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Introductory remarks 

Epidemiology is concerned with the cause, distribution and 
frequency of infectious diseases, as well as the distribution 
and transmission of infectious agents. Thus, diagnosis is the 
identification of an infectious agent in a host or in its prod- 
ucts (urine, stool, saliva etc) and is intimately linked to epide- 
miology. The separation of the terms is in many cases arti- 
ficial. The number of  infectious agents is enormous. They 
range from viruses to multicellular eukaryotic organisms 
such as fungi and worms. Obviously, it is impossible to sum- 
marize the exciting new discoveries and developments con- 
cerning all infectious diseases in a-reasonable space. There- 
fore, this multi-author review is restricted to the field of 
virology. 
Viruses can neither be seen by the naked eye nor with the 
light microscope. Therefore, they are mysterious agents and 
were poorly understood for a long time. Since viruses do not 
possess synthesizing machinery they are obligatory parasites 
and multiply only in living cells. Virions - the extracellular 
infectious units -consis t ,  after they have been released into 
the extracellular space, essentially of a program which is 
protected by protein molecules. The latter provide a few 
biological functions which allow a virus to penetrate a living 
cell. Thus, outside the living cell a virus only has an inactive 
potency. 
In the viral kingdom, a bewildering variety of organizations 
of the programs is encountered. They may consist for in- 
stance of double-stranded or single-stranded deoxy- 
ribonucleic acid (DNA), or of double-stranded or single- 
stranded ribonucleic acid (RNA); they may be divided into 
split genomes, or contain partially double-stranded and par- 
tially single-Stranded DNA. The single-stranded RNA may 
have a positive polarity serving as a messenger RNA or a 
negative polarity unable to serve as a messenger RNA. This 
flexibility of different program organizations provides the 
basis for the classification, and it explains the various multi- 
plication strategies viruses use in the living cell. 
The life-cycle of  viruses can be formally divided into a num- 
ber of phases. In a first phase, a virion is non-covalently 
bound to the cell surface if there are corresponding structures 
on both partners ( 'adsorption'). The virion or its program is 
then taken up, in eukaryotic cells either by fusion of the viral 
coat with the plasma membrane or by endocytosis ('penetra- 
tion'). Within the cell, the program of the virion is released 
from the surrounding structures ( 'uncoating') to provide a 
template for biosynthesis of messenger RNAs or to act itself 
as a messenger RNA. The stage is now set to force the cell to 
synthesize all the macromolecules encoded in the viral pro- 
gram ('transcription', 'replication', biosynthesis of proteins, 
transport of these proteins). Finally, the virus-specific mac- 
romolecules form geometric structures ( 'morphopoiesis') 
and the progeny virions are released from the cell ('release'). 
The entire bacterial, plant and animal k ingdoms are viral 
domains. Different viral families use different hosts and 

reservoirs, different mechanisms of transmission and sur- 
vival. Most families span both vertebrate and invertebrate 
animals, and some viruses even infect animals as well as 
plants. 
The symptomatology of the diseases results on the one hand 
from the interaction of the macroscopic host with the infect- 
ing virus population. Evidently, the organs or organ systems 
involved (liver, brain, etc.) reflect the pathways of distribu- 
tion of the invading virus and the binding possibilities be- 
tween cell types and viruses. On the other hand, the sympto- 
matology of the disease reflects also the interaction at the 
cellular level. Thus, some general disease types may be dis- 
criminated such as a) the acute type with a transient produc- 
tion of many progeny viruses combined with eventual shed- 
ding into the bloodstream (e.g. yellow fever); b) the chronic- 
persistent type with a long-range production of low amounts 
of viruses (e.g. hepatitis); c) the latent type with recurrences 
(e.g. Herpes simplex or varicella zoster); and d) the slowly 
progressive type (e.g. certain brain diseases). One could add 
e) the integrative types, where viral genomes or parts of them 
are integrated into the host genome (e.g. papova viruses and 
retroviruses). However, (e) concerns rather the replication 
strategy and does not fit into the above scheme of general 
disease types. 
Since viral replication encompasses multiple intracellular 
structures, including membranes (depending on the repli- 
cation strategy of a given virus family) such as nuclear, endo- 
plasmic, Golgi and cell surface membranes, viruses are also 
helpful tools in cell 'biology. Therefore a huge body of data 
concerning cell physiology as well:as the pathophysiology of 
viral diseases has been accumulated ~. 
Even though the virologist is confronted with seemingly end- 
less variations, there is a common denominator unifying the 
whole viral kingdom: viruses consist of protein and nucleic 
acid. Proteins are antigens and accessible to a battery of 
serological assays. Nucleic acids are amenable to the meth- 
ods of molecular biology. Thus, immunology and molecular 
biology provide the modern tools to study epidemiology, 
pathogenesis and diagnosis in the field of virology. 

Molecular biology and diagnosis 

The goal of all the new developments in the field of virus 
diagnostics is an early, specific and sensitive diagnosis, if 
possible directly in the specimens obtained from the patient. 
In earlier approaches, researchers were forced either first to 
multiply viruses from patients in cell culture or to use sera 
from patients whose antibody titer against a given virus in- 
creased in the course of the disease. The specificity or sensi- 
tivity of these earlier tests was not high enough to allow 
direct diagnosis with patient specimens, and thus diagnosis 
was desperately late in many cases. 
Today, molecular biology is the fastest growing area in medi- 
cine and provides more and more tools for rapid diagnosis. 
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The new approaches involve the application of recombinant 
DNA technology, protein biochemistry and monoclonal an- 
tibodies (MAB). Pure molecular species of DNA, RNA or 
protein can be prepared from cells from a mixture of either 
nucleic acids or proteins. I therefore expect that in the near 
future rapid diagnosis of microbial diseases directly in clin- 
ical specimens will gain more and more impact, based on the 
detection of a microorganism's proteins (antigens) by 
MAB's, or based on a microorganism's nucleic acids. 

Diagnos& based on microorgan&m's nucleic acids (nucleic 
acid hybridization) 2143, 4o 
DNAs are thread-like double-stranded molecules, contain- 
ing four types of base, adenine (A), cytosine (C), guanine (G) 
and thymine (T) which are covalently arranged in a 'species- 
specific' sequence within a strand. The bases of one strand 
bind specifically to the bases of the other strand according to 
the complementarity rule, forming hydrogen bonds between 
base pairs; G pairs with C and A with T. If a fragment of a 
known microbial single-stranded DNA is isolated and/or 
cloned in the laboratory by recombinant DNA technology, it 
may be either radiolabeled with 32p or labeled with non-ra- 
dioisotopic biotin and used as a probe to seek its complemen- 
tary strand in a clinical specimen (DNA-DNA hybridiza- 
tion). The latter is 1) spotted on a solid support (e.g. nitrocel- 
lulose filters) and used immediately for hybridization or 2) is 
used first to infect a cell culture growing on the support. 3) If  
the specimen contains bacteria, they may be grown on the 
support for a limited time. 4) Also, preisolated nucleic acids 
can be spotted on (dot-assay) or transferred to solid supports 
(e.g. after electrophoresis; Southern blot for DNA, Northern 
blot for RNA). The goal of all these variations is the same; to 
release the unknown nucleic acid from the microorganism, if 
possible directly on to the support, to fix it to the support and 
to hybridize it with the known labeled probe. Identification 
of an unknown DNA is then based on a positive signal 
following autoradiography (the 32p-labeled probe is bound 
to the unknown nucleic acid) or after an enzyme assay (the 
biotinylated probe is bound to the unknown nucleic acid and 
in turn binds a streptavidin-coupled enzyme). Different en- 
zymes may be used; alkaline phosphatase may be mentioned 
as one example. If cell cultures on the solid support are 
infected, the cells themselves may be used to provide the 
unknown partner for the hybridization, be it RNA or DNA. 
This approach is called in situ hybridization, a technique 
which may be important in patients whose sera are negative 
for the suspected viruses, as for example in cases of hepa- 
titis 4,46. Sometimes culturing cells is impossible, because 
tissue sections were initially fixed and (paraffin) embedded. 
Again, the nucleic acids in the infected cells can be used as 
hybridization partners 5. An example is the detection of cyto- 
megalovirus. The 32p-probe technique will not be widely ap- 
plied in clinical laboratories because of the short half-life and 
the bio-hazard of this isotope. A promising substitute will be 
biotin which is safe and stable. Biotin labeling has already 
been extensively used to detect in situ viral DNA or RNA in 
clinical specimens (cytomegalovirus 36, hepatitis B virus 35, 
Herpes simplex virus 5, adenovirus 5, Epstein-Barr virus49). 
Recently, the in situ hybridization for detection of specific 
messenger RNAs in individual cells using isotopic and non- 
isotopic probes has been optimized 48. 

Diagnosis' based on MABs 13 
In 1975, K6hler and Milstein 27 developed a technique for 
producing large quantities of pure MABs with pre-defined 
specificity. Spleen cells of an immunized (e.g. with a viral 
protein or peptide as an antigen) animal are fused in vitro 
with myeloma cells, a B-lymphocyte cell line with malignant 
growth characteristics. In the hybrid cell, the spleen cell pro- 

duces and sheds the antibody molecules; the spleen cell is 
immortalized by the myeloma cell. The hybrid cells secreting 
the appropriate antibody are then selected and propagated. 
In contrast to conventional polyclonal antibodies present in 
sera of immunized animals, MABs can be produced in un- 
limited amounts. In addition, they are highly specific re- 
agents and do not vary from one batch to another. Some 
MABs may be less sensitive than polyclonal antibodies and 
others may be too specific because they bind only to some 
types of an organism but not others tT. 
Immunocytochemistry 6 can then be used in tests for viral and 
bacterial diseases, but enzyme-linked immunosorbent as- 
says 29 are preferable if large series have to be worked up 
daily. 
The use of MABs can be combined with more elaborate 
procedures such as protein separation with electrophoresis 
and transfer of the separated proteins onto supports (Wes- 
tern blot). There are numerous viruses for which MAB tests 
have been developed. Tests for respiratory syncytial virus 
(RSV), Herpes simplex virus (HSV) and cytomegalovirus 
(CMV) are in an advanced stage. MABs were also used to 
detect RSV directly in nasopharyngeal aspirates 2, 24. 
To prevent severe damage of the newborn, rapid diagnosis 
(within hours) of HSV infection of the cervix in pregnant 
women immediately before delivery will be of great impor- 
tance 7. 
In the case of CMV, which causes severe disease in immuno- 
compromised patients, fast tests for diagnosis are also 
needed ~9'2~ since conventional cell cultures assays may 
take up to 6 weeks. 

Molecular biology and pathogenesis 

The last 20 years have brought great progress in the under- 
standing of the biochemical mechanisms involved in viral 
pathogenesis. However, the same level of knowledge has not 
yet been achieved as in the field of intracellular replication. 
In order to propagate, viruses must not only find susceptible 
cells, but they must also surmount host defence mechanisms 
for a sufficient period of time. Therefore, host defense re- 
actions may themselves contribute to pathogenesis. 
Some viruses, such as respiratory viruses, replicate and pro- 
voke a disease at the site of entry. In contrast, other viruses, 
such as enteroviruses, enter the host and spread to other 
organs. Many host and viral factors interact to shape the 
outcome of infections at the microscopic and macroscopic 
host level. Some aspects will be reviewed here. 

Entry into the host, binding to the cell surface and polarity 
phenomena 
Most viruses enter their host through the mucosa of the 
respiratory and gastrointestinal tracts. In case of viruses pro- 
ducing a disease at the entry site (e.g. influenza, respiratory 
tract; rotavirus, gastrointestinal tract), the cells involved in 
the entry, the cells of the primary replication, and the cells of 
the target organ are identical. In case of viruses which distrib- 
ute within the host, a mucosal barrier must first be pene- 
trated (e.g. enteroviruses such as poliovirus: entry in the 
gastrointestinal tract, disease of the central nervous system; 
varicella virus: entry in the respiratory tract, disease of the 
skin). There are some fascinating aspects behind these facts. 
a) Poliovirus, for example, is an unusually resistant virus and 
survives the milieu stresses of the gastrointestinal tract such 
as acid pH, detergent action of bile salts and proteolytic 
enzymes. Depending on the type, reoviruses may or may not 
be inactivated by chymotrypsin. The resistance in vitro of a 
given type towards this proteolytic enzyme correlates with its 
capacity to replicate in vivo a3. Thus, a certain gene (the M2 
gene) seems to be a determinant of reovirus virulence by 
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regulating viral survival at the mucosal barrier, b) Viruses 
penetrating the mucosal barrier may utilize specialized intes- 
tinaP 6 or respiratory epithelial 56 cells, the M cells overlaying 
Peyer's patches, tonsils and bronchus-associated lymphoid 
tissue. These cells take up particulate materials and transport 
them to cells of the lymphoid tissue of the antiluminal sur- 
face. c) Polarity phenomena at the cellular level may explain 
why certain enveloped viruses such as influenza virus are 
shed into the lumen of the entry organ, thus provoking a 
local instead of a generalized infection. A model epithelial 
system in vitro is the Madin-Darby canine kidney cell line. 
When confluent, these cells form an epithelium-like sheet 
with circumferential tight junctions which divide the cells 
into two polar domains. An apical one corresponds to the 
luminal surface of the renal tubule, and a basolateral one 
corresponds to the laminar surface. Influenza and parain- 
fluenza viruses mature only at the apical ('luminal') surface; 
vesicular stomatitis virus buds from the opposite surface 42. 
This polarity of virus maturation may be a consequence of a 
directed integration of viral membrane proteins into the cell 
surface membrane, and this in turn seems to be due to a 
specific targeting in the Golgi complex 4l. In addition, enve- 
loped animal viruses have an infection polarity topographi- 
cally coinciding with their maturation polarity. In the case of 
the vesicular stomatitis virus, the infection polarity may re- 
flect the receptor polarity ~4. In the case of influenza virus 
which contains neuraminidase, infection from the basola- 
teral side may be impossible due to the presence of  sialic 
acid-containing serum protein ~5. Other examples of polarity 
can be cited in addition, for example hepatitis A or B viruses. 
The B virus is shed into the bloodstream, whereas the very 
stable hepatitis A virus, a picorna virus 34, is secreted via bile 
and stool. The nature of viral binding sites on the cell surface 

termed receptors - is in many cases undefined. Binding 
studies may reveal thousands of binding sites on permissive 
cellsl2, 32. Since even cell membrane-integrated viral proteins 
were shown to mediate adsorption of unrelated viruses 15, the 
term 'receptor' seems to be inappropriate, the more so since 
'receptors' identified so far have their own physiological 
functions 9. 
Viruses such as hepatitis B and many of the arthropod-borne 
toga- and bunyaviruses are inoculated directly into the 
bloodstream. Here, the virions are immediately distributed 
to their target organs. Again, polarity phenomena may play 
a role. The representative of the encephalitic togaviruses, 
Semliki Forest virus, infects through the basolateral sur- 
face 15. 

Endocytosis and cell-cell fusion "from within' 
Many cell-bound virus types are ingested by endocytosis, 
that is through coated pits and endosomes. Apparently, even 
the most complex virions which are enveloped by a lipid 
bilayer, studded with virus-coded proteins (such as parain- 
fluenza-, influenza-, rhabdo- and togaviruses) are taken up 
as a whole. Endosomes carry proton pumps 54 which acidify 
their contents; thereby viral envelope proteins may undergo 
a conformational change which triggers the fusion of the 
viral envelope with the endosomal membrane 5~ In conse- 
quence of this, the inner part of the virion the nucleocapsid 
or core - ,  containing the genomic nucleic acid is ejected into 
the cytoplasm. 
The viral proteins involved in fusion are called fusion (F) 
proteins (e.g. Sendai virus: the envelope glycoprotein F44; 
influenza virus: the hemagglutinin, an envelope glycopro- 
tein25, 30). In these cases, a proteolytic cleavage is required 
during maturation to render the virion fusogenic and infec- 
tive. Staphylococcus aureus strains secrete a protease which 
performs the cleavage activation of influenza hemag- 
glutinin 52a. Cultured cell lines which lack a trypsin-like enzy- 

matic activity to perform this cleavage undergo a single cycle 
infection. Having been infected with a competent, fusogenic 
virus, these cells produce noninfectious, nonfusogenic prog- 
eny virus incapable of a next round of infection. These viri- 
ons can be rendered infectious by trypsin treatment in vitro 3~ 
Sendai virus with uncleaved F does not replicate in the lungs 
of mice unless previously activated by trypsin 52. Influenza A 
viruses with noncleaved hemagglutinin are not even inter- 
nalized after adsorption 45. Probably the cleavage results in 
fusogenicity by creating and exposing a hydrophobic N-ter- 
minus of the fusogenic protein which then interacts with a 
bilayer ~, 18. It must be noted that the fusogenic behavior is not 
observed solely during infection, either at the plasma mem- 
brane (fusion from without, FFWO) or in endosomes, but 
also during maturation. This is explained by the fact that in 
infected cells newly synthesized viral envelope proteins are 
transported by vesicles in a fashion similar to host cell sur- 
face proteins from the endoplasmic reticulum to the Golgi 
apparatus. These are finally integrated as transmembrane 
proteins into the cell surface membrane. In most cases, the 
organization of such viral transmembrane proteins (enve- 
lope proteins) is relatively simple and corresponds to the 
arrangement in the released mature virion as for example in 
case of Semliki virus~6: a short, C-terminal domain in the 
cytoplasmic compartment is followed by a hydrophobic 
transbilayer stretch and a long N-terminal, glycosylated, 
sequence is localized on the extracellular face. Therefore, 
(pH-dependent) conformational changes can be artificially 
introduced and result in cell-cell fusion in an infected mono- 
layer cell culture 26,37. This is called fusion from within 
(FFWI) 3 and corresponds to the well-known giant cell or 
syncytium formation which is one of the classical forms of 
cytopathic effects (CPE) in cell culture or in vivo H. We there- 
fore consider endosomal fusion during infection to be a very 
similar phenomenon to F F W !  during maturation at a topo- 
graphically different place of the cell. 

Cellular injury 
Viral virulence is expressed in many cases in the destruction 
of infected cells in the target tissues. The specific basis for this 
deleterious effect is not well understood. Most viruses under- 
going a lyric replication cycle reduce or eliminate host-cell 
DNA, RNA and protein biosynthesis. 
Vesicular stomatitis virus rapidly shuts off cellular RNA 
synthesis at the level of nuclear transcription 55. This effect 
may be brought about by an action of the glycoprotein of the 
infecting virions 33. Similar effects have been reported for 
mumps viral glycoproteins 57. At least one factor required for 
specific transcription by RNA-polymerase II is deficient in 
extracts from poliovirus-infected cells 8. Vaccinia virus, on 
the other hand, induces a rapid degradation of cellular mes- 
senger (m)RNA. This in turn leads to inhibition of cellular 
protein synthesis and its diversion to exclusive production of 
viral proteins 39. Many cytocidal RNA viruses (polio, mengo, 
reo, Newcastle disease virus, vesicular stomatitis virus, Sind- 
bis virus) cause an inhibition of host DNA synthesis. The 
mechanism is obscure; in some cases, hydrolytic enzymes of 
precursor deoxynucleotides may become active 28. Several vi- 
ruses block the synthesis of host proteins. In the case of 
Semliki Forest virus protein biosynthesis is slowly depressed, 
until finally only viral proteins are formed. A candidate for 
the inhibition of host cell protein synthesis is the viral core 
protein 51. 
In contrast, polio infection results in a rather fast shutoff of 
host protein biosynthesis. The cap binding protein complex 
which together with the m 7 Gppp N(m) cap structure at the 
5'-end of mR NA facilitates the attachment of 40 S ribosomal 
subunits to host mRNA during initiation of translation is 
apparently inactivated 53. This factor is not needed for polio- 
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vi rus  m R N A  t r ans l a t i on  since th is  R N A  is n o t  c apped .  Inac -  
t iva t ion  o f  the  cap  b ind ing  p r o t e i n  t he re fo re  resul ts  in a 
p re fe ren t ia l  t r ans l a t i on  o f  po l io  m R N A .  
O n  the  o t h e r  h a n d ,  in f luenza  virus  uses cap  s t ruc tu res  a n d  
ad jacen t  o l igonuc leo t ides  p re sen t  on  h o s t  m R N A s  as p r im-  
ers for  viral  m R N A  synthes is ;  they  are  t r ans f e r r ed  in the  cell 
nuc leus  to  in f luenza  R N A  by  a vi rus-specif ic  enzyme  3s. Inhi-  
b i t ion  o f  hos t -ce l l  p r o t e i n  b iosyn thes i s  m a y  be due  to this 
m e c h a n i s m .  In  adenov i rus - in fec t ed  cells, the  f iber  p ro t e i n  
a p p e a r s  to be  r e spons ib l e  for  the  s h u t o f f  o f  hos t -ce l l  m a c r o -  
m o l e c u l a r  synthes is  3~. I nh ib i t i on  o f  p r o t e i n  syn thes i s  m a y  
expla in  several  add i t i ona l  obse rva t ions ,  for  examp le  the  dis- 
r up t i on  o f  the  cy toske l e ton  or  p a r t s  o f  it  as in reovi rus  infec- 
t ion  47. Thus ,  there  is c i r cums tan t i a l  ev idence  tha t  C P E  (o the r  
t h a n  F F W I )  are  c o n n e c t e d  wi th  v i rus - induced  effects  on  
host -cel l  me tabo l i sm .  H o w e v e r ,  the  reac t ion  cha ins  leading  
to  C P E  a n d  finally cell d e a t h  are  n o t  k n o w n .  It  is also n o t  
k n o w n  w h e t h e r  the re  are  c o m m o n  reac t ions  or  w h e t h e r  each  
virus has  its o w n  s t ra tegy  to o v e r p o w e r  a n d  f inal ly kill the  
h o s t  cell. 
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Molecular biological methods in the diagnosis of viral disease 

by H. W o l f  

Max yon Pettenkofer Institute, University of  Munich, Molecular and Tumorvirology, Pettenkoferstrasse 9a, D-8000 Munich 2 
(Federal Republic of  Germany') 

Summary, Molecular  biology allowed considerable  improvements  in diagnost ic  procedures  by p roduc t ion  of  new and  more  
specific sonds  for the detect ion of  traces of  viruses, bo th  on the nucleic acid and  pro te in  levels, and by de te rmining  the immune  
response of  the hos t  to specific antigens.  Improvemen t s  in sensitivity and  improved  corre la t ion  to the stage of  viral disease are 
already evident  f rom several appl icat ions  and  strongly suggest a b r o a d  appl ica t ion of  these approaches .  
Key words'. Nucleic acid hybr id iza t ion ;  synthet ic  peptides;  compute r  analysis;  ant igen selection; r ecombinan t  ant igens;  rapid  
diagnosis,  

Introduction 

Deve lopmen t  of  virus-specific therapy  and  the need for fast  
differential  diagnosis for intensive medical  care challenge 
quick diagnosis which should  also allow conclusions for the 
stage of  disease. 
Classic me thods  of  viral disease diagnosis  are based on  the 
cul t ivat ion of  agents, direct demons t r a t i on  of  viral  antigens,  
e.g., by immunofluorescence ,  and  the detect ion of  specific 
ant ibodies .  M a n y  o f  the procedures  current ly  in use have the 
d isadvantage  tha t  the reading of  results requires well- trained 
personnel  and  disease-related advice is of ten not  given or  
comes too  late. This is par t icular ly  true for chronic  neoplas- 
tic or react ivated acute virus-related diseases. Addi t iona l  
p roblems  arise, e.g. form Hepat i t is  B, t h r ough  long transi-  
t ions f rom ant igen or  an t ibody  excesses in connec t ion  with a 
complete  exclusion of  remain ing  infectiosity. 

Detection of  genetic material o f  viruses by nucleic acid hybridi- 
zation 

LABELS: 

1) Isotopes: H 3, $35, p32, 1125 
2) Reactive groups: Al ly lamine-UTP 
3) Haptens: Sulfonylation, Digoxin, Biotin 

INTRODUCTION OF LABELS: 

- nick transl~tJon: f o r  labels l ,  2, 3 

- random prime: for labels 1, 2, 3 

- eDNA: for labels 1, 2, 3 

- cRNA using SP6 or T7 Polyrnerases with appropriate promotor-containlng vectors: 
for labels 1, 2 " ~ ,  ~ - -  

- chemical modification,  e.g. lodination, Photobiotin: 
for labels 1, 3 

- sandwich hybridization: 
for labels 1, 2, 3 

Considerably  influenced by the findings of  t u m o r  virology, Figure 1. Introduction of label in nucleic acids for use as hybridization 
i.e., t ha t  viruses persist  in cells and  can change these wi thou t  probe 1, 7, 8,13,14,16,19, 23, 24 


