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Methods for the rapid diagnosis of infectious diseases have become increasingly 
common in the last decade. The impetus for the development of such techniques 
has stemmed from the need to provide clinically relevant information without 
the length of time and complexity inherent to traditional cultivation methods. 
This is particularly important in high-risk populations for which more effective 
antibiotics and antiviral compounds are now available. 

Assay systems for the immunological detection of microbial agents occupy 
a central role in the molecular diagnosis of infectious diseases and are rapidly 
appearing on the market. Novel m~ethods of organism detection by nucleic acid 
hybridization, long considered usable only in highly specialized laboratories, have 
the potential for use in routine microbiological laboratories and some systems 
are now commercially available. 

As more efficient and rapid diagnostics systems are being developed, the 
selection of the optimal method will depend on the enwironment in which the 
system is fo be used. Rapid methods for the detection o,f infectious agents might 
markedly improve health care in a variety of clinical, laboratow and epidemiologic 
situations. 

INTRODUCTION 

Sensitive, specific and rapid diagnostic tech- 
niques for the detection of microbial  agents in 
body fluids are impor tan t  for the prevention, 
control  and management  of infectious diseases in 
clinical medicine as well as for the large scale 
s tudy of epidemiology of infectious diseases. 

Traditionally the diagnosis of infectious dis- 
eases has been accomplished by direct microscopic 
examination of clinical specimens or by the iso- 
lation of the infecting organism in culture. [tow- 
ever direct microscopy suffers f rom limitations 
of low" sensitivity and lack of specificity. 

1 Corresponding author. 

Cultivation is sensitive, specific, and capable 
of detecting agents whose presence is not  sus- 
pected. Although it is considered the s tandard  to 
which other  methods  should be compared,  culti- 
vation is often insufficiently rapid to provide in- 
format ion o f  practical  use in clinical management  
or in the ident i f icat ion of outbreaks  in. d o s e  set- 
tings. The diagnosis by culture can  also be limited 
by practical constraints  in the case of viral .agents 
for which the availability of numerous  cell lines 
and sterile areas is required. Such requirements  
have so far limited the identification of viral 
agents to central  laboratories. Fur thermore  culti- 
Vation of certain fastidious viruses such as rota- 
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virus,  Norwa lk  virus, hepat i t is  A and B virus and 
Eps te in-Barr  virus is p rob lema t i c  in general ly 
available cell lines while impor t an t  bacter ia l  patho- 
gens such as Treponema pallidum and Mycobac- 
ter ia  cannot  be cul t ivated in art if icial  media.  In  
the c o m m o n  clinical s i tuat ion where  ant ibiot ics  
have been adminis tered ,  cul t ivat ion may  be inad- 
equate  in identifying a pa thogen in ant ibiot ic  con- 
taining body  fluids. 

Finally, virulent,  toxigenic s t ra ins  such as 
E. coli and Staphylococcus aureus cannot  always 
be dis t inguished in cul ture  f rom avirulent  strains.  

In  recent  years  a n u m b e r  of newly recognized 
viral, bacter ial ,  fungal and paras i t ic  agents have 
been associa ted  wi th  a wide range of h u m a n  dis- 
ease. In  order  to be clinically re levant  such as- 
sociat ions have to be tes ted in several  d i f ferent  
populat ions.  I t  is i m p o r t a n t  to ascer ta in  the geog- 
raphic  and env i ronmenta l  range of potent ia l  path- 
ogens a n d  to identify poptf lat ions at high r isk  for  
infections. The l imitat ions of s t andard  cult ivat ion 
techniques  have led to the deve lopment  of more  
pract ica l  and  m o r e  rapid  me thods  for  the diag- 
nosis of h u m a n  infections. In  addition, in case 
of viral  infections, the recent  deve lopment  of m a n y  
ant iviral  compounds  has provided  the incentive 
for  a more  t imely diagnosis of such infect ions 
in high-risk individuals like cancer  c h e m o t h e r a p y  
and  organ t r ansp lan t  recipients .  

Advantages of rapid  diagnosis in such set t ings 
include : 

1. Aggressive pharmaco log ic  m a n a g e m e n t  of 
potent ia l ly  lethal  infections. 

2. Es t ab l i shmen t  of measures  of isolat ion and 
pa t ien t  cohort ing,  Which are essential  for  the con- 
t a inmen t  of communicab le  diseases. 

3. Reduction of  unnecessary  use of antibiotics.  
Most of the assays appl ied to the rapid  de- 

tect ion of infect ious organisms are based  on the 
fact  tha t  such o rgan i sms  express  specific ant igens 
and that  antigen=antibody react ions can be com- 
ple ted and measu red  in a relat ively shor t  per iod 
of t ime. In  addit ion,  over  the last  few years  o ther  
a l ternat ive  techniques  have been developed which 
do not  rely on imnmnologica l  in teract ions  to de- 
tect  microbia l  agents.  

Nucleic ac id  hybridizat ion,  for  example,  has 
m a n y  fea tures  which make  it a potent ia l ly  ef- 
ficient and  pract ica l  sys tem for  the detect ion of 
mic roo rgan i sms  in a wide var ie ty  of heal th  care 
settings. 

SELECTION OF DIACNOSTIC SYSTEMS 

Although assay sys tems have been developed 
for  the detect ion of a large n u m b e r  of infect ious 
agents  re levant  in h u m a n  pathology,  m o s t  are 
utilized as research  tools and relat ively few of 
them have become  commerc ia l ly  available. This 
reflects  the fact  that  high level of test  repro- 

ducibil i ty is necessary  before  such assays can be 
appl ied in diverse si tuat ion and compare  favorably  
wi th  more  c u m b e r s o m e  but  highly reproducib le  
s t andard  microbiologic  techniques.  The efficiency 
of assay sys tems for  microbiological  diagnosis 
mus t  also be clearly es tabl ished when they are 
t,o be used extensively for  screening purposes  in 
high-density u rban  areas or under  field condit ions.  

I t  is appa ren t  that  the degree of efficiency 
which is requi red  f rom an assay sys tem i.e. sen- 
sitivity, specificity, predic t ive  value as well as 
speed of p e r f o r m a n c e  and pract ical ly  varies widely 
upon clinical, l abora to ry  and epidemiologic  envi- 
ronments .  Thus. as more  rapid  diagnostic sys tems 
are being developed and marke led ,  the choice of 
the app rop r i a t e  me thod  to achieve an op t imal  
yield in the diagnosis of infectious diseases will 
depend on the individual charac ter i s t ics  of such 
environments .  

IMMUNOASSAY SYSTEMS 

Assay sys tems which make  use of the specific 
in terac t ions  of labeled ant ibodies  wi th  microbia l  
antigens have fol lowed the successful appl ica t ion 
of r ad io immunoassay ,  f ]uoreseent  immunoassay ,  
enzyme i m m u n o a s s a y  for  the detect ion of drugs 
and ho rmones  in body  fluids (10, 32, 39, 45). 

Many of the pr inciples  involved in the detec- 
t ion of microbia l  o rgan isms  are essential ly the 
same as for  the detect ion of these compounds  
and involve the binding of an antigen molecule  
to an an t ibody  molecule  and the detect ion of this 
react ion  through ano ther  labelled ligand. In mos t  
appl icat ions  a solid phase  surface,  generally of 
plast ic  mater ia l ,  is used to separa te  bound  f rom 
unbound  i m m u n e  reagents .  However ,  there  are 
differences in the molecu la r  compos i t ion  and 
steric  p resen ta t ion  of the ant igen which m a y  ac- 
count  for  lower degrees of efficiency at  t imes 
presen t  in the detect ion of infect ious agents. The 
relative large size (of ten grea ter  than 200,000 MW) 
and polymer ic  na ture  of microbia l  antigens as 
well as the var iable  fo rm in which the antigen 
is p resen t  in body  fluids make  it difficult  to apply 
the same separa t ion  and detect ion techniques as 
for  smal ler  and chemical ly  defined molecules.  
For tunate ly ,  ant igen-ant ibody react ions  generally 
occur  under  a wide range of condit ion of tem- 
pera ture ,  ionic s t rength  and pH, thus making  it 
possible  to detect  microbia l  ant igens in media  as 
di f ferent  as blood, cerebrospina l  fluid, urine,  
gas t ro in tes t ina l  and resp i ra to ry  secretions.  

To increase the eff ic iency of ant igen detect ion 
in such media  it is at t imes necessary  to use 
ant ibodies  which react  wi th  a large n u m b e r  of 
di f ferent  antigenic de te rminan t s  to insure  react ion 
with the fo rm of the ant igen which is expressed 
during the course of the infection. This is par- 
t icularly p rob lemat ic  when monoclonal  ant ibodies  

357 



Miotti  P.G. Eur. J. Epidemiol, 

are used to recognize specific, individual epi topes 
on the infectious antigen. 

The kinetics of the ant igen-ant ibody react ion  
in the non-compet i t ive  solid phase  assays com- 
monly  used to detect  microbia l  ant igens are des- 
cr ibed by the law of mass  act ion i7, 32): 
(Ag A b ) /  (Ag) (Ab) = Ka  

in which (Ag) = concent ra t ion  of the antigen, 
(Ab) = concent ra t ion  of the ant ibody,  

(AgAb) = concent ra t ion  of ant igen-ant ibody 
complex,  Ka = aff ini ty cons tan t  of  the ant ibody.  
As the unknown  antigen can only be m eas u red  when  
complexed  with  the specific ant ibody,  the sensitiv- 
ity of an i m m u n o a s s a y  largely depends on two 
fac tors  : 1) concent ra t ion  of the an t ibody ;  and 2) 
avidi ty of the an t ibody  ( sum of the affinit ies of 
the di f ferent  monospec i f ic  ant ibodies  fo rming  a 
polispecific antis,erum). The total  an t ibody  con- 
cent ra t ion  avai lable for  the detect ion of the anti- 
gen is a funct ion of the concen t ra t ion  of the im- 
munoglobul in  in the an t i s e rum and the p ropor t ion  
of immunoglobu l in  specifically d i rec ted  at  the 
ant igen to be m e a s u r e d ;  this is, for  example,  
ma rked ly  lower  in post- infect ious c o m p a r e d  to 
h y p e r i m m u n e  sera. 

The second mos t  i m p o r t a n t  l imit ing fac tor  
of i m m u n o a s s a y  for  the detect ion of complex  
ant igens in the specifici ty of the an t ibody  which 
is used. 

Antigens p repared  f rom tissue cul ture  ,or ani- 
ma l  sources  of ten contain  antigenic de t e rminan t s  
of host  origin that  resist  pur i f ica t ion  a t t emp t s  
by  phys iochemical  techniques.  Immun iza t i on  of 
animals  with such antigens can lead to the prod- 
uct ion of ant ibodies  directed against  host  com- 
ponents  (37). Non-specific react ion  can also occur  
th rough  the F (c)  pa r t  of the an t ibody  molecule,  
when  it reacts  wi th  rheuma to id  factor-l ike sub- 
s tances  p resen t  in se rum or o ther  body fluids (16). 

Most deve lopment  work  in immunoassays  for  
detect ion of infect ious mic roorgan i sms  has focus- 
ed on fo rma t s  which pe rmi t  an increase of the 
signal wi thou t  a concomi tan t  increase of the 
background  act ivi ty (7, 15, 44). This can be 
achieved in two ways :  1) i m p r o v e m e n t  of the 
kinetics of ant igen-ant ibody interact ions,  for  
exampte,  by  devising l iquid-phase r a the r  than  
solid-phase f o r m a t s ;  and  2) uti l ization of highly 
pur i f ied  immunoreagen t s .  The ach ievement  of 
higher  sensit ivity levels is critical to be able to 
rap id ly  detect  microbia l  antigens at dif ferent  
stages of infections. Compara t ive  studies (22) 
utilizing dif ferent  commerc ia l ly  available immuno-  
assay sys tems  for  the direct  detect ion of ro tav i rus  
in stools have shown c learcut  differences  in the 
abil i ty to detect  ro tav i rus  ant igens in d iar rheal  
stool a f te r  the first  2-3 days of over t  disease. 

Analogous assay fo rma t s  can thus display d i f f e r e n t  
degrees of sensit ivity when  low amoun t s  of anti- 
gen are p resen t  due to the rapid  decrease of viral 
repl icat ion and the complexing of ant igen with  
endogenous  an t ibody  in the fo rm of immuno-  
complexes° 

Fur the rmore ,  the direct  detect ion of antigenic 
molecules in body  fluids by  specific ant ibodies  
can be p rob lema t i c  in the case of intracel lular  
ant igens;  these are difficult  to ex t rac t  f rom sites 
inaccessible to labeled an t ibodies  wi thout  al ter ing 
their  ant igenici ty  (27). Thus, more  sensit ive assays 
need to be developed which can detect  infectious 
ant igen molecules  at  the s u b n a n o g r a m  level and 
in mic roenv i ronmen t s  that  are unfavorable  to 
ant igen-ant ibody reactions~ 

ROLE OF ANTIBODIES IN IMMUNOASSAYS. 
MONOCLONAL ANTIBODIES 

While the deve lopment  of high quali ty im- 
munoreagen t s  such as aff ini ty pur i f ied  ant ibodies  
for  a n u m b e r  of infect ions agents  have provided  
the basis  for  a more  widespread  usage of rapid  
assay systems,  advances  in monoclonal  an t ibody 
p roduc t ion  has al lowed for  the deve lopment  of 
highly specific, reproducib le  assay sys tems (13). 
Advantages of  monoclonal  ant ibodies  for  the de- 
tection of defined ant igens include unl imi ted  sup- 
ply of a reagent  which can unequivocal ly  distingu- 
ish infect ious f rom host  ant igens (17);  in addi- 
tion, the fact  that  each molecule  of  monoclona l  
an t ibody  is directed at the target  ant igen can 
resul t  in an effective increase of the active anti- 
body concent ra t ion  available for  in terac t ion  wi th  
the antigen. There  are however  potent ia l  p rob l ems  
with the use of monoclonal  ant ibodies  in immuno-  
assay systems.  

One such p rob lem is the lower  aff ini ty of ten 
exhibited by monoclonal  ant ibodies  (9, 48) which 
may  offset  the advantages  derived f rom increased 
an t ibody  concentra t ion.  The kinetics of the anti- 
gen-ant ibody react ion requires  that  an t ibody  reacts  
at d i f ferent  sites of large pro te ins  ant igen to 
p roduce  the high aff ini tv binding necessary  in 
immunoassay .  

In  addi t ion some monoclonal  ant ibodies  tha t  
are di rected at  a very na r row  range of antigenic 
de te rminan t s  might  not  recognize a large percent-  
age of na tura l  isolates of a mic roo rgan i sm and 
might  lead to false negatives reactions.  This can 
occur, for  example,  wi th  agents  such as Entero-  
viruses  which display grea t  antigenic variabil i ty.  
Screening of relatively b road ly  react ive clones is 
thus necessary  to enhance the range of detectable  
antigenic de te rminants .  
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E N Z Y M E  I M M U N O A S S A Y S  

Enzyme immunoassays  (EIA or  ELISA) which 
utilize enzyme-linked immtmoreac tan ts  bound to 
a solid phase by a series of antigen-antibody have 
gained a widespread usage as practical  systems 
for the detection and quant i ta t ion of infectious 
antigens (49). This can be a t t r ibuted to the high 
sensitivity of EIA systems due to the fact that  
a single molecule of enzyme catalyzes the con- 
version of a large number  of molecules of sub- 
strate. Thanks to such extensive magnificat ion 
of the antigen-antibody reaction, the results can 
be interpreted visually or objective measurements  
of the colored reaction products  can be obtained 
by simple colorimetr ic  instrumentat ion.  

Since microt i ter  plate colorimeters  that  can 
measure  a large number  of reactions in a short  
period of time are available, EIAs can be adapted 
to large scale testing of infectious agents in large 
hospitals and to epidemiologic surveys. In addi- 
tion, central  laboratories are often equipped to 
measure  high energy substrates such as fluores- 
cent and chemoluminescent  compounds.  Such 
substrates can be detected in much  smaller quan- 
tities than chromogenic  substrates (39, 45, 50), 
ul t imately allowing for a faster detection of clin- 
ically relevant pathogens. On the other  hand, mi- 
crot i ter  plates in which ant ibody to different 
infectious agents have been previously bound can 
be s tored at 4°C for periods up to several months  
and can then be utilized even in small laboratories 

OlIUEClr ANTIGEN ASSAY 
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Direct (or "sandwich") ELISA for antigen detection begins with 
b l a d i ~  o f  ~ ,c t~w ¢mtibodlI to microtitration plate well (1). 

tell =lmwimm= ie added, antigen to which the antibodlt is 
wlU a d o r e  to the antibodlt (2). Next, enzllme-labeled 

specific antibodg is added, completing the sandwich (3). "In the 
final step, addition of enzgme's substrate results in a color 
change (read bg eve or measured b~ machine) proportional to 
the amount of antigen in test specimen (4). 

INDIRECT ANTIGEN ASSAY 
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with Specific 

1 2 Antigen 

\ 
Specific 

Antibody 

Unlabeled Heterologous 
Antibody (Ab2) 

Enzyme-Labeled Substrate 
Antibody to Ab2 / /  

Unlike direct ELISA, indirect ELISA for antigen detection uses added (2), unlabeled antibodg from another animal species is in- 
enzyme-labeled antiglobulin and unlabeled specific antibodtt troduced (3). Addition of enzgme-labeled antibodl/ directed at 
from two di~erent animal sources. Thus, after antibody from second animal species" globulin (4) sets the stage for a color 
one animal species is bound to well (1) and the test specimen is change when enzyme's substrate is introduced (5). 

Figure 1. - Enzyme immunoassay:  Direct and indirect  antigen assay. 
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to investigate,  for  example,  ou tb reaks  of gastro- 
intest inal  or uppe r  r e sp i ra to ry  disease in sett ings 
such as day care centers  and nurs ing homes.  

There  are a n u m b e r  of  ways in which EIA 
sys tems  can be formula ted .  Figure 1 depicts  the 
two mos t  c o m m o n  fo rms  of EIA for  ant igen de- 
tection. I t  should be noted  that  even in their  
s imples t  fo rmula t ion  EIA require  abou t  4 hours  
to comple te  and such a t ime per iod may  be too 
long for  the effective m a n a g e m e n t  of serious bac- 
terial  or  viral  infections of the chi ldhood such 
as Haemophilus inf!uenzae meningi t is  or  Herpes  
s implex encephalit is .  This is due to the fact  that  
m o s t  of the cur ren t ly  available immunoassays  
sys tems require  fair ly lengthy incubat ion and 
washing steps. Recent ly assays have been develop- 
ed which a t t e m p t  to e l iminate  such steps,  thus 
s implifying the test  p rocedure  and reducing the 
p e r f o r m a n c e  time. Thus EIA fo rma t s  have been 
devised in which only one incubat ion step is 
necessary.  The double de t e rminan t  assay (51) is 
par t icular ly  sui table for  use wi th  monoclonal  an- 
t ibodies because  clones can be selected tha t  are 
di rected at  d i f ferent  de te rminan t s  of a macro-  
molecu la r  antigen. EIA utilizing this f o r m a t  for  
the detect ion of ro tav i rus  in stool can be com- 
ple ted in abou t  40 minutes .  

PARTICLE AGGLUTINATION ASSAYS 

noassay sys tems (Fig. 2). However ,  antibody-coat-  
ed latex mic rospheres  also bind to the antigen 
cap tu red  on the micropla te  solid-phase. As the 
binding of a relatively small  an t ibody  molecule  
to solid-phase ant igen resul ts  in the a t t a chmen t  
of relat ively large, opaque  latex microspheres ,  
this sys tems offers  the potent ia l  for  the magnifi-  
cat ion of the initial solid phase  ant igen-ant ibody 
react ion wi thout  the need for  enzyme-subs t ra te  
reactions.  Thus visual de te rmina t ions  are as ac- 
cura te  as i n s t rumen t  m e a s u r e m e n t s  in distin- 
guishing posit ive f rom negative specimens.  

The CASPIA assay has been appl ied to the 
m e a s u r e m e n t  of antigens of two bacter ia l  patho- 
gens that  f requent ly  cause serious disease in chil- 
dren, H. in[luenzae and group A beta hemolytic 
streptococcus, and of the c o m m o n e s t  cause of 
infantile diarrhea,  ro tavi rus  (23). By using com- 
mercia l  latex reagents  CASP1A was able to achieve 
sensit ivity levels that  were  significantly grea ter  
than those of t radi t ional  slide agglut inat ion assays 
and at  least  equivalent  to those of ELISA systems.  

The CASPIA sys tem makes  use of improved  
diffusion kinetics of the immunoreagen t s  to con- 
s t i tute  an example  of an efficient,  low cost  me thod  
that  might  be  an a l ternat ive  to t radi t ional  micro- 
biological techniques  in a wide range  of clinical, 
l abora to ry  and epidemiological  c i rcumstances .  

In  per iphera l  env i ronments ,  in which me thods  
of rap id  diagnosis can be mos t  advantageous ly  
used, even the s imples t  i n s t rmnen ta t ion  may  be 
lacking. Although object ive  quant i t a t ion  of ant igen 
content  in clinical specimens  is highly desirable,  
in tha t  it reduces  the e r roneous  in te rprea t ion  
of border l ine  results,  qual i tat ive assay  sys tems 
can be valuable  in such envi ronments .  

Part icle  agglut inat ion is one such sys tem 
which makes  use of an t ibody  immobi l ized  onto 
visible par t ic les  such as latex beads. Latex ag- 
glut inat ion assays have been applied to the de- 
tect ion of var ious  pa thogens  (2, 18, 19, 21, 38), 
thanks  to s imple  react ion  protocols ,  rapidi ty  and  
favorable  diffusion kinetics. However  agglutina- 
t ion assay have not  ob ta ined  widespread  usage 
as they have exhibi ted a lower  degree of sensit ivity 
than  analogous enzyme i m m u n o a s s a y  sys tems 
(22, 30). In  addit ion latex agglut inat ion systems,  
unlike EIA, are difficult  to apply  to large number s  
of samples.  

A centr i fugat ion-augmented-sol id-phase- immu" 
noassay  (CASPIA) has  recently been  developed 
which combines  the advantages  of enzyme im- 
munoassays  and part ic le  agglutinat ion assays,  bu t  
avoids their  individual  d isadvantages  (23). 

The CASP!A assay is based  on the binding 
of ant igen to a solid phase  surface like in tradi- 
t ional  isotopic,  enzymat ic  and f luorescent  immu-  

NUCLEIC ACID HYBRIDIZATION TECHNIQUES 

The abil i ty to rapidly  ident i fy mic roorgan i sms  
wi thout  the need for them to repl icate  has  made  
immunoassays  a very a t t rac t ive  sys tem in diag- 
nostic microbiology.  The use of immunoassays  in 
diverse clinical s i tuat ions has  become  par t icu lar ly  
widespread  for  the diagnosis of c o m m o n  infec- 
tions such as resp i ra to ry  infect ions caused by  
group A beta hemolytic Streptococcus (6, 11, 12, 21). 

However ,  a t t emp t s  have been made  to over- 
come the inherent  l imitat ions of immunoassays  
i.e. the kinetics of the ant igen-ant ibody react ion  
by non- immunological  techniques which rely on 
the detect ion of a mic roo rgan i sm ' s  genome ra ther  
than  its prote in  end products .  

These techniques are based  on nucleic acid 
hybridizat ion i.e. on the fact  tha t  a nucleic acid 
single s t rand  lines up precisely wi th  ano ther  single 
s t rand  containing a c o m p l e m e n t a r y  base  sequence, 
adenine opposi te  thymine,  guanine opposi te  cyto- 
sine. Thus nucleic acid nucleot ide sequences in 
a target  o rgan ism hybridize c o m p l e m e n t a r y  sequ- 
ences of a specific nucleic acid probe.  

As this p robe  is bol.md to labels analogous 
to those utilized in immunoassays ,  object ive measu-  
r emen t s  of the detected sample  nucleic acid can 
be obtained.  Figm-e 3 depicts  schemat ica l ly  the dif- 
ferent  s teps involved in DNA hybr idizat ion assays.  
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Figure 2. - Principle of CASPIA. (1) The wells of micro- 
titer plates are coated with antibody directed at the anti- 
gen to be measured. (2) Particulate antibody to the antigen 
and the sample to be tested are added. If there is antigen 
(Ag) in the sample, it will bind to the solid-phase antibody 
and to the particulate antibody causing the particles to 
adhere to the solid phase. (3) The microplate is centrifuged 
at ~ 1,500g for 15 rain. The presence of antigen in the 
solid phase is manifested by particles remaining on the 
solid phase (3a). Specimens not containing antigen will 
result in the particles migrating to the bottom of the 
wells (3b). The presence of the particles on the side of 
the wells can be seen macroscopically, recorded by a 
photocopying device, or measured by a microplate color- 
imeter. (From reference #23). 

These  s t e p s  invo lve  the  c h e m i c a l  e x t r a c t i o n  
of  t he  n u c l e i c  ac id  f r o m  the  c l in i ca l  s a m p l e  a n d  
i t s  d e n a t u r a t i o n  b y  p h y s i c a l  o r  c h e m i c a l  m e t h o d s  
to  m a k e  i t  s ing le  s t r a n d e d .  The  e x t r a c t e d  s ing le  
s t r a n d e d  n u c l e i c  a c i d  is t h e n  f ixed,  b y  h e a t i n g ,  
to  a m e m b r a n e  ( m o s t  c o m m o n l y  n i t r o c e l l u l o s e )  
so as  to  avo id  s e l f - annea l i ng  a n d  i n c u b a t e d  w i t h  
l a b e l e d  s ing le  s t r a n d e d  n u c l e i c  a c i d  p r o b e .  A f t e r  
h y b r i d i z a t i o n  the  f i l t e r  is w a s h e d  to  r e m o v e  un- 
b o u n d  p r o b e  and ,  i f  a r a d i o l a b e l e d  p r o b e  has  
b e e n  used ,  e x p o s e d  to  a n  X- ray  f i lm.  This  f o r m a t  
h a s  b e c o m e  the  m o s t  u n i v e r s a l l y  u t i l i z e d  a n d  is 
k n o w n  as  m i x e d - p h a s e  h y b r i d i z a t i o n  as  i t  e m p l o y s  
a l i q u i d  p h a s e  p r o b e  to  b i n d  a t a r g e t  n u c l e i c  
a c i d  i m m o b i l i z e d  on  a so l id  p h a s e  ( t h e  n i t r oce l -  
l u lose  f i l t e r ) .  

A p p r o X i m a t e l y  s i m i l a r  r e l a t i o n s h i p s  a p p l y  to  
RNA-DNA h y b r i d s  a n d  RNA-RNA h y b r i d s .  As s u c h  
r e a c t i o n s  haste v e r y  e f f i c i e n t  k i n e t i c s  in  t he  pres -  
ence  of  a l a r g e  n u m b e r  of  h y d r o g e n  b o n d s  be-  
t w e e n  s ing le  s t r a n d s  of  t a r g e t  a n d  p r o b e  nuc l e i c  
ac id ,  t h e r e  is a p o t e n t i a l  fo r  r a p i d  d e t e c t i o n  o f  
v e r y  s m a l l  q u a n t i t i e s  of  m i c r o b i a l  n u c l e i c  a c i d  (1) .  

Denature 1 S DNA 
Denature 

...... - ............................. DNA in 
solution 

| Absorb s;ngle 
1, strands to filter r 

t I ~ Dip filter in solution 

Remove filter and 
determine whether 
any additional DNA 
bound 

Figure 3. - DNA hybridization assay. Reaction between 
microbial DNA extracted from a clinical sample (LEFT) 
and labeled DNA probe (RIGHT). 

F u r t h e r m o r e ,  u n l i k e  in  i m m u n o a s s a y s ,  t he  
s a m e  p r e p a r a t i o n  p r o c e d u r e s  can  b e  u s e d  f o r  
c l in i ca l  s a m p l e s  of  d i f f e r e n t  n a t u r e ,  as  m ic ro -  
o r g a n i s m s '  n u c l e i c  a c i d s  a r e  c h e m i c a l l y  a l ike .  
T a b l e  1 d e s c r i b e s  a p p l i c a t i o n s  a n d  m a i n  a d v a n t a -  
ges  o f f e r e d  b y  h y b r i d i z a t i o n  t e c h n i q u e s  in  diag-  
n o s t i c  m i c r o b i o l o g y .  S e v e r a l  r ev i ews  c o v e r  in  
d e t a i l  p r i n c i p l e s  a n d  p r a c t i c e s  of  n u c l e i c  a c i d  
h y b r i d i z a t i o n  (1, 8, 24, 41). 

T A B L E  1. 
Proper t ies  of nucleic acid  probes  

in diagnost ic  microbiology.  

1. High sensi t ivi ty  due to efficient kinetics of  hybrid-  
izat ion react ions.  

2. High specif ici ty due to detec t ion  of highly con- 
served genetic sequences in ant igenical ly  di f ferent  
s t ra ins  of  the microb ia l  agent.  

3. S imul taneous  detec t ion  of nucleic acid  in large 
n u m b e r  of clinical  specimens in epidemiologic  
studies.  

4. Abil i ty to detect  sequences coding for  virulence 
fac tors  ( e . g . E .  coli toxins) .  

5. Abil i ty to de tec t  mic roorgan i sms  in la tent  phase,  
complexed  wi th  ant ibody,  in t race l lu lar ly  seques- 
te red  or  diff icult  to cult ivate.  

6. Ease of p roduc t ion  of p robes  of p rede t e rmined  
specificity.  
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The final efficiency of t h i s  tecnique when 
applied to the detection of microbial  nucleic 
acids in clinical samples depends largely on 
the conditions under which =hybridization re- 
actions occur. Hybridization of complementary 
strands, a concentration-dependent reaction, is 
especially influenced by factors such as length 
of nucleotide sequence, ionic strength, tempera- 
ture and viscosity. The per formanCef ime of hy- 
bridization reactions is also affected/by the prac- 
tical constraints of the amount of radiolabeled 
probe which can be used. 

Furthermore,  the hybridization principles can 
be applied with variable degrees of efficiency in 
different assay formats. In dot hybridization, 
which is the most frequently used technique, 
nucMc acids are extracted f r o m  the specimen 
and applied directly to nitrocellulose membranes. 
This minimizes any preparation steps and allows 
for the processing of large number of specimens 
using multichannel microfiltration units which 
can apply several samples on membranes. In ad- 
dition, the labeled probe can be removed and the 
membranes .containing the original sample nucleic 
acid can be rehybndlzed with probes of different 
specificity. 

Clinically relevant applicati,ons of dot hybrid- 
ization assays include the identification of E. coli 
in s tools ,  of Neisseria gonorrhoeae in Urethral 
swabs, ~ of Varicella-zoster in skin vescicles, of  
Cytomegal6vifiis ifi: Urine, of Epstein-Barr virus 
i n  throat washir~gs and of Human Immunodefi- 
ciency Virus iii Cu!tures of peripheral •blood cells 
(3, • 15, 25, 26, 31; 36). 

In Southern hybridi)afion analysis .the sample 
nucleic acid is cut b y  specific restr ict ion endo- 
nucleases, el ectrophoresed in gel to separate DNA 
pieces of different molecular weight and then 
transferred to nitrocellulose (40). Although this 
technique doe s~n0 t lend itself to immediate clin- 
ical usage, it has been applied to the epidemiol- 
ogic study of the relationship between infections 
arid tumor development. For  example integration 
of hepatitis B virus DNA into hOst DNA has been 
demonstrated in individuals with hepatocellular 
carcinoma (35). A relationship has been establish- 
ed between chronic Epstein-Barr  infection and 
development of nasopharyngeal carcinoma (46). 

The sandwich hybridization • assay (47) is an- 
other fo rmat  which makes use: of  two nucleic acid 
fragments, one immobilized onto nitrocellulose 
and the other added as a soluble labelled probe .  
Both fragments are comp!ementary to the se- 
quence to be identified. ..... 

The sandwich f6rmat offers the potential of 
a 'h igher  sensitivity due to higher concentration 
of nucleic acid reagents; fur thermore it can dis- 
p l a y  higher specificity because the test sample 
is kept in solution, unlike most hybridization 
methods in which the sample DNA is fixed to 

a solid support along with other interferenig 
substances present in the sample. This is par- 
ticularly important for the detection of nucleic 
acids in crude clinical samptes such as naso- 
pharyngeal aspirates and urine (33). Overnight 
tests based on sandwich hybridization have been 
constructed for detection of Adenovirus, Chla- 
mydia trachomatis, Cytomegalovirus (29, 34, 43). 

Despite the potential for widespread applica- 
tion, nucleic acid hybridization techniques have 
suffered the major drawback of utilizing radio- 
isotopes-labeled (32p or 3ss) probes. These require 
costly instrumentation and pose a biological haz- 
ard. Thus, recently, efforts have been made to 
overcome such problems by developing nucleic 
acid hybridization techniques which use enzymatic 
labels in a fashion analogous to immunoassay 
formats. Methods have been devised which utilize 
the co-factor biotin as a hapten molecule for the 
labeling of nucleic acid probes. These methods 
have proved to be very sensitive in that they 
exploit the very high affinity of biotin for avidin 
(a glycoprotein found in egg white) (14). Thus 
an enzyme coupled with avidin can ultimately 
detect very small amounts of nucleic acid in the 
cl inical  sample (20). 

Recently there have been attempts to use 
such methods with microtiter plates, which a re  
widely available in clinical laboratories. Thus 
sandwich hybridization assays have been developed 
in which probe and sample nucleic acid react 
in solution in a microtiter plate well (42). As the 
hybridization reactions have a faster rate in liquid 
phase than in mixed phase on nitrocellulose, the 
assay performance time can be as short as 3 hours. 

Further improvements in labeling techniques 
and assay formats are necessary to make nucleic 
acid hybridization techniques applicable to wider 
clinical settings. As progress is made in the fine 
tuning of nucleic acid probes, it is likely that 
such probes will prove to be a versatile tool for 
the identification of pathogenic microorganisms. 

/ k  
PERSPECTIVES 

Great strides have been made in only a few 
years in the development of more rapid methods 
for the diagnosis of infectious diseases. Although 
it is likely that microscopy and culture will remain 
a valid standard for the routine observation and 
identification of microorganisms, new- techniques 
wil! be increasingly used side by side to detect 
infectious organisms. They will permit to make 
important clinical and public health decisions in 
much shorter time spans, thus decreasing the cost- 
benefit ratio of their usage. 

Immunoassay and nucleic acid hybridization 
systems, while not widely employed at the present 
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t ime ,  h a v e  m o s t  of  t he  d e s i r a b l e  f e a t u r e s  of  ac- 
c u r a c y ,  r a p i d i t y  a n d  p r a c t i c a l i t y .  F u r t h e r  deve lop-  
m e n t s  in  t h e s e  a s s a y s '  e f f i c iency ,  s p e e d  a n d  re- 
a g e n t s '  l ong  t e r m  s t a b i l i t y  wi l l  a l l o w  fo r  a m a r k e d  
i m p r o v e m e n t  in t he  c a r e  of  p a t i e n t s  w i t h  infec- 
t ious  d i seases .  I n  a d d i t i o n  such  t e c h n i q u e s  "will 
a l l o w  to co l l ec t  e s s e n t i a l  e p i d e r n i o l o g i c a l  d a t a  in  
a n u m b e r  of  y e t  u n k n o w n  h e a l t h  c a r e  s i t u a t i o n s .  
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