i )  Peripheral level. A s  the functions of these laborator ies  a re  
normally r e s t r i c t e d  t o  the performance of very simple analyt ical  
procedures (e . g. haemoglobin determination, urine analysis)  
there seems t o  be no need for  automated equipment a t  t h i s  level.  
To decrease the workload of the technical staff (normally only one 
o r  two laboratory a s s i s t an t s )  the use of pre-prepared reagents 
fo r  qua l i ta t ive  and semi-qualitative tests such a s  dip-sticks 
and test tapes could be suggested. 

i i )  Intermediate level.  For the reasons presented i n  sect ion I11 
(a, b, and c )  and mainly to the f a c t  t h a t  the number of tests 
carr ied out a t  this l eve l  is s t i l l  small i n  r e l a t ion  to the 
po ten t i a l i t i e s  of automation, we do not  suggest the use of this 
equipment a t  the intermediate level.  However, semi-automatic 
equipment can be used. These devices are  easy to handle, inex- 
pensive and require simple service for  maintenance and repair .  



) Central level. The use of automatic equipment a t  this level 
could be suggested, provided that  a l l  c o d t i o n s  mentioned 
in 111 ahd mainly large volume of wo~k ocl:possSoifities of 
centralization, availability of staff trained for automated 
analysis and edequate f ac i l i t i e s  for  maintenance and repair 
are ful f i l led  and the cos-'ar"fecti~enc:ss study has shown its 
rentabil i ty both bohnically and economically. 

V. Mass Health Examinatfoil (rrm) -- - 
There are reasons bo'ch for  and against the usa of automated 

equipnmnt i n  MHE i n  public h z d t h  projects. 

No geneml recommendztiom can be given but the advantages and 
disadvantages can be summarized i n  a tabula- form : * 

AWANPA(IES AND DTSAWAETA@S @'USING %lE Sm AUTCMAIFS ANALYTICAL 
SQVIFNEW FC)R A HCSPIIIXT, APW PUSS HEflLTrI W v m . T I O N  PRQJEGPS 

For r - Against 3 

1. m e  number af malyses w i l l  be 1. There may not be enough time 
hi&er, *ich w i l l  give a better for  m a i n k m e  of the apparatus, 
economical bao-ound foi* the which may incmase the inoidences 
investment. of dis  turbmces during the run 

of' e.g. urgent determinations 
from a hospitd.  

2. It is sometimes easier. t o  2. There may be diff icul t ies  
use funds for  purchase of equipmect obtain?-rg quzlified personnel 
for  MHE prodects than for hospitals. supel-~ising the equipment a t  

u n c o n ~ ~ l l c n t  times of the day. 

3. MHE may give referenca 3. I f  medical oentxes are organized 
values that  are important 'co have fop health surveillance, it is an 
for c l in ical  work. It is i n  such advangage if the answers from the 
case an advantage i f  the methods laijol%atory 'ssts can be obtained 
are identical. befos-e the individual has l e f t  the 

centres. Tnat is not possible to  
a;TaIIg? i f  urgent samples f m m  a 
hospital have %o be run a t  the 
same time* 

i 

Report prepared by D r  C ,  H. de Verdiar ad Professor M. Rubin for 
WHO on Automation In  Developing Corntries. 



The following points presented by Wasman, Hedstrand and Hood* have also 
t o  be considered: 

a )  The time should i n  the  main be gone f o r  inventory population s tudies  
which do not end up with act ive s teps  f o r  control. I f  there  is a 
c lear ly  demonstrable increased r i sk  f o r  future  serious disease 
intervention should always be taken. 

b) The screening organization must be dimensioned with due regard t o  
the capacity f o r  work-up and continuous control.  

c )  Deficient resources f o r  fur ther  work-up and treatment of the  conditions 
t o  be found should a t  the present time r e s t r i c t  screening t o  cer ta in  
age groups where on treatment the yield can be expected t o  be good. 

d )  Attempts t o  obtain a presymptomatic diagnosis is motivated when there 
is therapy available of proven o r  highly probable efficiency. 

e )  After screening the  information t o  and the i n i t i a l  handling of those 
subjects i n  which the primary screening has given def in i te ly  patholo- 
g i ca l  o r  suspicious o r  borderline findings i s  a very important and 
rather  de l ica te  step.  This is the one s tep t h a t  requires the most 
expense i n  time by highly qual i f ied and experienced physicians. 

f )  Mass surveys directed against cer ta in  organs o r  groups of diseases 
tend t o  grow i n  number and magnitude. This w i l l  probably create  
a chaotic s i tua t ion  f o r  those subJects who w i l l  be ca l led  t o  a great  
number of projects  and a l so  eventually w i l l  be given d i f fe ren t  informa- 
t ions  regarding t o  borderline findings. The aim must be a common 
organization f o r  preventive medicine. 

VI. Summary 

Automation has been introduced t o  heal th  laboratory services t o  cope 
with the s teadi ly  increasing demands f o r  laboratory determinations and the 
shortage of personnel. 

Automatic equipments have been applied t o  almost every f i e l d  i n  routine 
laboratory work, public health, MHE, as  well as  t o  research studies.  

The idea of incorporating automatic equipment t o  the laboratories is 
very a t t r ac t ive ,  but i t s  acquisit ion has t o  be envisaged with a r e a l i s t i c  
sense. Studies of f e a s i b i l i t y  are  highly desired before committing funds 
t o  purchase automatic equipment. Although pr ices  of these equipments a re  
decreasing, the  i n i t i a l  cost  and in s t a l l a t ion  are  s t i l l  higher than any other 
laboratory apparatus and jus t i fy  a careful  analysis of a l l  technical and 

*%and. J. c l in .  Lab. Invest. SUDD. 118. 39 (1971) 



economical aspects, including economic resources of the  country, 
appl icabi l i ty  of the  equipment (routine laboratory work, public health, 
research), pr ice of the  equipment and cost of analyses per unit ,  
var iat ion i n  time of pa t ien t ' s  hospitalization reduced by a rapid 
delivery of resu l t s ,  expenses involved f o r  maintenance and repair  of 
the  equipment and ava i lab i l i ty  of sk i l led  manpower t o  deal with the  
apparatus. 

These considerations a re  related t o  laboratories a t  central  level,  
as it is suggested tha t  automated equipment should not be used a t  inter-  
mediate and peripheral level.  

In  re la t ion  t o  MHS reasons fo r  and against the use of t h i s  type 
of equipment a re  presented. 


