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Preface 

This  volume  comprises  the majority of the scientific  contributions  to  the XIIIth 
International  Convocation on Immunology, Immunological and Molecular  Diagnosis of 
Infectious  Disease, sponsored by The  Ernest Witebsky Center  for  Immunology,  State 
University of  New York at  Buffalo, held in Buffalo,  June 1-5, 1996. 

In recent  years, new or previously unappreciated  problems in the field of infectious 
diseases  have  emerged. In addition, new assay methods, particularly those  involving 
DNA  and RNA amplification and detection,  have been developed  for  the rapid diagnosis 
of such diseases.  While  some of the infectious  agents, such as Helicobacter,  Borrelia, 
hantavirus and prions, have only recently come to prominence, others  are previously 
encountered  agents that are  causing renewed concern  after years of apparent  control, 
such as Mycobacterium  tuberculosis and hepatitis  viruses. 

Part  I of these  Proceedings  treats  methodologies of Immunological and Molecular 
Approaches,  including DNA and RNA amplification  methods, ELISA approaches, rapid 
diagnosis  methods,  biosensors, and flow  cytometry. Part I1 deals with the more clinical 
aspects of Bacterial and Parasitic  Infections  comprising M. tuberculosis,  Borrelia 
burgdorferi,  Srreptococcus  pyogenes, Chlamydia, and schistosomes. Part I11 treats Viral 
Infections,  e.g.,  hantaviruses,  hepatitis  C  virus,  cytomegalovirus,  herpes  viruses, and 
human immunodeficiency virus. Part  IV  groups  Syndromes of Various  Infectious 
Origins,  including  prions,  chronic  fatigue  syndrome, and superantigens. All major  topics 
discussed  at the XIIIth Convocation  are  included in this volume, with one  notable 
exception. 

That  exception is the presentation by Dr. Yi-Fu Zhou, of the Molecular and Cell 
Biology Laboratory,  Cardiology  Branch, NHLBI, NIH,  Bethesda,  Maryland, on “The 
Potential Role of Cytomegalovirus in Atherosclerosis and in Coronary  Restenosis 
Following  Angioplasty.” To avoid duplication of publication, the text of Dr. Zhou’s 
contribution  could not be incorporated in this  volume: the essence of the work by Dr. 
Zhou et  al. was published shortly  after  his  presentation in the New England  Journal  of 
Medicine (1). In the late and early 1990s epidemiological  studies  initiated in 
different medical schools in the United States (2) and Europe  (2,3)  indicated that a 
significantly high percentage of atherosclerosis and heart  disease  patients  showed prior 
infection with cytomegalovirus  (CMV),  as  contrasted with  normal controls. In 1994, 
Speir  et  al.  (also from the Cardiology  Branch, NHLBI, NIH) proved the  existence  of  a 
molecular link between CMV and the  tumor  suppressor protein p53 in coronary 
restenosis  lesions (4). The 1996 paper further  strengthens the connection between 
CMV  infection and arterial and heart  disease. 

... 
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iv PREFACE 

While it is  not  feasible  to  treat all aspects  of modern Immunological  and  Molecular 
Diagnosis of Infectious  Disease in one  volume, the chapters of this work aim to 
provide highlights of the most  recent  developments in the clinical  diagnosis of several 
major  emerging and re-emerging  infectious diseases. This  volume  points  to the 
increasing  reliance on these new technologies  for what will soon  become  routine 
diagnostic  procedures. 

Daniel  Amsterdam 
Roger K. Cunningham 

Carel J .  van Oss 
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DNA  AMPLIFICATION 

Robert E. Farrell,  Jr. 
Exon-Intron,  Inc. 

9151 Rumsey  Road, Suite 130 
Columbia,  Maryland 21045 

ABSTRACT 

The polymerase  chain  reaction  has  become a mainstream  tool  for  the  molecular 
biologist.  The  sensitivity,  efficiency,  and speed of  this  method is unparalleled  for  the 
amplification  and  detection  of  exquisitely  minute  quantities  of  nucleic  acids.  Through 
repetitive  cycles  of  heat  denaturation  of  samples,  followed  by  the  base  pairing  of  primers 
designed to  identify  one  DNA  sequence  among  the  cellular  heterogeneity,  and  finally 
synthesis  of  new  DNA  strands  identical  to  the  target,  single  molecules  and  individual  genes 

be  detected  and  subsequently  characterized.  This  method  has  revolutionized  the  study  of 
gene  organization,  structure, and expression,  not  to  mention  offering  newer,  faster,  and  more 
economical  means  for  the  clinical  detection  infectious  disease. 

That  PCR  has  been  fruitful is undisputed;  however,  the  method is not  without 
shortcomings.  Among  the  major  limitations  of  this  method are the  absolute  requirement  for 
well-designed  primers,  the  super  sensitivity  of  this  method  to  biological  contaminants  from 
any of a variety  of  sources, and subtle,  though  very  important,  inter-  and  intra-laboratory 
variations  in  technique. 

UNDERSTANDING PCR 

The  Polymerase  Chain  Reaction'  (PCR)  has,  without  a  doubt,  revolutionized  the 

entirety  of  molecular  biology.  Nearly  every  research  project,  application,  and  diagnostic 

methodology  has  implemented  molecular  cloning  and  identification at some  level,  and  PCR 

has  become,  perhaps,  the  premier  tool. 

Recent  refinements  in  PCR-related  techniques  have  afforded  an  unprecedented  level  of 

sensitivity  and  resolution  in  most  molecular  assays.  As a  direct  result of the  sensitivity  and 

resolving  power  of  this  technique,  often  only a few short  hours  span the beginning  of  the 

search  for a new  gene  and  the  selection  of  the  gene  itself.  The  technique  of  PCR  has  obvious 

advantages,  and  the  simple  methodology  has  been  adapted  in  order  to  develop  assays  for the 

identification  of  single  copy  gene  sequences  from  complex  genomes,  the  selection  of 

'The  Polymerase  Chain  Reaction  process  is  covereed  by  patents  issued to Hoffman- 
LaRoche,  Inc.  Use  of  the  PCR  process  requires a  license  under  their  patents. 
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individual  members  of  multigene  famidies,  identification  and  deliberate  introduction  of  point 

mutations,  deletions,  amplifications,  and  gene  rearrangements,  and  the  identification of 
infectious  agents  by  amplification  of  foreign  genetic  material  from the blood  of  the  host. 

Comprehensive  reviews  of  the  subtleties of PCR  have  been  published  elsewhere 

(1,2,3), and a  brief  review  of  the  method is presented  here  in  order to convey  the  profound 

impact  PCR  continues to have  on  the  daily  routine  of  the  most  sophisticated  and  not-so- 

sophisticated  laboratories  around  the  world.  The  method  of  PCR is primer-mediated 

enzymatic  amplification  of  specific  genomic or cDNA  sequences.  Succinctly,  PCR is possible 

because  thermostable  prokaryotic  DNA  polymerases readily  available,  because  single 

stranded  DNA  molecules  (oligonucleotides) can be economically  synthesized  consisting of 

any combination of nucleotides  desired by the  investigator,  because  of  instrumentation 

capable  of  efficient  regulation  of  temperature,  and because of  DNA  sequencing  technology. 

The polymerase  chain  reaction is divided  into  cycles,  each of which is  comprised of 

three  discrete  components,  namely denaturation of  both  target  sequences  and  primers,  by 

which all of molecules  become  singlestrand&, primer annealing, by which the 

oligonucleotide  primers  involved  base  pair to a complementary  sequence  within  the  template 

(target)  DNA;  and  primer extension, in  which  the  polymerase  activity  of a  thermostable 

enzyme  (e.g. Taq polymerase)  synthesizes  DNA from the 3"OH terminus  contributed by 

each  primer  molecule  which  has  base-paired to the  template. 

PCR THE CYCLE 

step 1. 
Heat  Denaturation 5' 3' 

5' 
(94OC) 

5' 

+ 

step 2. 
Primer  Annealing 

(37 -65 'C)  - 
+ 

-L 

I I I I I  
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Step 3. 
Primer  Extension 5' 

3' 5 '  
(72OC)  

+ 

These  three  steps, as illustrated  above,  constitute  "cycle  1"  and  the  repetition  of  these  steps 

using  the  products  of the prior  cycle as new  template  supports the geometric  accumulation  of 

those sequences.  After  only 30 cycles  it is thus  possible  to  achieve  a  multimillion  fold 

amplification  of  template = 1,073,741,824;  however  the  reaction is not 100% efficient). 

The  ability  to  perform  PCR  requires  some  knowledge  of  the  sequence  to  be  amplified 

or of the sequences  which  flank  the  region  to  be  amplified. In the  absence  of  direct 

nucleotide  sequence  information,  the  amino  acid  sequence  of the corresponding  peptide  can 

be  scrutinized  in  order  to  deduce  the  probable  nucleotide  sequence  responsible  for  encoding 

that  particular  combination  of  amino  acids.  If  this  strategy  is  employed  for  primer  design,  a 

lack  in  the  completeness  of  protein  sequence  data  may  not  be an impediment  because as few 

as 6 or  7  sequenced  amino  acids may  be  adequate  for  the  design  of an 18- or 21-mer 

oligonucleotide  primer.  Quite  useful  in  this  regard are protein  domains  containing  large 

amounts or methionine  and  tryptophan,  both  of  which are single codon  amino  acids.  If  such a 

domain  has  not  been  identified,  eight  additional  amino  acids  have  only  two  possible  codons, 

a density  of  which  may  facilitate  primer  design.  Thus,  it  may  be  possible  to  deduce an 
appropriate  primer  sequence  to  support  PCR.  Obviously,  this is not a fool-proof  method  of 

cloning  by  PCR,  however,  because  of  the  fair  amount  of  degeneracy  within  the  code  itself 

(some  amino  acids  have  more  than  one  possible  codon). 

Fortunately,  oligonucleotide  primers are not  required  to  anneal or match  perfectly 

with  the  template.  Were  this an absolute  requirement,  the  PCR  process  would  be  far  less 

productive  and  far  more  frustrating  indeed.  Because  of the extremely  short  nature  of  the 

oligonucleotide  primers,  the  thermodynamic  behavior of  these  molecules  and  their  affinity  for 

each  other can be  predicted  with  great  accuracy.  Often,  temperature  deviations  of as little as 

one  or  two  degrees mean the  difference  between  successful  amplification  and the hilure of 

that  reaction. By lowering the temperature of the  primer  annealing  component  of  each  cycle 

(above)  in  the  polymerase  chain  reaction,  primers  which are not  perfectly  base  paired 

(matched)  with  their  intended  templates  will  be  capable  of  base  pairing  among 

complementary  nucleotides and at  the  same  time  will  tolerate  a  mismatch at  those  locations 

where  non-complementary  nucleotides  abut.  The  extent  of  base  pairing  is  less  critical 

the  location  of  mismatches;  base  pairing  of  the  terminal 3' dinucleotide is the  only  absolute 

requirement to support  amplification. 
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QUANTIFICATION 

Among the  more  popular  applications  of PCR technology is the method  of  transcript 

amplification  for  both.sequencing  and  quantification  purposes. Known as RNA PCR or RT- 

PCR, this  method  involves reverse transcriptase-mediated  cDNA  synthesis  according to 

standard  methodologies,  using RNA purified  according  any  of a  variety  of  protocols (4), 

followed  by PCR amplification  of  the  newly  synthesized  cDNA.  The  mass  of a PCR product 

so generated is directly  proportional  to the relative  abundance  of the transcript. 

LIMITATIONS 

While  the  promise  of PCR has been fruitful  indeed,  the method  does  have  limitations. A 

great  many  questions  could  certainly be answered, were there  primers  available to support 

analysis  by PCR. A fundamental  difficulty  in  many  laboratories is the inability to perform 

PCR because  the  required  primers  have  yet to be developed. This is especially of 

research  which  involves  the  study  of a  “biological  activity”  of  a  yet-to-be  characterized 

enzyme or  other  gene  product. As  stated  above, the ability  to  perform PCR is dependent 

upon  having  some  nucleic  acid  sequence  information  either  about  the  sequence  which is to be 

amplified,  or  about  the  sequences  which flank the  sequence to be amplified. 

This  sequence  information can be  either  direct or indirect:  direct  sequences are derived  by 

sequencing at  least part of the target to be  amplified,  while  indirect  sequence  information 

may be derived  from  another  member  of a multigene  family,  by  characterization  of the  same 

gene  in a  different  species  (cloning by evolutionary  relatedness),  or by direct  protein 

sequencing.  The  bottom  line:  no  primers,  no PCR. 

That the polymerase  chain  reaction is sensitive is a frequent  complaint  among 

investigators  who  routinely  perform PCR. Given  that a  geometric  amplification  of  template 

occurs,  a  lone  carry-over  molecule  is  enough to generate false signals  andlor  false  positives. 

The  gravity  of  such an occurrence is especially  profound  in  a  diagnostic  setting for a number 

of obvious  reasons.  Contamination  in  the PCR environment  has  been to aerosol 

formation  from  micropipettors, tainted stock solutions of PCR reagents,  contaminated 

thermal  cyclers,  lab  coats  and,  in  some the epidermal  layers of the investigator 

himself. 

Lastly,  the PCR technique  requires  empirical  formulation of the  exact  conditions  for 

amplification  with  each  primer  pair  brought  into  the  laboratory.  Magnesium, a  required 

divalent  cation, is notorious  for  mediating  the  mispriming  and  amplification of sequences 

unrelated to the  template  and, by virtue of its  ability to quantitatively  bind  dNTP’s,  exert 
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great  influence  on  the  efficiency  of  amplification  in  general.  Moreover,  the  precise  type  of 

thermal  cycler  that  is  utilized  may  have a profound  bearing  on the efficiency  and  outcome of 

the  reaction. Because of the way  in  which  samples are heated  and  cooled;  and  the  ramping 

time  when  moving  among  temperatures,  enormous  variation  should  be  expected  when 

comparing  similarhdentical  protocols  performed  in  different  laboratory  settings. 

PCR  has,  without a  doubt,  revolutionized  molecular  biology,  and  all  related 

disciplines.  Experiments  which  in  the  past  required  daydweeks to perform can now  be 

performed  in a  matter of  hours. The  ability to confirm a  diagnosis by sensitive,  specific 

means  of  DNA  amplification  affords  the  physician an opportunity to intervene  more  rapidly 

upon  suspicion or clinical  manifestation  of  infection or  a  disease  state. 
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ABSTRACT 
This is a  summary  of  a  presentation  made at the 13th  International  Convocation  on 

Immunology.  Nucleic  acids in patient  samples  can  be  quantified  directly  using  a  solid  phase 
nucleic  acid  hybridization  assay  based  on  branched  DNA  (bDNA)  signal  amplification 
technology. For example,  HIV  RNA is detected  in  a  plasma  sample  by  hybridization  of  multiple 
specific  synthetic  oligonucleotides to the  target, of  which  capture  the  target onto the  surface 
of  a  microwell  plate  and  39  of  which  mediate  hybridization  of  branched  DNA  molecules to the 
pol region  of  each HIV RNA  molecule.  Alkaline  phosphatase-labeled  probes  bind to each  arm  of 
the  branched  DNA  molecules.  Detection  is  achieved by incubating  the  complex  with  a 
chemiluminescent  substrate  and  measuring the light  emission.  The  signal is directly  proportional 
to the  level  of  target  nucleic  acid,  and  the  quantity of HIV RNA in a  sample  is  determined by 
comparison  with  a  4-point  standard  curve. In order to ensure  that  different  subtypes of HIV-I 
were  detected  and  quantified  equally,  in  vitro  RNA  transcripts  of  the pol region  of HIV subtypes 
A-F were  purified  and  quantified by OD 260, phosphate  analysis,  and  hyperchromicity. These 
characterized  transcripts  were  then  quantified  using  the  bDNA  assay.  Comparisons  were  made 
using  a  ratio  of  signal  per  attomole  for  each  transcript.  Genetic  subtypes  A-F  quantified  within  a 
factor of 1.5, indicating  that the bDNA  assay  can  be  used to measure  viral  load  in  clinical  samples 
regardless of genotype.  Accuracy is important  because  several  studies  indicate  that  there  may  be 
a  threshold  level virus  which  predicts  progression  of  HIV  disease.  Detection  of  change in viral 
load is important in  determining  the  efficacy  of  therapy. The bDNA  assay for HCV  RNA  can 
be  used to determine  level  of  virus in HCV-infected  individuals  and  assist  in  establishing 
prognosis  prior to initiation  of  alpha-interferon  therapy.  Patients  with  lower  levels  of  virus  are 
more  likely to have  a  sustained  response to therapy.  Patients  who  respond to treatment 
typically  have  a  rapid  decline  in virus load  within  one to four  weeks  of  the  start  of  therapy. 
Many  patients  relapse  when  therapy discontinued as evidenced by a  rise in virus  load to near 
pre-treatment  levels.  Sustained  response is most  often  seen  with  patients  who  have  lower  pre- 
treatment  levels of RNA. 

9 
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METHOD 
The branched  DNA  (bDNA)  assay is a quantitative  signal  amplification  method  based 

on a series  of sptxifii hybridization  reactions  and  chemiluminescent  detection of hybridized 

probes in a microwell  format.  It  involves  binding of  the  target  nucleic  acid  to  the  surface of a 

microwell  plate a of that complementary to capture probe on the  plate,  the 
other part of the probe being  specific for the  target.  Another series of probes is added,  designed 

to complementary  to  the  target  and also bind  synthetic  branched  DNA  molecules.  Each 

bDNA  molecule has 15 each arm able to hybridize  to alkaline  phosphatase  molecules. 
n u s ,  45 alkaline phosphatase  molecules  can  bind to each bDNA  (Figure 1). In the  HCV  assay, 

18 bDNA molecules are bound to each  HCV  RNA  molecule in the 5' unwslated and  core 

regions,  and in the HIV  assay bDNA molecules are bound to each HIV RNA  molecule in the 
pol region. 

In order  to  ensure  that  different  subtypes of MV-I were  detected  and  quantified  equally, 

vitro RNA transcripts  of thepol region of  HIV  subtypes A-F were  purified  and  quantified by 

OD 260, phosphate  analysis,  and  hyperchromicity.  These  characterized  transcripts  were  then 

quantified  using  the bDNA  assay. Comparisons were  made  using a ratio of  signal per attomole 

for each  transcript.  Genetic  subtypes  A-F  quantified  within a factor of 1.5, indicating  that  the 
bDNA  assay can used to  measure  viral  load  in  clinical  samples  regardless  of  genotype. a 

result of a similar  study  of the HCV  bDNA  assay,  the  target probes  were  redesigned  to  ensure 
that  each  of  the  HCV  genotypes  is  detected  equally (1). The  redesign  increased  the  overall ' 

clinical  sensitivity  to over 95 percent (2). . There was  an  overall percent  coefficient  of  variation 

of 2124% when over five hundred  replicates of three different samples  were  tested over ten 

monthswith  six lots of reagents by three  different  operators. 

HEPATITIS 
Hepatitis C virus  (HCV),  hepatitis B virus  (HBV)  can quantified  directly from serum 

or plasma  using a solid  phase  nucleic  acid  hybridization  assay  based on branched  DNA  (bDNA) 

signal  amplification  technology.  Assessment of serum  alanine  aminotransferase  (ALT)  and 

othk liver enzyme measmments are markers of liver disease  but  not  viral  activity. 

Quantification of viral  load  has the advantage of providing  information on viral  kinetics  and 

provides a greater knowledge of  the  disease  process, as it  yields a direct  measurement  of 

viremia. 
HCV  RNA  baseline data obtained  utilizing  bDNA  analysis  of  stored  samples  from 

interferon-treated  patients  has  provided  confurnation  of  the  relationship between initial  viral  load 

and  patient  response to therapy. A sustained  response  was  defined as normalization of serum 

ALT  for  at  least 6 months after discontinuation  of  therapy. An analysis  was  performed on a 

series of patients  from  several  worldwide  studies  of  standard  interferon  therapy,  where  pre- 
treatment  HCV  RNA  viral  load  was  measured  by  bDNA.  The  results  demonstrated  that  there 

was no significant  difference  in  initial  viral  load  between  non-responders  and  responders  who 

relapsed. The majority of long-term  responders,  however, had  very  low baseline  viral  load. An 
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increasing  percentage  of  sustained  response  was  noted in individuals with lower  pre-treatment 

viral  RNA  levels.  Quantification  of  HCV  RNA  by  bDNA  assay  as  a  predictor of sustained 

response  to  administration of interferon in  an  HCV-infected  population  illustrates  that in the 

entire  population, 19 percent  will  have  a  sustained  response  to  therapy,  with  this figure 
increasing as high  as  49  percent  as  viral  load  decreases.  Knowing  the  predicted  response  to 

interferon  therapy  may  help  set  expectations  for  the  patient. It is possible that those  with  high 

viral  levels  may  benefit  from  higher or more  frequent  doses or longer  term  therapy. 
fluctuations in  viral  load are relatively  insignificant in  untreated  patients  with  chronic 

HCV  infection.  Changes  of  threefold or 0.5 log or greater  are  rarely Seen (3). In a  subset of 

patients,  however,  RNA  and  ALT  levels  can  fluctuate  considerably,  becoming  stable  only  after  a 

number  of years  (4).  Fluctuations are also  seen  more  frequently  post-therapy.  These 
observations  have  led  to  the  theory that improved  treatment  efficacy  may  be  achieved if treatment 

or re-treatment is initiated  at  a  time  point  when  a  patient’s  viral  load is at  its  lowest.  This 
possibility is especially  important  for  patients  who  have  already  received  interferon  therapy  and 

have  suffered  relapse,  as  experience  shows  that  a  large  proportion of these  patients  will  relapse 

again. A small  study  was  conducted  in  Japan  and  reported by Koga,  Gastroenterology 
Seminars  in  1993.  Therapy-naYve  individuals  were  grouped  prior  to  initial  treatment by their 

HCV  RNA  levels  determined by  bDNA, i.  e.  greater  than  10  million  genome  equivalents/ml 

(n=10),  1  to  10  million  (n=15) and less  than million (n=ll). All participants  responded  to 

therapy  but  eventually  relapsed.  Viral  levels  were  noted  at  the  time  of  re-treatment,  and, 

regardless of the  individuals’  pre-therapy  levels,  the  only  patients  who  experienced  a  sustained 

response  were  those  who had viral  loads of less  than 1 million  genome  equivalents/ml  at  the . 

start of re-treatment.  Studies are now directed  toward  use of viral  load in making  decisions 
regarding  the  timing of initiation of  treatment or re-treatment in hepatitis  C-infected  individuals. 

At the  end of therapy,  HCV  RNA is often  undetectable in the  serum,  even  though  many 
of these  patients  relapse.  Determining  whether  a  patient  has truly cleared virus can be 

problematic  due  to  residual  viral  replication in  the  liver.  If a  follow-up  liver  biopsy  is  performed 

to  determine  improvement  in  histology,  examination of the  liver  biopsy  material  for  HCV RNA 
could be a way  of  establishing  a  true  patient  response. A modification of the bDNA  assay  can 
be  used to  quantify  HCV RNA  in liver  tissue,  requiring  only  simple RNA extraction  from  liver 

biopsy  samples,  followed by the  standard  microplate  assay (5). Since  pure  nucleic  acid  is not 

required for the bDNA  procedure,  the  extraction  procedure  was  optimized  for  RNA  recovery, 

yielding  results  that  reflect  the  concentration of the  virus  in  the  liver  of  the  patient.  In  contrast, 
reverse  transcription-PCR  (RT-PCR)  has  been  found  to be inhibited by heme,  present  in  high 
concentration  in  liver  tissue,  which  necessitates  purification  of RNA  and results in  loss of 

quantitative  recovery. 

HIV 
Using  bDNA,  individuals  classified  as  long-term  survivors  have  been  shown to have 

lower  a  viral  load  than  those  who  progress  more  rapidly (6). In a  study  using  the  bDNA  assay 
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to  measure  HIV  RNA  in  plasma  of  individuals enrolled  in  MACS, a large  cohort study, it  was 
shown  that  those  with  high  levels of  HIV RNA progressed to AIDS more  rapidly  than  those 
who  maintained low levels of  RNA (7). 

Many HIV-infected  individuals  have  high  CD4  levels  and  high viral load  (8).  It  may be 
useful  to  stratify  patients  by viral load  rather  than  CD4  level for entry into clinical The 
bDNA  assay is currently  being  used  in  many  laboratories  to  monitor  changes  in  levels  of H N  

RNA for several  antiviral  treatment  trials.  Two  such  studies  led  to  new  insight into HIV 
pathogenesis,  indicating  that HIV  replication in vivo is continuous  and  highly  productive  (9, 

10).  It  was  suggested  that  because of the rapid  turnover of  HIV in plasma,  protocols for 
monitoring  the  antiviral  activity of  new  compounds  should  be  modified to focus on the f i t  few 

days  following  drug  initiation. New recommendations on the  use  of HIV RNA  quantification 

include two baseline  measurements 2 to 4 weeks  apart, a measurement 3 to 4 weeks after 

initiating.a new antiviral  therapy,  and  routine  measurements  every 3 to 4 months  when  CD4 

counts are done (1 1). A decrease in  HIV  RNA  of  at  least 0.5 log is considered  incative of 

antiviral  activity. 

NEW  DEVELOPMENTS 
It is often  noted  that the bDNA  assay is not as sensitive as target  amplification  methods. 

However,  the  achievable  analytical  sensitivity is as high as PCR. The bDNA procedure is 

similar  to  an  enzyme  immunoassay,  and  the  sensitivity is limited by  background. In order to 
reduce  non-specific  hybridizations,  two new bases,  iso-cytosine  (iso-C)  and iso-guanosine (iso- 
G), were  synthesized  and  utilized in the development of  new probes  (12).  These  bases  form 
strong hybridizations  with  each other, but, as they are not  naturally occumng bases,  they do not 

hybridize  with  natural  guanosine  and  cytosine. In this  manner,  nonspecific  hybridization 

between  the  bDNA  amplifier  and  the  capture  probes has been reduced by substituting some 

cytosine and guanosine  bases  with  iso-C and  iso-G. This method  has  been  used  together  with 

modifications in  probe  design  and  multi-site  preamplification  molecules  in a bDNA assay  for 
HIV  RNA,  increasing  the  sensitivity by more  than two orders of  magnitude. 
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ABSTRACT 

Nucleic  acid  amplification  technologies  allow  for  the  development  of 
highly  sensitive  and  specific  diagnostic  assays.  The  capacity  to 
amplify  and  detect  analyte  targets,  which  may  be  present  in  a  clinical 

amplification  technologies.  NASBA  is an isothermal  method  of  nucleic 
sample  as  a  single  copy,  is  characteristic  of  many  of  these 

acid  amplification  with  such  capability,  and  is  particularly  well  suited 
for  the  amplification  of  RNA  analytes.  NASBA  utilizes  the  coordinated 
activities  of  three  enzymes (AMV-RT, RNase H, T7  RNA  polymerase),  and 
two  oligonucleotide  primers  which  are  specific  for  the  analyte  target. 
The  amplification  process  is  part  of  a  total  system  which  includes  a 
versatile  nucleic  acid  isolation  procedure,  and  powerful  detection 
methodology.  In  this  report,  the  development  of  NASBA  technology  for 
the  detection  of  human  Retrovirus  RNA  will  be  discussed.  Specifically, 
a  qualitative  NASBA  assay  for  the  RNA  of  HTLV I, and  a  quantitative 
NASBA  assay  for HIV-1 will  be  described. 

INTRODUCTION 

The  capacity  to  detect  and  quantitate  specific  RNA  analytes  is 

clinically  relevant  for  several  reasons.  For  example,  the  capacity  to 

detect  RNA  is  critical  in  determining  the  efficacy  of  an  antimicrobial 

therapy.  In  the  case  of  bacteria,  RNA  serves  as  a  marker  for  viable 
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organisms.  Since  the  DNA of an infecting  bacteria  may  persist despite 

the  fact that the  organism  is no longer  viable, DNA is a less useful 

analyte for this purpose.  Therefore,  the  effectiveness  of a therapy can 

be determined through the  post-treatment  screening for bacterial  RNA. 

In  cases  of  viral  infection,  RNA  serves as a marker  for  the 

intracellular replication  of  the  virus.  RNA  is also the  genetic 

material  of  several  pathogenic  viruses  (e.g.,  Retroviruses, 

Enteroviruses,  etc.).  Thus,  antiviral  therapies  can also be  evaluated 

with assays that  target  viral RNA.. Further,  the  expression  of  specific 

cellular transcripts is indicative  of  particular  disease  states. This 

has recently been clearly  demonstrated for several  forms  of cancer (10). 

It  is also possible  to  conduct  genetic  screening  using  RNA  targets. 

additional  benefit  of  targeting  expressed  cellular  RNA transcripts for 

genetic or disease  diagnoses is the  fact  that these analytes are 

typically  present  in  multiple  copies,  whereas  their  DNA counterparts are 

usually present as two  copies. 

NASBA  is an isothermal  method of nucleic  acid amplification which 

is most  useful in the  amplification  of  RNA analytes since reverse 

transcription is directly  incorporated  into the amplification  pathway. 

The  process  involves  three  enzymes  and two oligonucleotide primers (11) 

Briefly,  the  initial  event  is  the  annealing of  the  first primer (PI; 

antisense) to  the  RNA  analyte.  The half  of the primer is 

complimentary  to  the  analyte;  the 5 '  half  encodes  the T7 RNA polymerase 

promoter.  After  primer  annealing,  avian  myeloblastosis  virus reverse 

transcriptase ( M - R T )  extends  the  primer,  producing a cDNA copy of the 

RNA  analyte. The RNA portion  of  the  hybrid  is  destroyed  via the action 

of RNase H, allowing the.second primer (Pa; sense) to  anneal to the 

newly  synthesized  cDNA.  The  DNA  dependent  DNA  polymerase  activity of 

AMV-RT is now engaged,  resulting  in  the  extension of P2, creating a 

double  stranded  cDNA  copy of  the original  RNA  analyte.  Importantly, 

this  cDNA  encodes a T7 RNA  polymerase  promoter at one end. This then 

serves as a substrate  for  TI  RNA  polymerase, which associates with the 

promoter  and  begins to transcribe  large  amounts  of  antisense RNA 

corresponding  to  the  original  RNA target. This antisense  RNA 

transcription product can then serve as a template  for  additional 
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amplification in the  process,  however  the  primers  will  anneal in reverse 

order (P2 followed  by  Pl).  It  is  this  cyclic  phase  of  the  process  which 

is  responsible  for  the  enormous  level  of  amplification. 

Since  the  entire  NASBA  amplification  process  is  isothermal,  there 

is no need  for  temperature  cycling.  The  typical  level  of  amplification 

is  a  factor  of 109. The  amplified  product  is  single  stranded RNA, and 

can  therefore  be  readily  subjected  to  different  probe  hybridization 

analyses  without  the  need  for  a  denaturing  step.  Although  the  NASBA 

amplification  process  can  be  applied  to  double  stranded  DNA  analytes, 

two  heat  denaturing  steps  are  required.  In  the  absence  of  these  heating 

steps,  the  process  is  completely  specific  for  single  stranded  RNA 

targets.  Thus,  background  DNA  will  not  be  coamplified. 

It  is  the  appropriateness  of  NASBA  for  RNA  which  has  led  to  its 

extensive  development  as  a  retroviral  diagnostic  assay.  A  quantitative 

form  of  the  NASBA  assay  for HIV-1 has  been  available  for  some  time (14). 

More  recently,  we  have  developed  a  qualitative  assay  for  HTLV  I  RNA. 

Both  of  these  NASBA  assays  utilize  the  same  nucleic  acid  isolation 

procedure ( 2 ) .  However,  different  detection  technologies  are  used  for 

the  different  configurations  of  these  assays.  In  this  report,  a 

description  of  the  component  technologies  comprising  the  total  NASBA 

system  will  be  presented.  The  strategy  utilized  in  the  quantitative 

HIV-1 assay,  as  well  as  performance  data  for  this  assay,  will  be 

provided.  Finally,  the  qualitative  NASBA  assay  for  HTLV  I  RNA  will  be 

described. 

MATERIALS AND METHODS 

N u c l e i c   A c i d  Isolation. The  procedure  for  nucleic  acid  isolation  is  the 

same  for  both  qualitative  and  quantitative  forms  of  the  NASBA  assay. 

The  procedure  makes  use of the  guanidine  isothiocyanate  (GuSCN)- 

acidified  silica  method  of  Boom  et  al. Briefly,  one  volume  of 

clinical  specimen  (whole  blood,  plasma,  serum,  sputum,  cells,  tissue 

homogenate,  CSF,  etc.)  is  added  to 9 volumes  of  lysis  buffer (5.25 M 

GuSCN, 50 Tris,  pH 7.2, 2 0  EDTA,  1.3%  Triton  X-100).  This 
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inactivates  infectious  virus  and  stabilizes  the  nucleic  acids  by 

denaturing nucleases. Next,  50 uL of  acid treated silica (1 gm/mL) is 

added to the  lysate.  The  liberated  nucleic acids (single and double 

stranded forms of RNA  and  DNA)  associate  in  solid  phase  with  the  silica. 

The  si1ica:nucleic  acid  complex is pelleted by centrifugation and washed 

repeatedly (twice with 5.25 M  GuSCN, 5 0  Tris, pH 6.4, 20 EDTA; 

twice with 70%  ethanol,  and  once  with acetone). After  complete 

volitalization of the  acetone from the  silica  pellet,  the nucleic acids 

are  eluted  from  the  silica  into  water. 

Amplification by NdSBd.  The  basic  NASBA  amplification  procedure  is  the 

same for both  quantitative  and  qualitative  configurations of the  assay. 

The  procedure  is  a  modified  version  of  that  described  by  van Gemen et 

al. (1994). To 5 uL of  nucleic  acid  extract, 10 UL of 80 Tris, pH 

8.3, 24 MgC12, 140 KC1,  10 DTT,  2.0 each  dNTP,  4.0 each 

NTP,  30%  DMSO, 0.4 uM P1,  0.4 uM P2)  are  added. This mix is heated to 

65OC for  5  minutes,  then  cooled to 41OC.  Once  cool,  5 uL of enzyme mix 

(6.4 units/uL T7 RNA  polymerase, 1.3 units/uL AMV-RT, 0.02  units/uL 

RNase H, 0.42 ug/uL  BSA)  are  added  and  the  reaction  is  incubated for 90 

min.  at  41OC. The reaction  product  can  be  stored at -2OOC until 

analyzed by  hybridization  analysis. 

NdSBd  Primers.  The  following  are  the  NASBA  primers  utilized in this 

study. HTLV I tax A: P1= 5 'ddTTCTdATdCGdCTCACTdTdGGGGAGTCGAGGGA 

TAAGGAACTGTA3';  P21 ACGTGTTTGGAGACTGTGTACAAGG3t. HTLV I  tax B: Pln 

5 'ddTTCTddTdCGdCTCACTdTdGGGGGAACGGAAGGAGGCCGTTTTGCCA3 ' ; P21 5 ' ACGTGAT 

TTTTTGCCACCCCGGCCA3 ' . HTLV I PO1 : P1= 5 ' AATTCTAATdCGdCTCdCTdTdGGaA 

GGGAACGTGTCTCTGGGATCGGCTGGA3'; P2= 5IACCTCCCTTGCTATTCGCCATACCACCCA3'. 

Small nuclear ribonucleoprotein  (snRNP)  RNA:  P1- 5'AATTCTdATdCGdCTCAC 

TdTdGGGAGAGGCCCGGCATGTGGTGCATAA3 ' ; P2 = 5 ' (T . 
Kievits,  personal  communication)  Italicized  sequences  are  the T7 RNA 

polymerase  promoter  region.  The  primers  for  the HIV-1 Quantitative 

Assay have been previously  described (14). 

Detection of NdSBd  Amplification  Products.  All  NASBA  products are 

detected  by  hybridization  analysis.  The  oligonucleotide probes used  in 
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the  hybridization  analysis  are  labeled  using  three  dif ferent  strategies, 

depending  upon  the  appl icat ion.   For  example,  32P labeling  of  probes 

using  T4  polynucleotide  kinase  is  used  for  early  stage  assay  development 

and  optimization.  Probes  labeled  in  this  way  are  used  in  Southern  blot 

analysis  of  NASBA  reaction  products,  using  standard  techniques.  We  also 

ut i l ize  ol igonucleotide  probes  which  have  been  labeled  at  the 5' end 

with  horse  radish  peroxidase  (HRP) (13). This  enzyme  l inked  gel  assay 

(ELGA)  involves  conventional  l iquid  hybridization of the HRP labeled 

probe  to  the  NASBA  product,   fo l lowed  by  resolut ion  through  a 

polyacrylamide  gel.   The  result ing  gel is exposed  to  the  appropriate 

substrate  solut ion  and  the  result ing  color  reaction  indicates  the 

posit ion  of  the  hybridization  products  in  the  gel.   Final ly,  an 

electrochemiluminescence  (ECLI-based  detection  system  is  used  to  detect 

NASBA  products  (1).  This  system  requires  the  detector  probes  to  be  end 

labeled  with  a  ruthenium  (Ru2+)compound.  These  Ru2+  labeled  probes  are 

used  in  a  magnetic  bead  hybridization  capture  format,  and  the 

hybridization  reaction  products  are  measured  using  the  NASBA  QR-System, 

which  is  an  ECL  reader  (14).  

. The  specif ic  probe  sequences  used  in  the  detection  assays 

described  here  are:  HTLV I tax  A= S'GTTCGGCCCGCCTACATCGTCACGC3'; HTLV  I  

tax B= 5'AGGGGCCCTAATAATTCTACCCGAA3'; HTLV I pol-  5'ACAATCAACCACCT 

GAATGTGTTAA3';  snRNP= The  HTLV I capture 

probe  sequence  is 5'TGGGACCCCATCGATGGACGCGTTA3'. The  HIV-1  probes  were 

previously  described  (14). 

RESULTS 

The quanti tat ive NASBA assay f o r  HIV-l The  basic  strategy  of  this 

assay  has  been  described  elsewhere  (14).  This  assay  ut i l izes  the  method 

of Boom  et  al. ( 2 )  for  the  isolat ion  of  nucleic  acids  from  the  test 

sample.  However,  in  order  to  make  this  assay  quanti tat ive,  three 

internal  control  cal ibrator  RNA  molecules  are  spiked  into  the  lysate  of 

the  cl inical  sample,  prior  to  the  actual  extract ion  phase.  These 

internal  control  cal ibrators  (or  Q  RNAs)  are  identical  to  a  1.5  ki lobase 

(kB)  portion  of  the  wild  type  (WT)  HIV-1  gag  region,  which  encompasses 
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the area  targeted  by  the  NASBA  primers.  However,  these  Q RNAs have been 

altered  at  the 20 base  region  which  is  complimentary to the  detector 

probe. In the  case  of  each  Q  RNA  (Qa,  Qb, QC) the  detector  probe  target 

site  has  been  mutagenized  such  that  the  overall A, C, G, and T content 

is  maintained,  but  the  base  order  is  distinct  in  each  case.  This  will 

allow for the use of  four  separate  detector  probes,  one  for  the WT 

target,  and  one for each  Q  RNA. In each  case  the  probee  will  hybridize 

with  the  same  efficiency:  however,  they  will  not  cross  hybridize. 

The assay can be  used to quantitate  the  amount  of  WT RNA in the 

test  sample  due to the  fact  that  the  concentration of each Q RNA  added 

to the  test  sample  lysate  is  known (Qa= 10' copies, Qb= l o 5  
copies, QC- 10 copies).  Since  the  Q  RNAs  are  added  immediately after 

sample  lysis,  they  are  coextracted  along  with  the  WT  RNA  present in the 

sample.  Thus,  the  resulting  extract  contains  all  four  types  of  RNA, 

and  the  ratio  of  RNA in this  extract is the  same as that  which was 

originally  established  upon  the  addition  of  the  Q  RNAs to the  test 

sample.  A  small  amount  of  the  resulting  coextract  is  then  used  in  a 

single tube NASBA  amplification.  The  resulting  amplification  products 

are  therefore  present at a  ratio to each  other  which  is  again  equal to 

the  original  ratio at the  time  of  lysis. 

Actually determining  the  ratio  of  WT:Qa:Qb:Qc  requires  the  amount 

of each amplification  product to be  quantitated,  This  is  achieved  using 

ruthenium  labeled  probes  for  each  product  and  the  NASBA  QR  System. The 

ruthenium  compound  allows  for  the  detection  of  the  hybridization 

products  via an ECL reaction (1). The  amount  of ECL produced in each 

hybridization can be  determined  using  the  NASBA  QR  system,  which  is an 

ECL reader. The QR  system  utilizes  a  magnetic  bead  capture  format. 

Briefly,  a  biotin  labeled  capture  probe,  which  will  hybridize to each  Q 

RNA  and  the WT RNA at a  conserved  site  that is independent  from  the 

detector  probe  site, is immobilized  onto  the  surface  of  a  streptavidin 

coated  magnetic  bead.  This  capture  probe  is  included in the  four 

separate  detector  probe  hybridization  reactions.  These  reaction 

products are then loaded  into  the  QR  system,  which  quantifies the amount 

of ECL signal  obtained  in  each  hybridization  reaction.  By  establishing 
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the  ECL  signal  ratios  between  WT,  Qa,  Qb,  and QC, the  original  WT  input 

quantity  can  be  calculated  relative  to  the  Q  RNA  input  quantities  using 

a  curve  fitting  theory  algorithm. 

Performance  Characteristics of the HIV-l Quantitative  Assay.  The HIV-1 

quantitative  assay  has  been  evaluated  in  a  number  of  studies.  For 

example,  it  has  been  shown  that  the  assay  is  accurate  and  reproducible 

within  0.2  log,  over  a  dynamic  range  that  exceeds  four  orders  of 

magnitude  (15).  The  sensitivity  of  the  assay  is  a  function  of  the 

original  input  sample  volume,  which  can  range  from  as  little  as 10 UL up 

to as much as 1.0 mL.  The  maximum  sensitivity  determined  for  the  assay 

is 400 copies  of RNA per  input  volume.  It  was  also  shown  in  this  study 

that  performance  of  the  assay  is  not  altered  by  the  anticoagulant  used 

to  obtain  plasma  samples;  heparinized  plasma  can  be  used  as  readily  as 

EDTA  and  citrate  preserved  samples.  Finally,  it  was  demonstrated  that 

the  reaction  would  not  be  inhibited  by  large  amounts  of  lipid, 

hemoglobin, or albumin,  which  may  be  present in blood  derived  samples. 

The  assay  has  also  been  evaluated  by  means  of  proficiency  panel 

testing.  For  example,  the  AIDS  Clinical  Trial  Group  (ACTG)  provides 

proficiency  panel  samples  to  laboratories  seeking  certification  for HIV- 

1 RNA  testing  in  ACTG  sponsored  clinical  trials.  The HIV-1 qciantitative 

assay  has  been  evaluated  with  two  of  these  panels.  The  first  panel 

consisted of 19 samples  at  five  different  input  concentrations  ranging 

from 2,400 copies/mL  up  to  1,500,000  copies/mL.  The  mean  log  standard 

deviation  (SDI  determined  for  this  panel  with  the  NASBA  assay  was  0.13; 

the  mean  log  accuracy  was  0.12.  In  a  second  proficiency  panel 

evaluation,  a  total of 20  samples  with  input  quantities  above  the  cutoff 

for  the  assay  were  tested  and  the  mean  log  SD  was 0 . 0 9 ;  the  mean  log 

accuracy  was 0.05 (12).  These  results  indicate  that  the  quantitative 

H1.V-1  NASBA  assay  is  capable  of  performing  with  consistently  high  levels 

of  accuracy  and  reproducibility  over a broad  dynamic  range. 

Applications of the  Quantitative HIV-l NASBA  Assay  in  the  Study of AIDS. 

This  assay  has  been  applied in a  number  of  biological  studies,  designed 

to  evaluate  the  significance  of HIV-1 load.  For  example,  the  assay  has 
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been  used  to  evaluate  therapy  efficacy.  Kaplan et al. (9) used the assay 

to  demonstrate  that  patients  receiving  foscarnet  therapy  for  AIDS 

related CMV retinitis  had  marked  decreases  in  their HIV-1 plasma  load. 

In a study of HIV-1 infected  patients  receiving AZT therapy, it was 

shown  that  reduction  in  load  over  the  first  eight  weeks  of  therapy  was 

of  greater  magnitude  in  patients  who  responded  clinically  to the therapy 

NASBA  derived  plasma  levels of HIV-1 were  also  used to determine 

patient  prognosis. In  a retrospective  study, it was  demonstrated  that 

long  term  nonprogressing  patients  had  significantly  lower HIV-1 RNA 

plasma  levels  shortly  after  seroconversion  than did progressor  patients 

(6). The  NASBA  assay  was  also  proven  effective  for  the  study  of HIV-1 

natural  infection  history  in  individual  patients (3), and  in  groupings 

of  patients  made  according to disease  status (7). The  use of the assay 

has  not  been  restricted to the  analysis  of  blood.  For  example, 

Ginocchio et  al. (1995) were  able to show  that  the  levels of HIV-1 RNA 

determined  by  NASBA  were  useful  in the differential  diagnosis  of  AIDS 

related  encephalopathies. 

Qualitative  Detection of HTLV I The  NASBA  system  has also been 

configured  for the detection  of HTLV  I RNA.  Specifically,  we  designed 

two  primer  sets  which  will  amplify  the  tax  RNA,  and  one  primer  set  which 

targets  the pol  region.  These  primer  sets  were  evaluated  for 

sensitivity  and  specificity  using  RNA  obtained  from  various  cell  lines. 

For  example,  all  three  primer  sets  were  used  in  the  amplification of 5 

ng  of  total  RNA  from  two HTLV  I chronically  infected  cell  lines (MT2, 

NS-l), an  HTLV I1 chronically  infected  cell  line  (MOT),  as  well  as  other 

neoplastic T cell  lines  (with  and  without  chronic  infection  by HIV-l). 

The  only  RNAs  amplified  with  all  three  HTLV I primer sets were  obtained 

from MT2 and NS-l.  No cross  reactivity  was  observed  with  RNA  from  any 

of the other  cell  lines.  Sensitivity of the three  primer  sets  was 

determined  by attempting.NASBA amplification on dilutions  of  total  RNA 

obtained  from  MT2  cells.  The  tax A primer  set  was  able to amplify 5 pg 

of  total  RNA  from  these cells;  the  tax E and  pol  primers  were able to 

amplify  down  to 5 0 0  pg  2nd 5 ng,  respectively.  The  difference  in 

sensitivity for the  two tax,primer sets,  which  are  specific  for the same 

RNA  molecule,  indicates a primer  based  component to NASBA  sensitivity. 
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This  is  most  likely  due  to  secondary  structure  issues  which  are  typical 

with  RNA  analytes.  Despite  the  fact  that  the  same  number of target 

molecules  are  present  for  the  tax  A  and  B  primer  sets,  the  two  sets  of 

primers  may  not  be  able  to  anneal  to  their  respective  targets  with  equal 

efficiency. 

In  addition  to  utilization  of  these  primer  sets on model  systems, 

we  also  applied  the  HTLV  I  primer  sets  in  the  analysis of patient 

samples.  In  a  pilot  study,  nucleic  acids  were  isolated  from  patient 

peripheral  blood  mononuclear  cell  (PBMC)  cultures  that  had  been  viably 

cryopreserved.  There  were  a  total of 15 patient  samples  available  for 

this  study;  eight  were  HTLV  I  positive,  and  seven  were  HTLV  I1  positive. 

Prior  to  analysis  with  the  HTLV  I  primer  sets,  the  integrity of the  RNA 

obtained  from  each  sample  was  diagnosed  using  an  alternative  NASBA 

assay.  This  system  targets  the  RNA  which  encodes  the  A  protein of the 

U1 small  nuclear  ribonucleoprotein  (snRNP)  particle ( 5 ) .  The U 1  snRNP 

particles  are  involved  in  the  mRNA  splicing  process.  Transcripts 

encoding  the  component  proteins  of  the  particle  are  expressed in all 

human  cells.  The  protein  A  transcript  is  a  low  abundance  mRNA  target. 

As  such,  the  detection  by  NASBA  of  this  target  would  suggest  that 

isolation  of  RNA  from  the  cellular  source  was  successful  and  that  there 

was  proper  handling  of  the  sample.  When  this  assay  was  applied  to  the 

15 patient  PBMC  extracts,  RNA  was  detected  in 12 of  the  samples (7 HTLV 

I patients, 5 HTLV  I1  patients).  Therefore,  only  these 12 samples  were 

subjected  to  subsequent  NASBA  analysis. 

During  the  early  stages of NASBA  assay  development,  amplification 

reaction  products  are  detected  using '2P labeled  probes.  Figure 1 

depicts  the  results  obtained  from  such  an  analysis  of  the  seven 

snRNP+/HTLV I+ patient  PBMC  extracts  analyzed  with  the  tax  primer  sets. 

In  the  analysis  with  the  tax  A  primer  set,  all of the  patient  samples 

were  positive,  although  sample  F  is  only  weakly  positive.  In  the  tax  B 

primer  set  analysis,  all  of  the  samples  are  again  positive,  except  for 

sample F which  was  negative.  Thus,  the  greater  sensitivity  of  the  tax  A 

primer  set  demonstrated  during  the  analysis of the  cell  line  model 

systems  is  apparently  maintained  in  the  analysis  of  patient  samples. 
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FIGURE 1 
HTLV  I  patient  results.  Nucleic  acid  extracts  from  seven  HTLV I 
infected  patients  (lanes  A  through G) were  analyzed  by  NASBA using  the 
tax A and  tax  B  primer  sets.  The  amplification  reaction  products  were 
resolved  through an agarose  gel  and  transferred  to  nylon  membranes  using 
standard  techniques.  The  membranes  were  then  hybridized  with '=P 
labeled  probes  specific  for  each  NASBA  reaction  product.  After 
washings, the membranes  were  exposed to film  in  autoradiography.  Lane 
H: water  only  negative  control;  lane I: PIT2 cell  line  positive  control 
RNA. 

Importantly,  none  of the,BTLV I1  patient  samples  were  positive $n the 

analysis  with  both  HTLV I tax gene  primer  sets  (data  not  shown). We 

also analyzed the  tax A NASBA  products  using a nonisotopic  detection 

system,  called  ELCA  (enzyme  linked  gel  assay).  The  ELGA  system  utilizes 

a  horse  radish  peroxidase  labeled  probe  in  liquid  hybridization  format 

(13). Results  from  this  analysis  are  provided  in  Figure 2. Here, 

results from-HTLV I and  HTLV I1 positive  patient  samples  are  presented. 

Results  obtained  with the ELGA  system  were  identical to those  generated 

with the isotopic  detection  system. 

In addition to the gel based  detection  systems  described  above,  we 

also  adapted  the  ECL  system  for  detection  of the  tax A NASBA  product. 

This  required the development  of  a  capture probe which is specific  for 

the  tax A NASBA  product, at a  position  which is distinct  from the 

detector  probe  site.  This  capture  probe  was  immobilized  onto the 

surface of a  magnetic  bead  by  means of a  biotin-streptavidin 

association. After incubating  the  immobilized  capture  probe  with the 
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HTLV I NASBA 
(ELGA Results) 

FIGURE 
HTLV  I  tax  A  NASBA  ELGA  results.  Amplification  reaction  products 
generated  with  the  HTLV  I  tax  A  primer  set  were  analyzed  using  the 
colorimetric  gel  based  ELGA  detection  system.  The  arrow  indicates  the 
position  of  the  HRP  labeled  probe  bound  to  amplification  reaction 
product  in  the  gel.  The  lower  molecular  weight  band  represents  free  HRP 
labeled  probe.  HTLV  I  positive  samples:  lanes A, B, D, E, F, G; HTLV  I1 
positive  samples:  lanes  C H; water  only  negative  control:  lane  I; MT2 
cell  line  positive  control  RNA:  lane J. 

tax  A  NASBA  product  and  the  ruthenium  labeled  detector  probe,  the 

hybridization  reaction  product  is  loaded  into  the  NASBA  QR  system. 

Results  from  this  analysis  are  provided  in  Figure The  assay  negative 

consists  of  immobilized  capture  probe,  detector  probe,  and  water 

(i.e., no NASBA  product).  Therefore  the  ECL  signal  obtained  from  the 

assay  negative  can  serve  as an approximation  for  the  background  signal 

produced  in  this  system.  Samples  A  through  G  all  contain  HTLV  I 

positive  patient  PBMC  extracts;  samples  H  through  L  are  HTLV  I1  positive 

patient  extracts.  In  the  case  of  each  HTLV  I  positive  patient,  the 

resulting  ECL  signals  exceed  that  of  the  assay  negative  by  a  factor of 

at  least  six  (sample F), and  by  as  much  as  a  factor  of 1,600 (sample D). 

Interestingly,  the  sample  F  depicted  in  Figure with  the  lowest  ECL 

signal  among  the  HTLV  I  patients, is the  same  amplification  product  as 

lane  F  in  Figure 1. This  comparative  analysis  demonstrates  the  power  of 
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C 

Patient 

FIGURE 3 
ECL  detection of HTLV  I  tax  A  NASBA  products.  HTLV  I  tax  A  NASBA 
products  were  hybridized to a  capture  probe  (which  was  immobilized  onto 
the  surface  of  a  magnetic  bead)  and  a  ruthenium  labeled  detector  probe. 
This  product  was  loaded  into  the  NASBA QR system  (Organon  Teknika), 
which  quantifies  the  resulting  ECL  signal. assay  negative; HTLV I 
positive  samples=  A  through G; HTLV  I1  positive  samples= H through  L. 

the  ECL  detection  methodology.  In  the  case  of  the  autoradiography 

signal  produced  after  hybridization  with  a '=P labeled  probe, the signal 

is  only  slightly  above  background  level,  making an interpretation  of 

this  result  somewhat  difficult.  However,  when  the  same  amplification 

product is subjected to the  ECL  detection  procedure,  its  signal is six 

times  greater  than  the  background,  clearly  establishing it as a  positive 

sample.  Further,  the  specificity  of  the  system is maintained using the 

ECL  detection  procedure;  all  five  HTLV  11  patients  (lanes H through L) 

were  again  negative. 

DISCUSSION 

NASBA  is  a  total  system,  comprised of three  separate  technologies; 

nucleic  acid  isolation,  isothermal  amplification,  and  hybridization 
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based  detection. The nucleic  acid  isolation  procedure can be  applied to 

a wide range  of  sample  types  and  yields  highly  purified  nucleic  acids 

which are suitable  for  enzymatic  amplification.  The  actual 

amplification procedure  is  an  isothermal  transcription  based  system 

which involves  the  coordinated  activities  of  three  enzymes  and  two 

oligonucleotide  primers.  Amplification  by  NASBA  is  most  appropriate  for 

RNA analytes  due to the  direct  incorporation  of  the  reverse 

transcription  process  into  the  amplification  reaction.  Detection  of 

NASBA  products  is  possible  through  several  methods,  depending upon the 

actual  application.  Qualitative  detection  of  NASBA  amplification 

products  is  possible  with  gel  based  procedures  (e.g.,  Southern  blot, 

liquid  hybridization)  using  isotopic  and  colorimetric  systems. 

Quantitative  detection  of  NASBA  products  makes  use  of  ECL  chemistry  and 

an automated  reader  system. 

The appropriateness  of  the  NASBA  system  for  RNA  analytes  has  led 

to its  extensive  development  for  the  detection  and  quantitation  of 

retrovirus  RNA. The HIV-1 quantitative  NASBA  assay  makes  use  of  three 

internal  control  RNA  calibrators,  which  serve as system  controls  from 

the  earliest  point in the  assay.  By  spiking  known  quantities of these 

calibrator  RNAs  into  a  sample  lysate,  they  are  coextracted  and 

coamplified  along  with any wild  type  RNA  that  is  present  in  the  sample. 

At the detection  stage,  the  coamplificate  is  divided  and  subjected to 

hybridization  analysis  with  four  different  probes,  one  for  each 

calibrator  and  the  wild  type. By establishing  the  ECL  signal  ratio 

between  each  calibrator  RNA  and  the  wild  type  RNA,  the  original  wild 

type input  can  be  calculated.  A  NASBA  based assay.for the qualitative 

detection  of HTLV I  RNA  has  also  been  developed. In this system, 

nucleic  acid  isolation  and  amplification  are  conducted in the same 

manner as in the  quantitative  configuration  of  the  system.  However, 

multiple  methods  can  be  applied  for  detection,  including  Southern  blot 

analysis  with  a 32P labeled  probe,  liquid  hybridization  using  a  horse 

radish peroxidase  labeled  probe  (i.e.,  ELGA), or the  ECL  based  system. 

Evaluation  of  both  of  these  assays on clinical  samples  has 

revealed  that  the  NASBA  system is a  highly  useful  tool  for  RNA 

diagnostics.  The  capacity to develop  the  technology  for  quantitative 
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and qualitative applications  makes it particularly  relevant for the 

study  of  Retroviruses.  Further, it  is clear  that  the  NASBA  system can 

be applied to systems  outside  of  virology,  including other infectious 

diseases,  oncology,  genetic  screening,  and  cell  biology. 
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ABSTRACT 

Electron  microscopy  (EM)  is  a  valuable  tool  in  diagnostic  medicine,  and  in  some  cases,  can 
be  enhanced  by  immunological  methods.  A  major  medical  application  of  EM,  diagnostic  virology, 
can  frequently be augmented  by  employment  of  immunological  reagents.  Three  immunoelectron 
microscopy (EM) methods,  aggregation,  coating,  and  gold  labeling,  provide  means  for  serotyping 
viruses;  aggregation by  antibody  can  also  be  used  to  concentrate  viruses  in  dilute  suspension to 
serotype  them. 

proteins  to  the  infected  cells  or  tissues.  Delineating  the  subcellular  location of viral  components 
can  yield  information  about  how  virions  are  constructed,  and  hence,  suggest  methods  and 
compounds  for  inhibiting  that  process.  Conversely,  labeling  virus-infected  cells  with  antibodies 
against  various  cell  receptors  and  proteins  can  yield  information  about  the  association  of  the 
proteins  with  budding  virions.  Another  research  example  is  the  identification  by  immunological 
staining  of  virus-infected  cells  for  subsequent  ultrastructural  identification  of  the  specific  cell  type 
involved. 

As  a  research  tool, E M  can  be  useful  in  studying  the  relationship  of  various  pathogen 

Electron  microscopy  and  immunolabeling  methods  are  also  useful  in  the  diagnosis  of 
immune  complex  disorders,  including  various  forms  of  postinfectious  immune  complex 
glomerulonephritis.  Precise  analysis  of  immune  complex  deposits  can  be  accomplished  by  using 
EM  to  pinpoint  their  location  and  immunohistology  to  probe  their  composition. 

immunofluorescent  labeling,  can be used  to  identify  areas of interest  in  inhomogeneous  tissues  for 
further  study  by  EM. 

Finally,  a  variety of optical  microscopic  techniques,  including  some  involving 

INTRODUCTION 

Electron  microscopy  (EM)  is  a  powerful  tool  for  the  investigation  of  infectious  processes. 
It  is  widely  applied  in  the  diagnosis  of  viral  illnesses but  can  be  used  to  detect  infections 
with  other  agents  such  as  bacteria,  mycoplasmas,  and  fungi.  Electron  microscopy  is  also  of  crucial 
importance  in  the  analysis  of  certain  indirect  systemic  consequences  of  infection,  such  as 
postinfectious  immune  complex  glomerulonephritis. 

each  of  these  applications,  EM  provides  ultrastructural  resolution  necessary  for  direct 
visualization of  the  pathologic  process.  In  obtaining  this  resolution,  however,  EM  places  severe 
limitations  on  the  amount  of  tissue  that  can  be  examined;  focal  pathologic  processes  can  easily  be 
missed  by  routine  ultrastructural  examination.  Similarly,  dilute  particulate  samples  such  as  viruses 
in  suspension  may  go  undetected.  Conventional  EM  also  provides  little  biochemical  information 
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about  the  specimen  under  study; it cannot,  for  instance,  identify  the serotype of an infectious  virus 
particle or the  subclasses  of  immunoglobulin  molecules in an  immune  complex  deposit. 

tissues are labeled  with  antibodies  specific  for  exogenous  and/or  endogenous  antigens  (e.g.,  viral 
proteins,  immunoglobulin  isotypes) When  applied  at  the  light  microscopic  level,  these 
methods  can be used to search  large  tissue  specimens  for  focal  pathologic With 
properly  selected  antibody  reagents,  they  can also provide  very  specific  biochemical  information 
about  infectious  agents  and the immune  response  mounted  against  them. 

resolution. For example,  immunofluorescence  analysis  for  immunoglobulin  isotypes  can  provide 
precise  information  regarding  the  composition  of  glomerular  immune  complex  deposits,  but  only 
an  approximate  idea of their  distribution.  Immunohistologic  approaches  in  general are also  limited 
by availability  and  selection  of  antibody  reagents. 

Several of the  drawbacks  of  EM are overcome  by  immunohistologic  methods,  in  which 

The  advantages  of  immunohistology,  conversely, offset  somewhat  by  suboptimal 

The  respective  weaknesses  of EM and  immunohistology  can  be  overcome  in  many  cases  by 
combined  use  of the two  investigative  modalities.  In  some  instances,  the  combination may simply 
involve  separate,  parallel or sequential  examinations  of  a  specimen  by  both  methods,  a  technique 
referred  to as "correlative  microscopy."  In  other  applications,  immune  reagents  can  be  used  to 
stain  tissues  and  aggregate  or  concentrate  particulate  specimens  for  direct  examination  by E M  these 
methods  are  collectively  designated  "immunoelectron  microscopy" (EM). This  presentation  will 
describe  applications of both  types of microscopy  to  the  diagnosis  of  infectious  diseases  and  their 
complications. 

Tissue  was  embedded  in  gelatin,  snap  frozen in 2-methylbutane in a  liquid  nitrogen  bath, 
and  stored  at -7OOC. Frozen  sections  were  cut  at pm, air dried, fixed  in  acetone,  and  stained  by 
the  direct  immunofluorescence  method  using  FITC-conjugated  antibodies  against  human  IgG, 
IgM,  IgA,  C3, Clq, fibrinogen  (Cappel Co., Durham,  NC),  albumin  (Bionetics,  Kensington, 
MD), and  immunoglobulin  kappa  and  lambda  light  chains (Dako Corp.,  Carpinteria,  CA). 
Immunofluorescence  microscopy  was  performed  using  an  Olympus  BH-2  microscope  equipped 
with  a BH2-RFC epifluorescence  attachment  (Olympus Corp., Lake  Success, NY). 

(5) 

Tissue  was  fixed  in 2% glutaraldehyde  in 0.1 M  cacodylate  buffer,  pH containing 
sucrose.  Following  fixation, 1 0 0 - p m  sections  were  cut  on  a  vibrating  microtome  (EMS, 

Fort  Washington,  PA).  The  sections  were  stained by  immersion  in 50 pg/ml  propidium  iodide  in 
distilled H20 for min at 2SoC,  then  examined  using  a  slit-scanning  confocal  microscope 

(InSIGHT  Plus,  Meridian  Instruments,  Inc.,  Okemos,  MI) quipped with  a green excitation  filter 
cube.  Areas  of  interest  were  excised  using  a  razor  blade  and  processed  for  electron  microscopy  as 
described  below,  with  embedment  in  flat  molds.  Care  was  taken to insure  that the surface of the 
tissue  examined  by  confocal  microscopy  was  embedded  parallel to and  facing  the  end of the block 
to be  sectioned (6). 
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Immunolabeline  for  electron  microscopy 
Small  round  viruses  were  obtained  from  stool  by  water  extraction  and  low  speed 

centrifugation to remove  large  debris  (2).  Virus  aggregation  was  performed by adding  monoclonal 
anti-poliovirus  type 1,2, or 3  antiserum  at  a  final  dilution  of  1: I O 0 0  to the  virus  suspension, 
incubating  1  hr  at 37OC,  and  pelleting  the  aggregates  at  17,000  x  g for 1.5  hr (7). A  grid  with  a 
support  film  was  then  placed  onto  a  drop  of  the  pellet  suspension,  drained,  and  negatively  stained 
as  described  below. 

Rotaviruses  extracted  from  stool  were  adhered  to  grids  with  support  films  and  then  labeled 
by  adding  specific  rabbit  anti-rotavirus  (either  type  A or B)  serum,  washing,  and  adding  goat  anti- 
rabbit  serum  conjugated  to  IO-nm  colloidal  gold.  Immunological  methods  for  virus  identification 
have  been  reviewed  by  Hayat  and  Miller (8). 

Staining  of  HIV-infected  cells  was  performed  on  live  cells  at  4°C  with  mouse  monoclonal 
antibody  against  CD44,  followed  by  goat  anti-mouse  serum  conjugated  to  IO-nm  colloidal  gold; 
cells  were  washed  3  times  in  buffer  after  each  antibody.  Cells  were  then  fixed  and  embedded  for 
EM  routinely  as  described  below. 

Staining of ultrathin  cryosections  for  localization  of  internal  antigens (9) was  performed 
directly  on  grids  using  drops  of  primary  antiviral  antibody:  in  the  case  illustrated,  mouse 
monoclonal  antibody  against  an  Ebola  virus  nucleocapsid  protein.  Secondary  labeling  was  with 
rabbit  anti-mouse  serum  tagged  with  10-nm  colloidal  gold.  Other antibodies  were  detected 
with  either  protein  A-  or  protein  G-gold.  Controls  were  an  unrelated  antibody of the  same  type  and 
uninfected  cells. 

w h e n  preDaration  and Electron MicroscoDy 
Negative  staining  of  whole  virus  preparations on Formvar  and  carbon-coated  grids  was 

with  uranyl  acetate.  Hayat  and  Miller  have  reviewed  negative  stains  and  procedures (8). Routine 
processing of tissue  included  glutaraldehyde,  osmium,  and  uranyl  acetate  fixation,  followed  by 
dehydration  in  graded  ethanols  and  embedment  in  Spurr  resin Ultrathin  epoxy  sections  were 
cut on a  Reichert-Jung  Ultracut E ultramicrotome  (Leica,  Deerfield, L) and  post-stained  with 
uranyl  acetate  and  lead  citrate.  Ultrathin  frozen  sections  were  cut  in  an  FC 4E cryochamber 
attachment  for  the  ultramicrotome.  Electron  microscopy  was  performed  on  a  Philips  EM300 
electron  microscope  (Philips  Electronic  Instruments,  Mahwah, NJ). 

RESULTS 

Immunoelecmn  microscQpy 

Virus  serotvpine.  Antiserum  against  poliovirus  type  3  aggregated  the  small  viruses  isolated 
from  stool  of  an  immune  deficient  child  (Fig. lA), while  antisera to types  1  (Fig.  1B)  and  2  did 
not.  Rotaviruses  isolated  from  cases of gastroenteritis  in  North  Carolina  reacted  with  anti-rotavirus 
type  A  and  were  labeled  by  colloidal  gold-conjugated  secondary  antibody  (Fig.  2A).  Antibody 
against  rotavirus  type B did  not  recognize  these  viruses  (Fig.  2B). 

mouse  antiserum  conjugated  with  colloidal  gold,  showed  that  the  virus  particles  are  associated  with 
the  antigen  and  carry it  out  as  they released  from  the  cells  (Fig.  3). 

Ex t radbb  labeling.  Labeling  HIV-infected  cells  with  anti  CD44,  followed  by  goat  anti- 
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FIGURE 1 
Serotyping by  immunoaggregation.  A.  A  small  round  virus from stool  reacted  with  anti- 
poliovirus  type antiserum,  the  antibodies  aggregated  the  virions  into  large  clumps.  B.  The  same 
virus  reacted anti-poliovirus  type 1 antiserum;  clumps  were  not  formed.  Bars  represent 100 
nm. 

FIGURE 2 
Serotyping  by  immunolabeling.  A.  Rotavirus  from  stool  was  reacted  with  antirotavirus  type  A 
antiserum,  followed by  gold-conjugated  secondary  antiserum.  Black dots  indicate  the  positive 
reaction.  B.  The  primary  antibody  used  was  antiserum  against  group  B  rotavirus.  Bars  represent 

nm. 

-. Cultured  cells  were  stained  with  a  monoclonal  antibody  against 
an  Ebola  virus  nucleocapsid  protein;  the  reaction  was  identified  by  gold-labeled  secondary 
antiserum.  In  preliminary  experiments,  high  background  staining  was  observed  in  inappropriate 
subcellular  locations;  this  was  eliminated by  absorption  of the primary  antibody  preparation  with 
uninfected  cells.  When  infected  cells  were  stained  with  the  absorbed  primary  antibody  (Fig. 4A), 

virus  factories  inside  the  cells  were  labeled,  as  well  as  budded  virions  at  the  surface. An unrelated 
mouse primary  antibody  used  as  a  control  was  nonreactive  (Fig. 4B). Uninfected  cells  were 
heavily  labeled  by  unabsorbed  primary  antibody  (Fig.  4C),  but  no  staining  was  present  when 
absorbed  primary  was  used  (data not shown). 
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FIGURE 
Extracellular  antigen  detection.  Antiserum  against  the  cell  surface  receptor  CD44  reacts  not only 
with  the  surfaces  of  HIV-infected  cells  but  also  with  the  virions,  and  frequently is  seen  at  the  necks 
of  budding  particles.  Cells  provided by  Dr. Barton Haynes.  Bar  represents nm. 

Correlative Microsc~py 

Immune complex diseasu.  Figure 5 includes  three  micrographs  from  a  kidney  biopsy 
performed a  patient  with  hepatitis  C  virus  (HCV)  infection,  cirrhosis,  and  progressive  renal 
failure.  Light  microscopy  (Fig.  5A)  demonstrated  diffuse  proliferation of cells  within  glomerular 
tufts. By  immunofluorescence  microscopy,  granular  immune  complex  deposits  containing  IgG, 
IgM,  and  immunoglobulin  kappa  (Fig.  5B)  and  lambda  light  chains  were  detected  within 
glomeruli.  Though  some of were  located  in  capillary  loops,  their  exact  location  with  respect to the 
capillary  basement  membranes  could  not  be  ascertained.  This  problem  was  solved  by  EM  (Fig. 
5C).  which  demonsmted  immune  complex  deposits  (arrowheads)  on  the  inner  ("subendothelial") 
faces of  the  basement  membranes. 

Selection of tissue  samules  for  EM.  Correlative  microscopy  can  be  used to identify  focal 
infectious  lesions  for  subsequent  examination by  EM. This  principle  was  applied  to  the  analysis of 

autopsy  tissue  from  a  patient  with rare renal  granulomas.  Using  a  confocal  microscope,  a 
granuloma  was  located  in  a  vibrating  microtome  section  of  glutaraldehyde-fned  tissue  stained  with 
propidium  iodide  (Fig.  6A; *); an  adjacent  vascular  space  (v)  and  a  portion of a  glomerulus  (g) are 

also  visible in the  micrograph.  The  area  of  interest  was  excised  and  embedded  for  EM.  Light 
microscopic  examination  of  a  toluidine  blue-stained  thick  epoxy  section  (Fig.  6B)  confirmed  the 
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FIGURE 4 
Intracellular  antigen  labeling.  Ultrathin  cryosections of Ebola  virus-infected  cells  were  labeled  with 
a  monoclonal  antibody  against  one of the  nucleocapsid  proteins.  A.  Antibody  absorbed  with 
uninfected  cells  shows  labeling  over  the  virus  factories  in  the  cytoplasm of cells  as  well  as  a  little 
labeling  over  virions;  only  virions  cut so that  the  internal structure is  available  to  the  antibody are 
stained. B. Control  infected  cells  reacted  with  an  unrelated  antibody are not  stained.  C.  Infected 
cells  reacted  with  unabsorbed  antibody  have  high  background  over both the  cytoplasm  and  nucleus 
of  the  cell.  Bars  represent 1 pm. 
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FIGURE 5 
Correlative  microscopy:  Immune  complex  detection.  A.  Light  micrograph an H & E-stained 
paraffin  section  of  a  glomerulus  from  a  patient  with  HCV  infection  demonstrating  increased 
cellularity. B. An  immunofluorescence  micrograph a  glomerulus  stained  for  immunoglobulin 
kappa  light  chain  shows  granular  immune  complex  deposits in capillary  loops.  Bars  in and B 
represent 300 pm. C. The  exact  location  of  the  deposits  (arrowheads)  was  demonstrated  by 
electron  microscopy to be on  the  inner  faces  of  capillary  loop  basement  membranes. Bar 
represents 10 pm. 
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FIGURE 6 
Correlative  microscopy:  Confocal  microscopy  selection  of  tissue  for EM exam. A.  Confocal 
micrograph of a  vibrating  microtome  section of kidney  showing  a  granuloma a  vessel  (v)  and  a 
portion  of  a  glomerulus  (g). B. Light  micrograph a  toluidine  blue-stained  thick  epoxy  section 
of the  same  area  shown  in C. Very low  magnification EM of  a  thin  section  from  the same area 
showing  the  same  structures.  Bars  in  A-C  represent D. High  magnification of yeasts 
seen  in  the  granuloma. Bar represents 1 

presence of the  granuloma  and  adjacent  structures;  and  a  very  low  magnification  electron 
micrograph of thin  sections  produced  following the thick  section  also  shows the granuloma  (Fig. 
6C). At  higher  magnification, EM revealed  rare  yeasts  (Fig. 6D). 

Virus  serotyping  can be performed  with  specific  antiserum  if  identification  has  been 
narrowed to allow  selection  of  the  proper  reagents  and  if  the  reagents are available. In the  example 
shown here, small  round  viruses  seen  in  the  stool of a  patient  with  severe  combined 
immunodeficiency  were  identified as one of the  vaccine  strains  of  poliovirus by clumping  with 
antivirus  antiserum. 
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Similarly,  antisera  against  different  types  of  rotaviruses  followed by colloidal  gold 
secondary  antibody  permitted  specific  identification of North  Carolina  strains  to be type A, and  not 
the  more  virulent  Asian  form,  type B. Such  reactions  permit  epidemiological  studies various 
virus  infections. 

Labeling  of  extracellular  antigens  such  as  the  CD44  receptor  shown  here  permit  study of 

the  cell  surface  antigens  as  well  as  the  relationship surface  proteins  to  other  processes,  such  as 
budding  viruses attachment  sites to other  cells. 

Concerted  use  of  EM  and  immunohistochemistry  is a mainstay  in  the  diagnosis  of  immune 
complex  diseases.  This  is  particularly  true  for  the  study  of  renal  biopsies,  where  EM  is  routinely 
performed  in  tandem  with  immunofluorescence  microscopy  using  antisera  against 
immunoglobulins  and  complement  components.  Immunofluorescence  provides  information  about 
the  composition  of  immune  complexes,  while  EM  pinpoints  their  location. 

Complexes the  subendothelial  faces  of  capillary  loop  basement  membranes  are  seen 
frequently  in  patients  with  glomerulonephritis  associated  with  HCV  infection  (1  1). In contrast, 
glomerular  disease  associated  with  several  other  forms  of  infection  (e.g.,  post-streptococcal 
glomerulonephritis)  typically  involves  deposition  of  immune  complexes the  outer 
("subepithelial")  aspect  of  the  basement  membrane. 

Several  investigators  have  obtained  ultraseuctural  and  biochemical  information  about 
immune  complexes  simultaneously  by  employing  immunogold  labeling  and  immunoelectron 
microscopy  (12,  13, 14). As  of  yet,  however,  this  approach  has  been  confined  to  the  research 
laboratory,  and  has  not  been  applied a  routine  diagnostic  tool. 

Tissue  blocks  for  routine  examination  by EM are  limited  to  a  size  of  approximately 1 mm3. 
Since  many  pathologic  processes,  including  infections, are very  focal,  they  may  not be represented 
adequately  in  small  random  samples  taken  for  EM  study  from  a  larger  tissue  specimen.  This 
problem  can  be  solved  using  correlative  microscopy.  We  have  recently  developed  a  technique  in 
which  large  tissue  samples  are  examined  by  confocal  laser  scanning  microscopy  to  identify  areas 
with  suspicious  features  (e.g.,  viral  cytopathic  changes,  necrosis,  inflammation)  for  subsequent 
analysis by  EM.  Confocal  microscopes  allow  direct  examination  of  relatively  thick  tissue 
specimens by producing  "optical  sections"  of thin planes  within  the  tissue. 

The  confocal  microscopy  step  can  be  tailored  to  a  variety  of  fluorescent  probes. research 
settings  where  infection with a  specific  pathogen  is  known suspected,  infectious  foci  can  be 
identified  by  staining  with  fluorescently-tagged  antibodies  for  subsequent  ultrastructural  study. 
The  technique  can  also  be  generalized to other  diagnostic  pathology  settings,  including 
ultrastructural  analysis of small  foci  of  neoplastic  tissue. 
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of  multilayers. This being the case, it seems  unlikely  that the adsorption of host protein in vivo 
would  generate  new  epitopes  against which the host‘s immune system could respond and 
subsequently initiate an autoimmune  syndrome. 

INTRODUCTION 

The interaction of antibodies and antigens is a natural vivo  event which is part of the 

host‘s protective immune  response. The specificity and high affinity‘ of these interactions have 

made  them valuable for in vitro detection and quantification of antigenic material, and also for in 

vitro  measurements of the immune  response.  Since the discovery and use of immunoassays in 

the late 19th century, separation of the antigen-antibody  complex from the remaining milieu has 

been fundamental to the technology. Since some  complexes form visible precipitates or 

agglutinate  cells, separation was  straightforward.  However  immunoassays based on 

agglutination and precipitation are restricted to certain antibodies and types of antigens and 

especially precipitin assays, are not  very  sensitive. Substantial improvement in sensitivity came 

about with the development  of  radioimmunoassay  (RIA; l), a  competitive-based  assay  which 

also  allowed  low  molecular  weight  (haptenic)  antigens to be quantified.  Nevertheless, 

separation of the antigen-antibody  complex from the remaining milieu remained a technical 

hurdle  and remained “the slowest ship in the immunoassay  convoy”. Thus, the concept  of 

immobilizing  one reactant on a synthetic solid-phase became popular.  While  many  ingenious 

methods  of  immobilization were used,  by far the simplest and most  convenient  was based on 

the  observation that proteins (including antigens and antibodies) readily adsorb to hydrophobic 

synthetic polymers in nearly  non-dissociable fashion (2). Thus was born what would become 

known  as  solid-phase  immunoassay (SPI) with detection systems based on radioactivity  (RIA, 

IRMA), colored and chemiluminescent enzymatic products (ELISA) and fluorescence. 

SPls have  a  number  of notable characteristics. First, they permit a  very large amount of 

reactant to be localized in a small area,  probably within 4 0 0  from the surface. This 

theoretically  favors the binding of low affinity antibodies or antigens and for all interaction, the 

slow rate of dissociation leads to high affinity’  constants between the soluble  reactant and the 

immobilized reactant.  These  types of interfacial interactions generally have equilibrium 

constants  2-log greater than their solution phase counterparts 4). This feature has made it 

possible to conduct  multi-step  immunoassays,  especially  exemplified by ELISAs,  without 

significant dissociation of the reactants during the process.  Second, the use of  plasticware-type 

solid phases, i.e. microtiter wells and large  spheres, introduced a  degree  of diffusion 

dependence not associated with fluid-phase  interactions.  Finally, the widely-used method of 

‘The term affinity  and avidity.are used interchangeable although recognizing  that  most  solid- 
phase interaction are multivalent and their higher equilibrium constants reflect such  multivalent 
interaction and should be more correctly  expressed as avidity  constants. 
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FIGURE l. 

The effect of non-adsorptive immobilization of CAbs on retention of AgCC. Illustrations labelled 
A  and on the left show  how  a CAb is either adsorbed directly on polystyrene or 
immobilized  via  a streptavidin bridge  (A) to some  adsorbed, biotinylated carrier protein (RGG, 
KLY or  GEL). Graph C on the right,  shows  that the AgCC  (measured as the percentage of 
antigen captured) is > 5-fold higher for non-adsorbed  CAbs (closed triangles) than for those 
directly  adsorbed. So that the amount of CAb immobilized by each method could be precisely 
known, initial studies were  conducted using 1251-CAb or biotinylated lZ51-CAb (6, 29). 

becomes immobilized on SA-PS. Figure shows that these differentially-treated lgGs are 

also  adsorbed to polystyrene even'in the presence of the denaturing solution. 

Our laboratory has investigated the capacity of monoclonal  antibodies  (mAb) and 

polyclonal  antibodies  (pAbs) to recognize  various  subclasses and allotypes of bovine IgG 

immobilized as described in Figure  3.  Representative data for two mAbs and two pAbs,  specific 

for bovine lgG1, are given in Figure 5. First, these data show that in all cases, lgGl adsorbed 

to either lmmulon 2a2 or PEP, is less antigenic than when immobilized on SA-PS.  Second, 

lgGl pre-denatured with Gu-HCI, is significantly  less  detectable  when immobilized on SA-PS, 

21mmulon 2 is a  trademark  product of Dynatech,  Chantilly, VA. It is a  y-irradiated  polystyrene. 
It has  a  surface tension component  (mJoule/mZ) of -18.3  whereas Polysorp (pure polystyrene) 
has a  component of -0.65 and PEP  -0.12.  Surface tension components more negative than 28 
mJlm2 are considered hydrophilic surface and those approaching zero (such as PEP) are 
regarded as  very  hydrophobic.  The  silicone  elastomer  PEP  was  supplied  by  Dow-Corning, 
Midland,  MI, and is of the same  chemistry  as the envelope  of  silicone  breast  implants.  Polysorp 
was obtained from  NUNC,  Roskilde,  Denmark. 
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The  proportion  of  three  polyclonal (left) and  three  monoclonal  (right)  Cabs  for  fluorescein  (FLU) 
remaining  active  after  being  immobilized  by  different  methods.  Rb8 = rabbit 8; RblO = rabbit 
10; Msel = mouse  1  and 1-112-3-6, 10-25  and  5-27  are  monoclonal  antibodies to FLU. Data  are 
expressed  as  the  proportion  of  capture  antibody  equivalents  (CAbeqv)  which  remain  active. 
One  CAbeqv  corresponds to a  bivalent  antibody  binding  one  fluorescyCBSA  molecule.  CAbeqv 
approaching  200  are  interpreted to mean  that  each  antibody  binding  site  has  bound  a  separate 
fluorescyl-BSA  molecule.  PABC = immobilized  via  the  streptavidin  bridge  configuration 
illustrated in Figure 1. Antiglobulin  immobilization  involves  the  adsorption  of  a  polyclonal  anti- 
mouse or anti-rabbit IgG which  then  captures  the  anti-fluorescein  antibody.  The  amount  of 
each  CAb  immobilized  using  the  different  methods  was  initially  determined  using 1251-CAbs. 
Iodinated  fluorescy14,2-BSA  was  used  as the  antigen.  The  functional  concentration  of  each  anti- 
FLU was  determined  by  fluorescence  quenching.  From  Butler  et  al.  (29) 

FIGURE 3. 

C 

Three  different  methods  for  immobilizing  bovine  lgGs  for  studies  on  the  antigenicity  of 
immobilized  antigens.  A=  direct  adsorption  at two different  concentrations;  B = immobilization 
via  streptavidin;  the  round,  barbed  circle  depicts  streptavidin;  C = secondary  adsorption;  the 
flattened  ellopsoids  on  the  surface  depict  albumin.  The  actual  amount  of  each  immobilized  IgG 
was  determined  using '251-1gG and  measuring  the  radioactivity in each  well  after  completion  of 
the  immunoassay.  The  methods  are  further  described in the  text. 
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FIGURE 4. 

The effect of pre-denaturation of lgGs on their immobilization via a streptavidin bridge (A) or 
adsorption on polystyrene (B). Data indicate that only biotinylated IgG is immobilized via the 
streptavidin bridge in the presence  of PBS-T and that both native  and denatured forms of IgG 
adsorb to polystyrene, the latter even in the presence of  denaturants. Immobilization was 
determined using 1251-lgGs. 

especially  when  mAbs are used for detection.  Third, tnere is no antigenic difference between 

lgGl adsorbed in native form or adsorbed after  pre-treatment with Gu-HCI. In all cases, 

whether  adsorbed  or immobilized on SA-PS, lgG1 which had been reduced with 2- 

mercaptoethanol in the presence of Gu-HCI,  was  antigenically inactive (data not  shown). 

Finally,  some  antibodies  (mAb3.7)  distinguish  between lgG1 adsorbed on polystyrene  versus 

lgGl adsorbed on the silicone  elastomer. 

These results show that adsorption  alone  results in the same  degree of antigenic 

change  as  pre-denaturation  plus  adsorption on hydrophobic  surfaces.  Data  also indicate that 

not all surfaces have the same  effect on antigenicity and as might be expected, differences in 

antigenicity  are more easily  observed  when  mAbs are used.  Whether  these differences in 

antigenicity  are  solely  due to the greater  accessibility of the lgGs immobilized on SA-PS versus 

when  adsorbed. is addressed  below. 
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FIGURE 6. 

The  preferential  recognition  of  allotypic  variants  of  bovine  lgG2a  when  adsorbed  on  polystyrene 
(Imm 2) or  silicone  (PEP)  versus  when  immobilized  via a streptavidin bridge (SA-PS). 
Antigenicity  was  measured by both ELISA  (left  ordinate)  or using an  immunoradiometric  assay 
(IRMA; right ordinate). A = Detection  of  lgG2a(A2)  by  monoclonal 113574. = Detection  of 
IgG2a(A1)  and  lgG2a(A2)  by a polyclonal  anti-lgG2a. ELBA values  expressed  were  obtained 
in the  same  manner  as  described  for  the  data in Figure 5. When  an  IRMA  was  used, the 
amount  of  unlabeled IgG adsorbed  was  calculated  from  studies  using  iodinated IgG as 
described  previously (29). 

secondarily  immobilized IgG versus IgG directly  adsorbed to a hydrophobic  polymer,  especially 

at  very  low  concentrations  of  adsorbed  IgG. 

One  argument that can be raised against the data of Figures 5 and 7, is that difference 

in antigenicity  are  not a result of conformational  change  but rather result  from:  (a) steric 

hindrance  of the large ELISA  detection  system  which  has a molecular  size of *1000 kd or  (b) a 

chemically  unfavorable  environment for antibody  binding.  The latter includes  such  factors  as 

charge-charge  repulsion  and  physical  interference  by  adjacent  molecular  structures;  the latter is 

a type  of  steric  hindrance  on a delicate  scale.  The first possibility  can  be  partially tested by 

employing a detection  system  equal in size  or  smaller than the target IgG antigen.  Hence,  the 

12s1-fragment  of  '251-lgG  antibody  was  used. The Fab fragments  were  prepared  using  solid- 

phase  papain  (Pierce  Chemicals,  Rockford, IL) followed by high pressure  affinity 



ADSORPTION-INDUCED  ANTIGENIC  CHANGES 47 

2 

1.5 

m 
m 
F 1  
4 
0 

0 
50 I O 0  200 400 

OD405 

5- 

10 of 



48 BUTLER, NAVARRO, AND SUN 

if the  antigenicity  of  adsorbed  lgG2a  was  tested  over  a  range  of  concentrations  with  several 

anti-lgG2a mAbs. Figure 8 compares  the  antigenicity  of  lgG2a(A2)  adsorbed  over  the  range 

from  12-456  ng/well  using  four  different  anti-lgG  mAbs.  The  concentrations  of  12  and  135  are 

sub-saturating  levels  (Fig.  3A).  While  VZ3.12.3d  and  DAS-2  show  no  difference in their 

detection  ability  over  the  range  studied,  m574  especially,  but  also  DAS-9,  detect  a  striking 

increase in antigenicity  when  lgG2a(A2) is adsorbed  at  sub-saturating  concentrations. 

A  popular  alternative to the  production  of  conventional  mAb is the  use  of  synthetic 

phage  display  libraries  expressing  single  chain  antibody  fragments  (scFV;  IO).  Since it appears 

that  adsorbed  proteins  may  express  new  epitopes  or  at  least  express  them in a  more  favorable 

manner  for  recognition  (Fig.  6),  we  believed  that  phage  display  libraries  could  be  cloned  on 

adsorbed  protein  monolayers  to  obtain  clones  that  recognized nnly epitopes  on  adsorbed 

proteins.  These  phage  clones  could  then  be  used  to  study  AICC.  Prior  to  proceeding to full- 

scale  cloning,  we  tested  the  ability  of  an  anti-fluorescein  (FLU)  phage  clone  provided  with  the 

LOX library (l 1) to  recognize  FLU-conjugated  proteins  on  various  surfaces. 

Figure 9 shows  that  the  specificity of this  anti-FLU  phage  was  dependent  on  the 

compound  used  for  conjugating  the  fluorescein  hapten  (FLU) to the  adsorbed  carrier  protein 

and on the  carrier  protein used. Figure 9A  shows  that  the  anti-FLU  phage  readily  binds  to 

fluorescein  isothiocyannate  conjugated  to  BSA  (FITC-BSA)  but  not  when  the  FLU is coupled  to 

using  ditriazinoamino  fluorescein  (DTAF-BSA).  However,  DTAF-Hgg  or  BSA  conjugated 

to  FlTC  using  a  six-carbon  spacer (SACF),  were  also  well  recognized. 

We  then  wondered if the  difference in antigenicity  of  DTAF-BSA  and  DTAF-Hgg  could 

be due to the  microenvironment  of  the  lysine  residues  to  which  FLU  should  be  attached in both 

proteins.  Figure 9B shows  that  digestion  of  DTAF-BSA  improves its ability to inhibit  binding to 

the  solid-phase  FITC-BSA  versus  non-trypsin  treatment.  However, if BSA is heavily  substituted 

with  FLU  using  DTAF, it becomes  a  good  inhibitor. In the  same  study,  DTAF-Hgg  or  protease 

K-treated  DTAF-Hgg  inhibit  equally  well.  A  consistent  observation is that  fluorescyl-proteins, 

especially  DTAF-Hgg,  maintain  their  inhibitory  ability  even  at  high  dilution  by  comparison  to  the 

free  hapten  (FLU-NH2). 

DISCUSSION 

The loss of antibody  activity  by  adsorbed  anti-FLU  CAbs  compared  to  their  counterparts 

immobilized  at  some  distance  from  the  surface,  either  using  a  streptavidin  bridge  (Fig. 1 & 2) or 

an  antiglobulin  to  immobilize  the  CAb  (Fig.  2),  suggests  that  accessibility  might  best  explain  the 

differences in antigenic  activity.  This  conclusion is also  consistent  with the lower  antigenicity  of 

lgGs  adsorbed  on  PEP  or  polystyrene  as  a  monolayer  versus IgG immobilized on SA-PS  or 

secondarily  adsorbed on an  albumin  monolayer  (Figs. 5 & 7). Since  lower  amounts of IgG  can 

be  immobilized on SA-PS  versus  adsorption  as  a  monolayer (9) one expects  the  immobilized 
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FIGURE 9. 

The  specificity  of  an  anti-FLU  filamentous  phage for different fluorescyl protein conjugates. A. 
Recognition  of  FITC-BSA,  SACF-BSA  or  DTAF-Hgg  but not poorly substituted DTAF-BSA. 
The  ability of various fluorescyl conjugates and FLU-NH2 to inhibit the binding of anti-FLU 
phage to DTAF-Hgg adsorbed on polystyrene.  Legend on figure.  L-sub and H-sub indicate low 
and high FLU substitution respectively. /typsin and lprot k indicate the conjugates  were treated 
with trypsin and protease k, respectively.  The  various fluorescyl protein conjugates were 
adsorbed on lmmulon 2 (Dynatech,  Chantilly,  VA), dilutions of the phage  clones  added in PBS- 
tween  containing 20% Superblock  (Pierce,  Rockford, IL) and the bound  phage  subsequently 
detected after washing using polyclonal anti-MI3 conjugated to alkaline  phosphate  (Pharmacia, 
Piscataway, NJ). 

differences are not  merely due to epitope accessibility  but rather to epitope exposure or 

accessibility resulting from conformational change at sub-saturating  levels.  Thus we propose 

that  proteins  adsorbed  at  subsaturating  levels  assume  a different conformation from those in 

the  monolayer  (Fig.  3A). 

The  data  presented for the anti-FLU  phage  demonstrate  that  changes in either 

conformation or accessibility  need not be dramatic to affect detection significantly.  The 
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example of the  anti-FLU  phage  (Fig.  9A)  demonstrates how the  exact Same  ePitoPe (FLU)  can 

be  more  or  less  available to the  anti-FLU  phage  depending  on  the  form  of  FLU  used  for 

conjugation,  the  degree  of  substitution  and  the  type  of  Carrier  Protein.  While  the  anti-FLU 

IOW amount  of  FLU,  digestion ofthis DTAF- 

BSA substantially  increases its ability to inhibit  binding to DTAF-Hgg  or FITc-BsA adsorbed  on 

polystyrene  (Fig.  9B).  This  result is surprising,  since  fluorescyl-BSA  prepared  with  DTAF is 

believed to result in the  coupling  of  FLU to the E-amino  group  of  lysine in the  same  manner  as 

when  FlTC is used (1 9)  and  lysine  can  be  expected to occur  on  the  surface Of both  Hgg  and 

BSA.  The  studies  using  the  anti-FLU  phage  are  only  preliminary,  but  are  suggestive  that  the 

microenvironment  of  an  epitope  can  effect  antigenicity. 

AlCC  on  polystyrene  should  be  a  primary  concern in the field on  immunodiagnostics. 

First, in terms  of  mAb  screening  procedures,  second in regard to the  selection  of  antigens  used 

in an  adsorbed  form  for  immunodiagnostic  tests  and  third,  because  of  the  considerable  amount 

of functional CAb  that is lost after  adsorption.  The  allotype  data  presented in Figures 6 and 8 

illustrate the first two concerns.  Since >80% of  the  more  than 50 conventionally  prepared 

polyclonal  antibodies3 to bovine  lgG2a  recognize  the  immunodominant A I  allotope 

preferentially  (20,  21)  and  none  have  been  identified  which  recognized  the  A2  allotypic  variant, 

the  anti-bovine  lgG2a  reagents  currently  used in serological  and  immunochemical  tests in 

veterinary  immunodiagnostic  are most likely  biased in favor  of  the  A1  variants.  The  findings 

with  traditional  reagents  also  suggest  that  the  sequence  of  the  A2  variant  (22)  does  not  result in 

an  allotope  or  that  such  an  allotope(s) is cryptic.  However,  A2-specific  mAbs  can be generated 

if hybridoma  supernatants  are  deliberately  screened  against  lgG2a(A2)  adsorbed  on 

polystyrene  at  low  concentration  (Fig. 6). It seems  that  AICC  at  subsaturating  levels is needed 

to increase  the  exposure  of  a  cryptic  A2  allotope. Not surprisingly  then,  we  have  subsequently 

shown  that  the  allotypic  specificity  of  anti-bovine  lgG2a  mAb  depends  on  the  method  used to 

immobilize  the  target  antigen  (23).  This  example  suggests  that  the  method  of  immobilizing  the 

target  antigen  can  be  crucial in assigning  the  specificity  of  mAbs.  Monoclonal  antibodies  for 

use in immunoassays in which  the  target  antigen is not  adsorbed  on  plastic, e.g. FACS 

analysis,  should  be  secondarily  screened  against  the  target  antigen  immobilized  using  a  non- 

adsorptive  method,  e.g.  SA-PS. 

AlCC is important in immunodiagnostics  for  a  second  reason  since it means  that  the 

critical epitOPeS on Some antigens  may  not  be  optimally  presented if the  antigens  are  adsorbed 

on  hydrophobic  polymers like polystyrene  or  silicone.  This  means  that  serological  assays 

designed to measure  the titer of  antibodies to a  particular  tissue  or  microbial  antigen  may  not 

provide  the  best  diagnostic  test if SPI is used  with  the  adsorbed  antigen. 

3Most  of  the >50 reagents  tested  were  raised  by  the  immunization  of  goats,  rabbits,  or  guinea 
pigs  with  lgG2a  emulsified in 
and  screening  on  adsorbed  lgG2a. 
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Finally,  AICC  means  that  the  functional  concentration  of  antibodies  adsorbed on a 

hydrophobic  surface is 1-2 logs  lower  than ihe same  antibody in solution. Not only  does  this 

lower  the  effective  performance  range  of  an  immunoassay  developed  using  adsorbed  CAbs, 

but it also  means  that for concentration-dependent  antibody  mediated  events,  phenomena 

observed in solution  can  not  be  readily  extrapolated  to  events  which  occur  when  adsorbed 

antibodies  are  used. 

Figure 7 presents  yet  another  practical  piece of information  relevant to the field of 

immunodiagnostics. First, it  is necessary to emphasize  that  the  secondary  adsorption 

procedure  illustrated in Figure 3C and  used to generate  the  data  of  Fig. 7 ,  has  been  rigorously 

tested  and we have  proven  that  the IgG secondarily  added  does  not  displace  the  albumin in the 

monolayer (8; Fig.  3C).  This  argues  that  the  IgG  must  be  secondary  adsorbed  onto  the 

albumin  monolayer.  This  being  the  case,  the  data  of  Figure 7 suggest  that if stable  multilayers 

of  an  antigen  could  be  produced  by  adsorption,  the  most  exposed  layer  would  be  most 

antigenic  and  probably  displayed in most  native  conformation.  This  would be consistent  with 

the  multilayer  passivation  theory  of  Matsuda et al. (24) which  holds  that  as  multiple  layers  of 

protein  become  adsorbed to hydrophobic  polymers,  those  exposed  are in their  most  native 

conformation. 

Our  data  indicate  that  the  silicone  elastomer  used  for  the  envelope  of  silicone  breast 

implants  (supplied  by  Dow-Corning)  and in many  internal  prosthesis,  behaves  much like 

polystyrene.  This  observation  raises  some  interesting  immunobiological  questions.  First, it 

indicates  that  at  least  the initial monolayer  of  host  protein  adsorbed to such  prosthesis  has  most 

likely  undergone  some  AICC.  However,  the  much  greater  antigenicity  of  secondary  layers  (Fig. 

7)  suggests  thst  the  degree  of  AICC is less  than  for  proteins  directly  adsorbed on the  polymer. 

This is consistent  with  the  Matsuda  et  al.  hypothesis.  Since  silicone  prostheses vivo  are 

exposed to very  high  protein  concentrations, it is quite  likely  that  the  exposed  protein  layer(s) 

show  minimal  or  no  AICC.  Even if the  immune  system is capable  of  recognizing  an  altered  self 

protein  (see  below)  the  opportunity  of  encountering  them on the  surface  of an implant  would 

appear to be  quite  low. 

Let  us  now  assume  that  antigenically  altered  host  proteins  can  indeed  be  presented to 

the  immune  system,  e.g.  silicone  gel  from  ruptured  implants  may  adsorb  protein  and  then be 

ingested by  APCs  such  as  macrophages.  When  this  occurs,  are  the  peptides  of  altered  host 

proteins  presented  by  the  MHC  different  from  those  of  native  host  proteins  for  which  the  host 

immune  system is believed to be  tolerant?  There  are  several  theories  suggesting  that  the 

peptides  of  denatured  proteins  presented  by  APCs  may  be  different  than  those  presented  for 

native  proteins (25). Furthermore,  some  self-reactive  clones  are  not  deleted,  but  persist  or  are 

inactivated  and  are  capable  of  being  activated  under  appropriate  stimulation (26, 27). It seems 

possible  that  AlCC  of  host  proteins  on  medical  prostheses  could  result in immunological 

complications.  There is a  need to address  the  various  questions  which  our  observations  raise 

in the  context  of  immunological  tolerance to self-proteins. 
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Abstract 
small number o f  bacterial pathogens in the human oral cavity cause the different forms of 

periodontal  disease. Of the approximately two hundred  different oral bacterial  species, 
about a dozen have hcen associated with these  diseases  including localized juvenile 
periodontitis,  rapidly  progressing  periodontitis, and adult periodontitis.  These species 
include  Actinobacillus  actinomvcetemcomilan~,  Bacteroides  forsythus,  Campylohacter 
rectus,  Porphvromonas  pineivalis, and Prevotella  intermedia. Several rapid methods have 
been dcveloped lo detect these species i n  clinical  samplcs.  Thcsc  includc  immunologic 
methods  such as immunofluoresccnce.  nucleic  acid  assays  such DNA-DNA 
hybridization in and enzyme Immunotluorescence  microscopy has  been 
used to determine the prevalence and relative  proportions of these  pathogens in dental 
plaque  samples from 194  subjects  including  HIV-infected  and  uninfected  male 
homosexuals and intravenous drug users. 
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Periodontal  disease is not  a single  entity hut. rather,  a  group of diseases which 

affect the gingiva.  connectivc tissue attachment and alveolar hone. There are, example, 

forms periodontal  disease which affect  only the gingiva  such  as  acute  necrotizing 

Some  types  of  periodontal  disease  occur in particular  age  groups.  Disease in adolescents  is 

known as localized and  generalized  juvenile periodontitis while there are  forms  which affect 

adults  such  as  chronic  adult  periodontitis. 

There  is  general  agreement  that  most  periodontal  diseases  are  caused by bacteria in 

dental  plaque While  previous  concepts  proposed that gross  accumulations  of  dental 

plaque  caused  periodontal  disease - the "non-specific  plaque"  hypothesis,  current  concepts 

propose  that  only  certain  bacterial  species in dental  plaques  cause  severe  forms  of  the 

disease.  This  "specific  plaque"  hypothesis (4) proposes that dental plaques  isolated  from 

periodontitis  lesions  are  qualitatively distinct  from  those isolated from  healthy  sites. 

Therefore,  while  gingival  inflammation  can be caused by dental  plaque,  per  se,  the  loss  of 

connective tissue attachment  and alveolar bone  which  are  the  hallmarks of periodontitis  are 

associated  with  only  a  few oral bacteria.  The  specific  plaque  hypothesis  is  supported by 

numerous  studies  examining  the  composition  of  subgingival  dental  plaque  from  different 

forms of periodontal  disease (4,5.6,7,8,9, 10, 11, 14). 

Periodontopathic  Bacteria 

Which of  the many oral bacteria are  important in causing  periodontitis?  While 

Koch's postulates can delineate the  etiology  of  monoinfections, they are less usefi,d  in mixed 

microbial infections such as periodontal  disease.  Alternate criterkhave been developed  to 

identify specific microorganisms in the  etiology  of human periodontal  disease  including (1 5); 

1) the  presence  of  high  numbers  of  the  microorganism in the lesion compared  to  either  its 

absence its  presence in low  numbers in other  sites; elevated  levels of  serum,  salivary, 

gingival  crevicular  fluid  antibody to the  bacterium; bacterial virulence  factors  which 

can  be  correlated  with  clinical  histopathology; 4) animal  models  demonstrating  tissue 

destruction in the  presence  of  the  microorganism;  and, 5) clinical  improvement  upon 

elimination of microorganism  from  periodontal  lesions. 

Prime  among  the  approximately  dozen bacterial species which have been implicated 

as  periodontal  pathogens is A c t i n o b a c h  actinomvcetemc-. The  association 
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between actinomvcetemcomitans and localized  juvenile  periodontitis is such  that  this 

microorganism  is  considered  etiologic  in  most  cases (1). actinomvcetemcomitans is 

present  in  high  numbers in juvenile  periodontitis  lesions  where  it  can  invade  gingival 

connective  tissue (1 6). By contrast,  healthy  sites in these  same  patients  harbor  little no A 
actinomvcetemcomitans.  Infected  patients  demonstrate  high  levels  of  antibody  against A 

actlnomvcetemcomitans  and  the  bacterium  produces  several  virulence  factors  including  a 

potent  leukotoxin  which  can  destroy host polymorphonuclear  leukocytes.  Patients  improve 

when actinomvcetemcomitans eliminated  and  their  disease  either  progresses  or  does 

not  resolve  when  the  microorganism  persists  in  periodontal  pockets.  There  is  also  some 

animal  model  data  indicating  that actinomvcetemcomitm can  destroy  alveolar  bone. 

Altogether,  there  is  compelling  evidence that actinomvcetemcomitans  can  cause  juvenile 

periodontitis. 

There  is  also  compelling  evidence  that  Porphyomonas  pinyivalis  can  cause  adult 

periodontitis.  High  numbers  of P. ginpivalis  can  frequently be found  in  adult  periodontitis 

lesions  where  it  may  invade  epithelium  (17). P. ginpivalis  exhibits  virulence  factors 

including  fimbrial  adhesins,  LPS,  capsule,  collagenase,  and  trypsin-like  enzymes. 

While actinomvcetemcomitans and P. &nyivaliS are  considered  key  periodontal 

pathogens,  several  other  species  have  been  associated  with  periodontal  disease.  These 

species  include  Bacteroides  forsythus,  Campvlobacter  rectus,  Eubacterium  species,  Eikenella 

Fusobacterium  nucleatuq,  Peptostreotococcus m h y o m  h i V a l i s ,  

Prevotella  intermedia,  Selenomonas  species and certain  oral  spirochetes (1, 1 1, 18, 19, 

20). 

The initial event  in  periodontal  disease  (Figure 1) is  the  transmission  of  periodontal 

pathogens,  usually  from  other  family  members,  to  an  individual’s  oral  cavity  where  these 

microorganisms  colonize  the gingiva. They persist in gingival sites by evading host defense 

mechanisms and produce  virulence  factors  which  cause  alveolar  bone  loss.  Periodontitis  is 

clinically  detectable  at  this point and periodontal treatment can be instituted to both eliminate 

the  pathogenic  bacteria and restore  the periodontium. However, these  infections  often  recur 

due  to incomplete  elimination  during  therapy  or by re-infection. 



58 ZAMBON 

Current  Paradigm  for  the  Pathogenesis of 
Infectious  Periodontal  Diseases 

Transmission of Perlodontai  Pathogens 

Oral / Gingival  Colonization + 
I Evasion  of Host Defenses + 
I 

Production of Tissue  Destructive  Virulence  Factors 

Attachment  and  Alveolar  Bone Loss 

Anti-infective  and  Regenerative  Therapy 

1 

Laboratory  Assays  for  Periodontal  Infections 

Microscopy, particularly darkfield and phase contrast microscopy, has  been used for 

several decades to determine the size, shape and motility ofthe individual bacteria in patient 

plaque  samples "Healthy"  plaques have small  numbers  of  mainly  non-motile  cocci 

and  rods  while  "disease"  plaques have  large  numbers  of  spirochetes,  fusiforms,  filaments, 

and motile  forms.  Clinical  efficacy.can be demonstrated by shifts  from  disease  plaques to 

healthy  plaques.  However neither darkfield nor phase contrast microscopy can  discriminate 

individual bacterial species. Therefore, it falls short as a method for  identifying  periodontal 

pathogens. 

Bacterial  culture  enumerates  the  broadest  spectrum of bacterial species  present in 

patient plaques and is  the method of  choice for antibiotic susceptibility and resistance. This 

method if  enhanced by the availability of  a number of selective media targeted  to  individual 

species,  for  example, TSBV media  favors  the  recovery  of actinomvcetemwmku. 



Although  refined by the use of semi-automated methods  for  distributing  samples  and  better 

identification  methods,  culture is cumbersome,  time  consuming and costly. 

Immunologic  reagents  or  nucleic  acid  probes  can  be  employed in a  variety  of  test 

configurations in the  rapid  diagnosis  of  periodontal  infections  using  species-specific 

polyclonal  antisera  or  a  monoclonal  antibody in the  case  of  immunoassays  (23),  or  whole 

genomic,  cloned,  or  synthetic  oligonucleotides in the case of nucleic acid probes (24,25,26, 

27,  28,  29,  30).  Immunoassays  for  periodontal  pathogens  include  immunofluorescence 

microscopy (31, membrane  immunoassay  (33),  latex  agglutination  assays  (34),  and 

particle  concentration  fluorescence immunoassay (PCFIA) which utilizes  polystyrene  beads 

as a  substrate (35). Synthetic  oligonucleotide  primers  can  also be used in the  polymerase 

chain  reaction  (PCR)  to  detect  as  few  as A.actinomvcetemcomitans  cells in a  patient 

plaque  sample 37). variant PCR  known as the arbitrarily primed polymerase  chain 

reaction  (AP-PCR)  has  been  used  to  trace  the  source  of  periodontal  infections (38, 39). 

Finally,  enzyme  assays  can  be  used  to  detect  periodontal  pathogens  including  assays  for 

collagenase,  peptidases,  trypsin-like  enzymes, neutral proteases, and elastase  which  detect 

one  or  more  of  a  group of periodontal  pathogens (40,41). 

major technical roadblock to the identification additional periodontal pathogens 

has  been  the inability to culture  a  significant proportion of bacteria in dental plaque. Methods 

in  molecular  biology  have  been  developed  to  identify  previously  non-cultivable  bacteria  in 

dental  plaque  samples.  "Universal"  primers  for  prokaryotic 16s DNA  can  be  used in PCR 

to  amplify  the  intervening  nucleic acid sequence  from  uncultivable  plaque bacteria. The 16s 

ribosomal RNA sequences  resulting  from  the  PCR  can  be  analyzed,  and  identified  by 

comparison  to  a  database  of  other 16s RNA sequences. 

Periodontal  pathogens  can  be detected with increasing  prevalence  in  deep  periodontal 

pockets. Wolff et  al. (42) found  that  in  deep  periodontal  pockets  the  odds of finding E 
eingivalis was 3.9, acti- - 3 intermedb - E. c o r r o d a  - 2.7, 

and m - 2.8 . The  prevalence of , P . a n d &  

vcetemcomitm increases  with  pocket  depth  and is elevated in 

suppurating  sites (43). Elevated  subgingival  temperature is associated with m, 
actinomvcetemcomitans, and Egineivalis (44). 
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Assays  for  periodontal  pathogens  are not, themselves,  diagnostic for  periodontal 

disease.  Periodontal  bacterial  pathogens  can  be  present in high  numbers in periodontal 

pockets  without loss of connective  tissue attachment. or alveolar bone. Subgingival  infection 

can  increase  the  risk  for periodontitis. For  example,  subgingival infection with 

and -S increase the relative risk for periodontitis by 1 S9 and 2.45 fold, respectively 

(45). 

Rapid  Detection of Periodontal  Pathogens  in  AIDS  Patients 

example of  the utility rapid methods  for the diagnosis of periodontal infections can 

be seen  in  studies  of  the  periodontal lesions in,subjects infected with Human  Immunodeficiency 

Virus (I-IIV). The  etiology the  periodontal  lesions  associated  with  HIV  infection  remain 

obscure.  These  lesions  include an atypical  gingivitis known as  linear  gingival  erythema 

(formerly called HIV-gingivitis)  and  a particularly rapid and severe form of periodontitis known 

as necrotizing  periodontitis  (formerly  called  HIV-periodontitis),  That  these  lesions are, in fact, 

of  microbial  origin  can be derived  from the  effect  of  antimicrobial  therapy in ameliorating the 

clinical  course.  Linear  gingival  erythema which  is  thought to  represent  a  form of gingival 

candidiasis  responds  to antifungal agents  while  necrotizing  periodontitis  responds  to  antibiotics 

including  metronidazole. 

What do we know about  the bacteria associated with these  diseases?  Two  points  emerge 

from the literature. First,  HIV-infected individuals harbor the same  periodontal  pathogens as are 

found  in non-HIV-infected  individuals  including 

Camwlobacterrectus, Eubacterium species, . .  . 
and B e v o t e l m  . Second, HIV-infected individuals also  harbor  other  microorganisms 

some which are  pathogenic  and  which  are  not  usually  found in HIV-uninfected  individuals. 

For  example,  HIV-infected individuals can have increased levels of J v l v c o D h  salivarium and 

yeast in their  oral cavities. They can  also  have enteric species such as Enterobacter and 

m r o c o c c u s  faecal& as well as clostridia  including Clostrldlum difficile and as yet undefined 

groups  of  clostridia which have been found  exclusivcly i n  in.jccling drug users. 

S .  

To furtllcr  chnractcrizc the  oral nnd pcriodantal baclcrkl i n  AIDS palicnls, WC conductcd 

the  following  study.  Plaque  samples  were  taken  from  the  mesial  surface  of  the  four  permanent 

first  molar  teeth by means  of a sterile  paper  point  then  placed  into 1 m1 of sterile  Ringer's 
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solution with 2%  formalin.  Ten  microliter  aliquots  of  the  dispersed  bacterial  suspension  were 

distributed  onto  glass  slides, heat-fixed and reacted  with working titer concentrations (the highest 

two-fold  serial  dilution  still  giving  4+  fluorescence)  of species-specific rabbit  antisera to 

obaclllus a&nomvcetemcomitw,  &anomyes viscosus, l3swhda intermedia, 

Bacteroides Candida albicans, Eikenella corrodens, Eubacterium saburreum, 

Fusobacterium  nucleatum,  Porphyomonas gingivalis,  Streptococcus mutans, Streptococcus 

-, and m l o b a c t e r  rectus. The bacterial smears were then allowed to react with affinity 

purified goat anti-rabbit IgG conjugated to fluorescein isothiocyanate (FITC  isomer I, fluorescein 

to protein  ratio  of 25 pg/ml, BBL Microbiology Systems,  Cockeysville, MD). The slides  were 

mounted  with  glycerol in PBS (2:l v/v)  and  examined with a  Zeis  standard 14 microscope 

equipped for phase contrast illumination and  for incident light fluorescence.  Fluorescence  was 

graded from to 4+,  with grades 3+  and  4+ considered serologically positive reactions. Between 

and  200  bacterial  cells  were  counted  on  each  sample.  Plaque  smears  were  considered 

positive  for  a microorganism if they exhibit  fluorescent  microorganisms  with  well-defined  cell 

outlines of a  size  and  shape  consistent with the  test  microorganism  and  with  dark or lightly 

fluorescing  centers,  and  which  constitute  more  than 1% of  the  total  cell  count  determined by 

phase  contrast microscopy. Positive controls included bacterial smears  of  pure cultures  stained 

with  the  respective  species-specific  antisera  and  fluorescein-conjugated  antisera. 

Tables 1 and  2  show  the  results  of immunofluorescence analysis of dental  plaque  samples 

from  64 HIV-infected and 45 HIV-uninfected  homosexual  men  and  from  49 H1V-infecte.d and 

36 HIV-uninfected intravenous  drug  users.  In  the  HIV-infected  homosexual  men, viscosus 

was  the  most  prevalcnt thc target species being found i n  these  subjccts and it also 

constituted  the  highest  mean  proportion ofthe bacteria  at 2.44%. was  the  next  most 

prevalent  of  the target species,  97%, followed by P. intermedia,  95%, Capnocytophw species, 

88%, C. r e a  and S. mutans  at  73%, and  B.  forsythus, 72%. S. S& comprised  the  next 

highest  mean proportion, 1.1 l%, followed by P. intermedia,  0.72%, S. mutans, 0.59%, 

CaDnocvtoDhaea species,  0.44%,  and B. f o r s y t h ,  0.33%. 

In the HIV-uninfected homosexual  men, viscosus  was  again the most  prevalent  of  the 

target species, loo%, followed by P. interme& 98%, S. sanguis, 96%, C a p n o c y t o p b  species, 

93%,  C.  rectus, 84%, S. mutans, 84%, and B. fors- 78%. viscosus  also  comprised  the 
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HIV-Infected  Homosexual  Men (N=64) 

Target  Species Positive  Subjects 
actinomycetemcomitans 3 9  0.06 0.00 - 0.64 

Mean I 

viscosus 100  2.44  0.49 - 7.34 
B. forsythus 7 2  0.33 0.00 - 1.78 
P. gingivaiis 6 7  0.40 0.00 - 2.14 

Capnocytophaga  species 8 8  0.44 0.00 - 1.78 
P. intermedia 9 5  0.72 0.00 - 3.37 

E. corrodens 4 8  0.1 0 0.00 - 1.28 
E. saburreum 3 0  0.14 0.00 - 0.55 

S. mutans 7 3  0.59 0.00 - 4.04 
F. nucleaturn 4 1  0.12 0.00 - 1.60 

rectus 7 3  0.22 0.00 - 2.17 
sanguis 9 7  1 . 1  1 0.00 - 6.87 

Percent Level of Infection (%) 

HIV  Uninfected  Homosexual  Men (N=45) 

Target  Species Positive Subjects 1 . I 
actlnomycetemcomitans 4 4  0.06 0.00 - 0.64 
viscosus 100  2.03  0.42 ' - 5.02 

B. forsythus 7 8  0.49 0.00 - 2.37 
P. glnglvalis 6 2  0.39 0.00 - 2.47 
P. intermedia 9 8  1 .oo 0.00 - 6.68 
Capnocytophaga  species 9 3  0.49 0.00 - 1.87 

corrodens 5 6  0.1 4 0.00 - 1.64 
E. saburreurn 6 7  0.14 0.00 - 0.49 
F. nucieatum 5 1  0.17 0.00 - 1.02 
S. mutans 84  0 .33 0.00 - 3.31 

sanguis 9 6  0.91 0.00 - 3.14 
C. rectus 8 4  0.29 0.00 - 1.35 

Percent Level Infection (%) 

highest  mean  proportion of the total bacterial cell count,  2.03%,  followed by m, l%, 

and 0.91%. 

In  the  HIV-infected intravenoF drug users, both viscQslds and m were found 

in all of  these  subjects.  Next  most  prevalent  were 94%, U, 92%, 

mutans, 92%,  species,  84%, rectu. 82%. and P . e i n e i v a l i s ,  80%. A, 
viscosu constituted the highest mean proportion the bacteria these samples, I .88, followed 

by P.intermedia, B . ,  and 0.76%. 

In  the HIV-uninfected  intravenous  drug users, viscosys was found in highest  prevalence 

at 100% followed by P. i n t d  at  97%,  and ,S. mu- both at 94%, E. 
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!I 
HIV infected IV  Drug  Users (N=49) 

Percent Level of infection (Yo) 
Target  Species 

actinomycetemcomitans 3 9  0.07 0.00 - 1.00 
Mean I Positive  Subjects 

E. saburreum  94 0.26 0.00 - 0.95 
corrodens  65 0.10 0.00 - 1.31 

Capnocytophaga  species 8 4  0.26 0.00 - 1.12 
P. intermedia  100  1.70  0.36 , - 5.99 
P. gingival is  80 0.76 0.00 - 5.34 
B. forsythus  94  1.03 0.00 - 2.44 

vlscosus  100  1.88  ,0.14 - 4.14 

C. rectus  82  0.40 0.00 - 1.89 
S. sanguis  92 0.77 0.00 - 4.02 
S. mutans  90  0.65 0.00 - 3.14 
F. nucleatum  63  0.32 0.00 - 2.56 

HIV Uninfected IV Drug  Users (N=36) 
Percent 

corrodens  44 0.1 0 0.00 - 1.06 
Capnocytophaga  species 7 2  0.15 0.00. - 0.67 
P. intermedia  97  1.29 0.00 - 4.82 
P. gingivai is  83 0.87 0.00 - 6.76 
B. forsythus 9 4  1.08 0.00 - 2.62 

viscosus  100  1.61  0.45 - 5.38 
actinomycetemcomitans  47 0.1 2 0.00 - 1.58 

Mean I Positive  Subjects Target  Species 
Level Infection (%) 

C. rectus  78 0.28 0.00 - 2.64 
S. sanguis 8 9  0.46 0.00 - 1.73 

mutans  94  0.74 0.00 - 4.85 
nucieatum  44  0.1  2 0.00 - 1.03 

E. saburreum  86  0.19 0.00 - 1.08 

at 86%, and P. eingkdis at 83%. viscosus  constituted  the  highest mean 

proportion of thc bnctcria in Ihcsc samples. rollnwcd by P . ,  B, 

forsythus, 1.08%. and P. einpivalis, 0.87%. 

Summary 
Rapid microhiol~gical  assays have spurred thc application of the infectious  disease 

paradigm to diagnosis  and  treatment periodontal disease. Continued in the area of 
pcriodontal ~ni~rohiology and i n  the 1ahor~to1-y diagnosis ol' periodontal infections will further 

our undersvanding ol' thc complex  microbial ecology which  exisls  suhgingivally,  and  help 

dclinc the hosl-purasi~c inlcractions associatcd with activc p~iodontal discilse. 
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ABSTRACT 

The  introduction  in 1990 of a  new  biosensor  technology  based  on  surface 
plasmon  resonance  has  greatly  simplified  the  measurement  of  binding 
interactions  in  biology.  This  new  technology  known  as  biomolecular  interaction 
analysis  makes  it  possible  to  visualize  the  binding  process  as  a  function of time  by 
following  the  increase  in  refractive  index  that  occurs  when  one of the  interacting 
partners  binds  to  its  ligand  immobilized  on  the  surface of a  sensor  chip.  None of 
the  reactants  needs  to  be  labelled,  which  avoids  the  artefactual  changes  in  binding 
properties  that  often  result  when  the  molecules  are  labelled.  Biosensor 
instruments  are  well-suited  for  the  rapid  mapping of viral  epitopes  and  for 
identifying  which  combinations of capturing  and  detector  Mabs  will  give  the  best 
results  in  sandwich  assays.  Biosensor  binding  data  are  also  useful  for  selecting 
peptides  to  be  used  in  diagnostic  solid-phase  immunoassays.  Very  small  changes 
in  binding  affinity  can  be  measured  with  considerable  precision  which  is  a 
prerequisite  for  analyzing  the  functional effect and  thermodynamic  implications 
of limited  structural  changes  in  interacting  molecules.  On-rate  (ka)  and  off-rate 
(kd)  kinetic  constants of the  interaction  between  virus  and  antibody  can  be  readily 
measured  and  the  equilibrium  affinity  constant K can  be  calculated  from  the  ratio 
ka/kd = K. 

INTRODUCTION 

The  introduction  in 1990 of a  new  biosensor  technology  based  on  surface 
plasmon  resonance  (SPR)  has  greatly  simplified  the  measurement of binding 

interactions  in  biology.  This  new  technology  known  as  biomolecular  interaction 

analysis (BIA) makes  it  possible  to  visualize  the  binding  process  as  a  function of 
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time  by  following  the  increase  in  refractive  index  that  occurs  when  one of the 

interacting  partners  binds  to  its  ligand  immobilized  on  the  surface of a  sensor 

chip.  None of the  reactants  needs  to  be  labelled,  which  avoids  the  artefactual 

changes  in  binding  properties  that  often  result  when  the  molecules  are  labelled. 

Several  reviews  describing  this  new  technology  are  available and  special 
issues of journals  have  been  devoted  to  the  many  applications biosensors  in 

biochemistry  and  immunology (4, 5).  In  this  review,  we  will  describe  how  this 

technology  can  be  used  for  studying  viral  antigens  and  for  developing  probes 

intended  for  viral  diagnosis, 

The  first  commercialized  biosensor  instrument  based  on SPR technology  was  the 

BIAcoreW  developed  by  Pharmacia  Biosensor  (Uppsala,  Sweden).  An  upgraded 

version,  the  BIAcore 2000, was  released  in 1995 and  a  simpler,  less  automated 

version of the  instrument,  the  BIAcore X, became  available  in  1996.  Another 

instrument  based  on a resonant  mirror  system  (6)  and  called  IAsys  is 

commercialized  by  Affinity  Sensors  (previously  Fisons  Applied  Sensor 

Technology,  Cambridge, U.K.). A  comparison  between  some of the  available 

systems  has  been  published (7). 

Compared  to  other  immunoassay  systems,  biosensor  instruments  have  the 

following  advantages: 

1) The  immobilized  ligand  is  covalently  bound  to  a  hydrophilic  dextran  matrix 

present  on  the  sensor  chip  which  tends  to  preserve  the  conformation of the 

molecule.  In  contrast,  in  classical  solid-phase  immunoassays,  the  ligand  is 
immobilized  by  adsorption  to  plastic  and  this  usually  induces  at  least  partial 
denaturation proteins  and  a  concomitant  alteration of epitopes (8). 

2) Since  none of the  reactants  needs  to  be  labelled,  the  alterations  in  biological 

activity  that  often  result  from  the  conjugation  process  are  avoided. 

Every  step  in  a  multiple-layer  assay  can  be  directly  visualized  and  it  is 

immediately  apparent if one of the  components of the  system  is  defective.  In 

contrast,  in  assays  that  use  labelled  antibodies,  only  the  last  step  is  detectable  and 

no  direct  information  is  provided  on  the  course of earlier  binding  steps  in  the 

reaction  sequence. If the  end  result  is  unsatisfactory,  each  component  of  an 

ELISA system  must  be  analyzed  separately  to  discover  which  one  is  at  fault. 

When  the  BIAcore  is  used,  it  will  be  immediately  apparent  which  combinations 

of monoclonal  antibodies  (Mabs)  are  suitable  for  a  diagnostic  assay. 

4) Interactions  are  measured  in  real  time,  which  allows  kinetic  rate  constants  and 

equilibrium  affinity  constants  to  be  calculated  (9-1 1). Knowledge of the  affinity of 

viral  antibodies  is  important  for  the  proper  design of immunoassays  and  for 
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understanding  the  molecular  basis of viral  epitope  recognition  and  infectivity 
neutralization  by  antibodies (12, 13). 

MAPPING  OF  ANTIGENIC SITES AND SELECTION OF ANTIBODY PROBES 

For double  antibody  sandwich ELISA, it is necessary  to  select  pairs of Mabs  that 

are  able  to  bind  concurrently  to  the  same  antigen  molecule  because  the  epitopes 

they  recognize  are  sufficiently  distant  on  the  surface of the  antigen.  Biosensor 

instruments  are  particularly  well-suited  for  the  rapid  mapping of viral  epitopes 

and  for  identifying  which  combinations of capturing  and  detector  Mabs  will  give 

the  best  results  in  sandwich  assays (14, 15). 

In  the  present  context,  epitope  mapping  is  the  study of the  relative  position of 

epitopes  on  the  surface of an  antigen.  This  is  usually  done  by  competitive 

binding  assays  with  pairs of Mabs.  In  such  assays,  two  epitopes  will  be  recognized 

as  different  only if they  are  far  enough  apart  to  allow  simultaneous  binding of the 

two  Mabs.  In  .many  cases,  however,  Mabs  directed  against  distinct  but 

neighboring  epitopes  will  be  prevented  from  binding  simultaneously to  the 

antigen  surface  because of steric  hindrance.  The  ability of pairs of Mabs  to  bind 

concurrently  to  the  antigen  can  be  measured  by ELISA, but  this  requires  labelling 

one of the  two  Mabs,  for  instance  with  biotin  or  with  an  enzyme.  Competitive 
topographic  mapping  can  be  done  much  more  conveniently  with  the BIAcore. 

A two-site  binding  assay  cycle  with BIAcore consists of the  following  injection 

sequence: (1) undiluted  hybridoma  supernatant,  containing  the  first  Mab is 
injected  over  a  rabbit  antimouse IgG surface; (2) a  nonspecific  Mab  at  a  high 

concentration  to  block  any  remaining  free  surface-binding  sites; the  antigen; 

(4) the  second  Mab  in  undiluted  hybridoma  supernatant;  and (5) regeneration of 

the  sensor  surface.  After  conditioning  the  surface  with  running  buffer, it is  ready 

for  the  next cycle. Typically,  volumes of 5-10 p1 are  injected  at  a  flow  rate of 5 
pl/min.  The  concentration of molecules  binding  to  the  sensor  chip  surface 

(expressed  in  resonance  units  or RU) is monitored  continuously  over  time  and 
registered  as  a  sensorgram.  The Y-axis of the  sensorgram denoted  as  the RU 

signal  whereas  the  time  (in  sec)  is  represented  on  the X-axis. Fig. 1 shows  two 

sensorgrams of two-site  binding  assays  performed  after  direct  immobilization of a 

first  capture  Mab.  The  selectivity of the  rabbit  antimouse  globulin  surface 

eliminates  the  need  for  purification of the  Mabs,  and  provides  constant 

experimental  conditions,  since  a  new  sample of the  first  Mab  is  used  in  each cycle. 
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FIGURE 1 

Sensorgrams  corresponding  to  two-site  binding  assays. (A) The RU level  at 
position a corresponds  to  the  amount of capture  Mab (47P) covalently 
immobilized  on  the  sensor  chip.  Phase a to b corresponds  to  the  binding of 949 
RU  of TMVP. Phase b to c corresponds  to  the  injection Mab2 (151P). The 
positive  response (1637 RU) indicates  that  Mab 151P does  not  overlap  the  epitope 
occupied  by  Mab 47P. Phase c and d corresponds  to  the  injection of p1  of HC1 

mM  for  the  regeneration of the  Mabl-immobilized  surface  by  dissociation 
noncovalently  bound  molecules. (B) The RU level  at  position a corresponds  to 
the  amount of captured  Mabl (47P) remaining  linked  to  the  matrix  after  the 
regeneration  phase  described  above.  Phase a to b corresponds  to  the  binding of 
892 RU  of TMVP. Phase b to c corresponds  to  the  injection of Mab2 (16P). The 
negative  response (-104 RU) indicates  that Mab 16P  overlaps  the  epitope  occupied 
by  Mab 47P. Phase c to d corresponds  to  the  regeneration  phase. A flow rate of 5 
pl/min  was  used  during  phases a to d (from  Sauna1  and  Van  Regenmortel, 1995 

with permission). 
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Usually,  antibodies  can  be  captured  and  removed for about 100 assay  cycles  before 

the  surface  is  consumed. 

If a  panei of 30 different  Mabs  is  available,  testing all combinations  will  involve 

900 experiments.  Changing  the  order of the  formation of the  complex  can  give 

rise  to  negative  and  positive  binding  for  the  same  antibody  pair.  Therefore,  a 

negative  result  should  always  be  tested  in  the  reversed  order  to  verify  the 

negative  response (16). Proper  evaluation of asymmetric  interactions  can  be  a 

source of valuable  information (17). First,  possible  contributions  of  poor 
experimental  design  must  be  eliminated.  For  example, if one of a  pair  of 

noninterfering  antibodies  binds  the  antigen  with  low  affinity  or  is  added  to  the 

experiment  at  too  low  a  concentration,  the  illusion of asymmetry  can  be  created. 

Other  causes  are  potentially  more  informative.  Any  type of heterqgeneity  among 

the  antigen  molecules  can  cause  asymmetry if one of a  noninterfering  pair of 

antibodies  is  sensitive  to  that  heterogeneity  and  the  other  is  not.  Heterogeneity 

may  be  caused  by  post-translational  modifications,  the  formation of small 

aggregates,  or  the  presence of conformational  subpopulations. 

During  two-site  binding  assays,  continuous  dissociation  and  reassociation of one 
or  more  of  the  binding  partners  occurs.  When  the kd of Mabl is  about  lo-3s-1, 

approximately half of the  trapped  antigen  will  become  dissociated  during  the 10 

min of Mab2  injection.  On  the  dissociated  antigen  molecule,  the  part of the 

surface  previously  occupied  by  Mabl  may  then  bind  to  Mab2  and  this  will  prevent 

reassociation of the  antigen  to  Mabl.  This  results  in  a  lower RU response.  In  view 

of the  dynamic  competition  between  different  Mabs  that  can  be  observed  with  the 

BIAcore, this  type of epitope  mapping  has  been  termed  kinetic  mapping.  The 
reversible  nature of antigen-antibody  interactions  can  be  visualized if the  kd of 
the  immobilized  first  antibody  lies  in  the  region  10-2  to If the  kd  value  of 

Mabl larger  than 10-2 S-l, no  meaningful  data  can  be  obtained  since  practically 

all  antigen  molecules  will  dissociate  during  the  time  frame  of  the  experiment. 

A  necessary  control  in  two-site  binding  assays  with  a  monomeric  protein  consists 

in  using  the  same  antibody  as  both  first  and  second  antibody  in  order  to  check 

that  no  oligomers  are  trapped  by  the  Mabl. A negative RU response  indicates 

that  the  antigen  actually  dissociated  from  the  capture  Mab.  After  dissociating 
from  the  immobilized  antibody,  the  antigen  molecules  are  able  to  bind  to  the 

same  free  antibody  introduced  in  the  flow cell as  Mab2  and  this  prevents  antigen- 

Mab2  complexes  from  reassociating  to  the  immobilized  antibody. 
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A  recent  study of the  epitopes of tobacco  mosaic  virus  (TMV)  protein 

demonstrates  how  mapping  can  be  done  in  the  case of viral  antigens  (18, 19). 

Antibodies  elicited  against TMV or  dissociated TMV protein  (TMVP)  have  been 

classified  according  to  their  ability  to  react  with  three  different  types of epitopes 

known  as  cryptotopes,  neotopes  and  metatopes  (20).  Cryptotopes  are  epitopes  that 

are  buried  inside  the  assembled  virus  particle  and  become  accessible  to  antibodies 

only  after  dissociation of the  virion.  Neotopes  are  specific  for  the  quaternary 

structure of the  virion  and  are  thus  not  present  at  the  surface of monomeric 

subunits.  Metatopes  are  present  in  both  disssociated  and  polymerized  forms of 

the  viral  protein.  It  has  been  possible  to  locate  some  cryptotopes  in  the TMVP 

molecule  because  the  corresponding  anticryptotope  antibodies  reacted  with 

natural  or  synthetic  fragments of the  protein.  This  type of epitope  mapping  was 

not  successful  in  the  case of neotopes  and  metatopes  because  none of the 

corresponding  antibodies  reacted  with  any  linear  fragments of TMVP.  Some 

information  on  the  location of a  limited  number of neotopes  and  metatopes  on 

TMV particles  was  previously  obtained  by  immunoelectron  microscopy.  All 

examined  antimetatope  Mabs  were  found  to  react  with  the  virion  extremity 

containing  the 5' end of the  RNA  whereas  the  antineotope  Mabs  reacted  along 

the  entire  length of the  virus  particle (21). 

Using  the  BIAcore,  double  antibody  capture  assays  with  viral  subunits  and 

binding  stoichiometry  calculations  with  virus  particles  made  it  possible  to 

demonstrate  the  presence of neotope  and  metatope  specificities  on  parts of the 

viral  surface  where  they  had  not  been  found  before  by  electron  microscopy. 

When  the  stoichiometry of antibody  binding  to  virus  particles  was  approximately 

10, it  was  concluded  that  the  antibody  interacted  with  one of the  rod  extremities. 

A  stoichiometry of about 300 indicated  that  the  antibody  interacted  with  the 

entire  length of the  virus  particle  (18).  Some  metatopes  were  found  to  be  located 

on  the  external  surface A of the  subunit  (see Fig. 2 )  whereas  some  neotopes  were 

identified  at  the  extremity of the  viral  rod,  i.e.  on  the  polymerized  surface of 

the  subunit.  The  biosensor  analysis  thus  made  it  possible  to  distinguish  two 

types of antimetatope  Mabs  reacting  with  surfaces A and of the  subunit 

respectively,  as  well  as  two  types of antineotope  Mabs  reacting  with  surfaces A' 
and of the  virion (Fig. 2). The advantages of biosensor  technology  for  analysing 

viral  epitopes  have  been  discussed  elsewhere (1  3). In  particular,  the BIAcore 

makes  it  possible  to  demonstrate  changes  in  the  antigenic  reactivity of viral 

subunits  induced  by  the  binding of a  first  Mab (21). When  certain  Mabs  directed 

to TMV metatopes  were  immobilized  on  the  sensor  chip  and  allowed  to  capture 

dissociated  viral  subunits,  a  .neotope  conformation  was  induced  in  the  protein  as 

revealed  by  the  subsequent  binding of antineotope  antibodies (22). 
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FIGURE 2 

Schematic  model of  TMV protein  subunits  in  monomeric  form  and  in  the  virus 
particle,  with  an  indication of which  protein  surface is recognized  by  each of 23 
Mabs.  The  allocation  was  done  on  the  basis of BIAcore mapping  results  (from 
Sauna1 and  Van  Regenmortel, 1995  (19), with  permission). 

A three  dimensional  drawing  representing  surfaces  A  and E of TMVP  is 

presented  in  Fig.  3A.  The  results of two-site  binding  assays  combined  with 

previously  obtained  information  regarding  which  surface, A or E, was  recognized 

by  each  Mab (18), were  used  to  establish  the  relative  position the  epitopes  on 

the  map (Fig. 3B). The  combining  sites of the  antibodies  were  assumed  to  cover  a 
minimum  surface of 600 (23) in  a  circular  footprint. 

Pairwise  interaction  data  give  information  only  on  the  relative  positions of 

epitopes  since  it i s  difficult  to  determine  the  orientation  and  the  distances 

separating  two  nonoverlapping  epitopes. As a  result  epitope  maps  are  usually 

interpreted  as  functional  "surface-like''  maps (15, 17, 25). In  the TMV system, 

several  factors  made it possible  to  construct  a  schematic  map  depicting  the  actual 



74 VAN REGENMORTEL  ET AL. 

FIGURE 

(A) Schematic  model of surfaces and E of TMVP. Dimensions  were  calculated 
from  data  described  by  Namba  and  Stubbs (48). (The  virus  particle  is 300 nm  long, 
18 nm  in  diameter  with  a  central  hole of 0.4 nm  and  possesses 2130 identical 
protein  subunits  that  form  a  helix of pitch nm  with  16 subunits  in  every 
turn.) (B) Schematic  epitope  map  constructed  from  pairwise  interaction  data. 
Each  antibody  combining  site  was  assumed to cover  about 600 A2 in  a  circular 
footprint  (from  Sauna1  and  Van  Regenmortel, 1995 (19), with  permission). 

physical  location of the  epitopes  on  the  antigen  surface.  Use  was  made  of  the 

known  specificity  for  surface A or E of each  Mab.  The  small  size of the  protein 

together  with  the  observation  that  one  Mab  specific  for  surface A (29V) interfered 

with  two  Mabs  specific  for  surface E (16P and 47P) allowed  the  unambiguous 

positioning Mabs  on  the TMVP surface. 

The  epitope  map  shown  in Fig. 3B was  useful  for  understanding  the  mechanism 

of infectivity  neutralization  observed  with  some of the  anti-TMV'  Mabs. 

Previous  studies  have  shown  that  some  Mabs  reacting  with  surface E of the  viral 

subunit  were  able  to  block  the  disassembly of TMV by  ribosomes  whereas  others 

were  devoid of such  inhibitory  capacity (26). No  correlation  could  be  established 
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between  the  binding  kinetics of the  Mabs  and  their  inhibitory  capacity.  However, 

the  inhibitory  Mabs (25P,  151P, 181P,  188P) were  found  to  bind  to  the  region 

of surface E closest  to  the  central  axis of the  virus  which  is  known  to  interact  with 

the  viral  RNA.  These  data  indicate  that  inhibitory  Mabs  act  by  sterically 

preventing  the  interaction  between  virus  particles  and  ribosomes  (19). 

ANALYSIS OF VIRAL SYNTHETIC PEPTIDES 

Several  laboratories  have  used  the  biosensor  technology  in  an  attempt  to 

optimize  peptide  probes  used  in  viral  diagnosis.  The  use of synthetic  peptides 

corresponding  to  single  epitopes  increases  the  specificity  of  a  diagnostic  assay  in 
the  same  way  that  Mabs  do  compared to  polyclonal  antiserum.  In  the  case of 

human  immunodeficiency  virus  (HIV),  various  linear  and  cyclic  peptides 

corresponding to immunodominant  epitopes of the  gp 120 and  gp 41 proteins 

have  been  studied  using  the  peptides  either  as  immobilized  peptides,  as  free 

inhibitor  peptides  or  as  conjugated  peptides.  This  type of study  made  it  possible 

to  quantitate  antibody  to  specific  epitopes  in  the  serum of HIV-1  positive 

individuals  enrolled  in  HIV-specific  vaccine  therapy  trials  (27). 

In  one  particular  study,  monoclonal  antibodies  and  rabbit  polyclonal  antibodies 

were  elicited  against  a  cyclic  peptide  representing  a  chimeric  sequence of a 

consensus V3 loop of HIV-1 gp 120 (28, 29). When  tested  by ELISA and  with  the 
BIAcore, the  antibodies  cross-reacted  extensively  with  the V3 regions of different 

.HIV-l  strains  and  recognized  the cyclic form of the  homologous  peptide  better 

than  its  linear  form. V3 peptides of different HIV-1 types  were  used  to  inhibit  the 
binding of antibodies  to  the  chimeric  immobilized  peptide (Fig. 4). In  this  way, 

peptide  residues  critical  for  antibody  recognition  could  be  identified.  The 

chimeric  peptide  was  also a good  antigenic  probe  for  detecting  antibodies  in  the 

sera of patients  infected  with  various HIV-1 strains  (28). The ELISA titers of Mabs 

with  respect  to  various HIV peptides  correlated  very  well  with  the  amount of 

competitor  peptide  needed to  inhibit 50% of  the  binding  of  the  Mab  to  the 

immobilized  antigen  present  on  the  sensor  chip.  BIAcore  binding  data  are 

therefore  useful  for  selecting  peptides  to  be  used  in  diagnostic  solid-phase 

immunoassays  (30). 

Recently,  retro-inverso  peptides  which  contain  NH-CO  peptide  bonds  instead of 

CO-NH  bonds  have  been  shown  to  be  useful  for  mimicking  viral  epitopes  (3 1-33). 

The  binding  properties of such  peptidomimetics  can  be  easily  quantified  with 

BIAcore. A retro-inverso  peptide of the  immunodominant  loop 141-159 of the 
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FIGURE 4 

Capacity of increasing  amounts of V3 peptides of different HIV-1 strains  to  inhibit 
the  binding of a specific  Mab  to a  chimeric V3 cyclic peptide  immobilized  on  the 
sensor  chip  (from Richalet-Sr5cordel et al., 1994 (29), with  permission). 

VP1 protein of foot-and-mouth  disease  virus,  when  used as immunogen, 

produced  higher  serum  antibody  titers  which  appeared  earlier  after  the  start of 

immunization  and  lasted  longer  than  those  obtained  with  L-peptides.  Analysis 

with  the BIAcore showed  that  antibodies  to  retro-inverso  peptides  cross-reacted 
strongly  with  L-peptides  and  with  virus  particles,  while  antisera  to VP1 protein 

and  to  virions  also  cross-reacted  strongly  with  the  retro-inverso  peptides.  In 

view of their  increased  resistance  to  proteolysis  and  high  level of antigenic 

mimicry  with  viral  epitopes,  retro-inverso  peptidomimetics  should  have . 
considerable  potential  in  viral  immunology (33). 

A  commonly  used  method  for  localizing  epitopes  in  a  viral  protein  consists of 

identifying  which  peptide  fragments the  protein  are  able  to  cross-react  with 

antibodies  elicited  against  the  intact  molecule.  Any  peptide of 10-15 residues  that 

is able  to  bind to the  antibodies is said  to  contain  a  continuous  epitope.  However, 

every  residue  in  such  a  peptide  is  not  a  contact  residue  contributing  to  the 
binding  energy of interaction.  This  can  be  demonstrated  by  comparing  the 

binding of the  wild  type  peptide  with  that of peptides  presenting  single  residue 

modifications.  Such  comparisons  are  easily  made  with  the  BIAcore  by 
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measuring  the  rate  constants  characterizing  the  interaction of the  antibody  with 

the  wild  type  and  mutant  peptides.  When  epitopes of TMV protein  located  in 

peptides 125-136 and 134-146 were  analyzed  in  this  way,  it  was  found  that  only  a 

few of the  residues  in  these  peptides  contributed  to  the  energy of interaction 

35). In  most  cases,  the  substitution  in  the  mutated  peptide  affected  the 

dissociation  rate  constant.  This  is  illustrated  in Fig. 5 which  shows  the  on  and 

off rates of a  recombinant Fab fragment  interacting  with  various  immobilized 

peptides  presenting  single  substitutions  in  the  epitope  region 134-146 of TMV 

protein  (36).  Very  small  changes  in  binding  affinity  can  be  measured  with 

considerable  precision,  which  is  a  prerequisite for analyzing  the  functional effect 

and  thermodynamic  implications of limited  structural  changes  in  interacting 
molecules. 

The BIAcore  is also  useful  for  comparing  the  affinity of an  antipeptide  antibody 

for  the  free  peptide  and  for  the  parent  protein.  This  information is important 

since  the  usual  purpose of raising  antibodies  to  synthetic  peptides,is  to  obtain 

reagents  that  will  cross-react  strongly  with  the  cognate  protein  and  which  could 

therefore  be  used  as  diagnostic  reagents  or  potential  synthetic  vaccines (37). The 
similarity  in  kinetic  binding  constants  observed  when  a  cross-reactive  antibody 
binds  to  the  peptide  and  the  protein  is  the  best  testimony  that  the  peptide 

achieves  a  high  degree conformational  mimicry  with  the  cognate  protein. 

ANALYSIS OF VIRUS-ANTIBODY INTERACTIONS 

The  presence of large  numbers of identical  subunits  at  the  surface of virus 
particles  favors  bivalent  antibody  binding. It is important  to  assess  whether 

monovalent  or  bivalent  binding  occurs  in  any  particular  assay  since  the 

calculated  affinity  (better  called  avidity)  may  be  100-fold  higher  in  the  case of 

bivalent  binding (38). This  problem is most  effectively  overcome  by  using Fab 

fragments  instead of intact  antibody  molecules  in  the  binding  studies. 

The  need  to  develop  an  optimal  immobilization  strategy  for  each  virus  under 
study  can  be  obviated  by  capturing  the  virus by a first  layer of immobilized 

antibody  (39). Each virus  particle  will be captured  by  several  antibody  molecules 

and  the  binding  is  likely  to  be  strong  enough to withstand  the  dissociation  and 
regeneration  steps.  The  same  virus  surface  could  then  be  used  repeatedly  to 

analyze  the  binding  properties of a  series of Mabs  used  as  second  antibody. 
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FIGURE 5 

On-rates  (ka)  and off-rates (kd) of a  recombinant Fab (Mab 174P)  reacting with 
immobilized  wild  type (WT) and  mutant  peptides  corresponding  to  the  region 
134-151 of TMVP (from  Chatellier  et  al., 1996 with  permission). 
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Knowledge  of  the  affinity of viral  antibodies  is  important  for  understanding  the 

molecular  basis  of  viral  epitope  recognition  and of virus  neutralization  by 

antibodies (40). Methods  used  for  determining  the  equilibrium  affinity  constant 

of viral  antibodies  have  been  reviewed  recently (41). Virus-antibody  binding  data 

can  be  obtained  by  separating  free  antibody  from  virus-antibody  complexes  by 

ultracentrifugation  and  quantitating  the  free  antibody  by  enzyme  immunoassay 
(42). However,  the  binding  constants of viral  antibodies  can  be  obtained  much 

more  easily  by  using  the  biosensor  technology.  On-rate  (ka)  and  off-rate  (kd) 

kinetic  constants of the  interaction  between  virus  and  antibody  can  be  readily 

measured (10) and  the  equilibrium  affinity  constant K can  be  calculated  from  the 
ratio  ka/kd = K. 

The  molecular  basis of virus  neutralization  by  antibodies  is  still  poorly 

understood (43). Several  authors  have  tried  to  establish  a  relationship  between 

the  affinity  and  neutralization  capacity of Mabs  specific  for  viral  antigens.  In 

some  cases, it was  found  that  antibodies  neutralized  viral  infectivity  in 

proportion  to  their  affinity (44,  45) while  in  others  no  such  relationship  was 

found (46). Zolla-Pazner  et  al. (47) showed  that  there  was  a  relationship  between 

the  affinity of human  Mabs  directed  to  the V3 loop of HIV-1 and  their  capacity  to 

neutralize  the  virus.  VanCott  et  al. (12) using  the BIAcore showed  that  this 

relationship  was  due  to  corresponding  changes  in  the  dissociation  rate  constant 

rather  than  in  the  association  rate  constant of the  antibodies.  Since  the  kinetic 
profiles  obtained  with  synthetic  peptides  and  with  purified  recombinant  gp 120 
protein  were  similar,  it  was  easier  to  screen  many  diverse  isolates  with  peptides 

than  with  recombinant  proteins. 
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IDENTIFICATION  AND  FUNCTION OF HOST  DEFENSE  CELLS 
BY  FLOW  CYTOMETRY 

Carleton C. Stcwart,  Ph.D..  Dircctor 
Laboratory of Flow  Cytometry 
Roswcll  Park  Cancer  lnstitutc 

Buffalo,  Ncw York 

METHODOLOGY 

Cytometry  is  the  modem  day  term  to  describe  instruments  that  are  used to identify  cells.  The 
light  microscope  is  a  cytometer  and  when i t  is  equipped  with  advanced  optics,  video  camera  and 
associated  computers i t  is  called  an image  cytometer. When cells  are  dispersed  into  a 
suspension  which  can flow in  a moving  stream  for  electronic  interrogation,  the  instrument  is 
called  a flow cytometer. Whether a  simple  instrument  that  merely  counts  cells,  such  as  an 
electronic  (Coulter)  particle  counter or a more sophisticated  laser-based  instrument that also 
measures  cellular  fluorescence  and  can  sort  cells.  often  called  a  fluoresccnt  activated  cell  sorter 
(FACS), a  flow  cytometer  provides  rapid  high  speed  analysis of cells.  Figure 1 shows a 
schematic  representation of a flow  cytometer.  There  are  two  kinds flow  cells. both  types, 
the  cell  stream  merges  with a  sheath  fluid  at  higher  pressure  which  constricts  the  cell  stream  into 
a  laminar  flow. In the  first  type,  known as stream in air.  the  cell  stream  and  sheath  fluid  exit  an 
orifice  that  is  usually 70p in diameter  whereupon i t  intersects  with  the  center of a  laser  beam. 
the  second  type  of flow cell  the  interrogation  point  is  inside  the flow chamber  itself.  The  latter 
t y p  has the  advantage of providing  better  resolution  because  there  is refractive  index  change 
at the  interrogation point. Because  of its  greater  mass,  droplet  generation  for  sorting  is  more 
difficult. 

the  cell  enters  the  laser  beam i t  scatters  light in all  directions. the fonvard  direction  the 
light  scatter  is  proportional  to  the  cross  sectional  area of the  cell  and  size  information  can  be 
obtained. I f  the  light  scatter  is  measured  at W', information the  internal  structures,  such  as 
granules,  can  be  measured.  Cells  can  be  stained  with  fluorescent  dyes or with  antibodies 
conjugated with fluorescent  dyes.  These  dyes  are  excited by  the laser  and  their  emission is 
quantitatively  measured  by  arrays of detectors  whose  optical  path  is 90" to the  laser  beam,  shown 
in Figure 2. The  quantitative  values  for  each  parameter  are  used to generate a computer  file  that 
can  be  evaluated  by  the  user. 

Once  the  properties of  the cells  of  interest  have  been  defined,  that  information  is 
programmed  into  the flow cytometer.  When a  cell  is  detected, which  meets  the  programmed 



a4 STEWART 

sheath 

deflection 

0- 0 '+ 
0 

0- 

FIGURE 1 

Schematic  Representation o f a  FACS. Dispersed  cells  are  suspended in suitable  medium i n  a 
sample  tube  The  sample  tube  is  prcssurized to force  thc  cell  suspension  through  sample  tubing 
into the  flow  cell  that  contains  a  flowing  stream of sheath  fluid  that  is  at a fiscd  pressure (10-50 

psi).  The  sample  pressure  is  increased cells  begin  to flow into  the  sheath  fluid  that 
hydrodynamically  focuses the cell  stream  at i ts  intersection  with  the  laser  beam piezoelectric 
transducer  attached  to  the flow c e l l  vibrates i t  at high  frequency  (25-100mHZ)  to  create  droplets 

that  will contain individual  cells  for  sorting. At the time of sorting. the charging  collar  is  charged 
synchronously  with  the  droplet  containing  the  desired c e l l  just as the  droplet is. breaking  away 
from  the c e l l  stream.  This  effectively  isolates  the  charge on the  droplet as i t  falls  between  two 
deflection  plates  held  at  a  high  voltage or more volts). Positive  droplets are attracted to the 

negative  plate  and  negative  droplets  to  the  positive  plate,  effectively  removing  them  from  the 
uncharged  droplet  stream.  The  sorted  droplets  miss  the  plates  and  fall into collection  tubes. 
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FIGURE 2 

Schematic  representation of optical  light  path. I n  this  schcmatic  reprcscntation,  thc  optical 
layout for  a  fivc  parameter llow is  shown.  Light  scattcrcd rrom thc  ccll i n  thc  forward  dircction 
(7-2296 off axis) is  measured a  light  scnsitivc  diodc  dctcctor.  The  side  scattcr  and 
fluorescence  measurcments  are  made at 90% to  the  lascr  bcam. collection  lens  is  uscd  to 
collect  light at the  intersection  of  the  cc11  stream  and  laser ham. The  collected  light  is  then 
passed  through  a  series of dichroic  mirrors  and  optical  filters to photo  multiplier  (PMT) 
detectors.  Dichroic  mirrors  are used to reflect  appropriate  wavelengths of light  and  transmit 
others.  The  scattered  laser  light and  light  from  the  fluorochrome with emission  wavelengths  less 
than 560 pass  through  the  first  dichroic  mirror  while  the  longer  wavelengths  are  reflected. 
second  dichroic  is  used  to  transmit the laser  light into the Pm measuring  side  scatter  and  passes 
green  light  into  the  Ph4T  measuring  green  fluorescence. third  dichroic  mirror  accepts  the 
reflected  fluorescence  greater  than  560nM  and  reflects  orange  light  into  one  PMT  and  transmits’ 
red  light  into  the  other.  Thus.  the  five  parameters,  forward  scatter,  side  scatter,  green,  orange, 
and  red  fluorescence  can be measured on each  cell  that  passes  the  laser  beam. 

criteria, i t  is  sortcd.  Sorting  consists of vibmting  thc  flow at vcry  high  frcqucncy t o  crcatc 
droplcts. 

The  droplet  containing  the  dcsircd cc11 is  clcctrically  chargcd  and  falls  through two high 
voltage  deflection  plates. I f  the  droplct  is  charged positively i t  is deflected towards  the  ncgative 
plate. I f  it is charged  negatively, i t  is  dcflectcd  towards  thc  positive  platc.  Thus, two populations 
can be sorted.  Shapiro (1) or Given haw  written  an  in-dcpth  description or the  cytometcr 
operation. 
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FIGURE 

Lymphocyte  Subsets:  Human  blood was stained  with  six  scparate  conlbinations of antibodies 
to diffcrentiation  antigens  expressed  by  lymphocytcs. In the  first  row  the  combination of CD3 
CD4  and  CD8  produces  a  pattern  that  resolves the T-cell  subsets  CD3+CD4+CD8-, 
CD3+CD4+CD8+.  CD3+CD4-CD8+  and CD3+CDCCD8-. Note also the  CD3-CD4+ 
monocytes in region  1  and  the NK cell subset CD3-CD8+ in region 8. The  second  row shows 
the  combination  CD7.  CD19  and  CD2.  T-cells are CD2+CD19-CD7+  shown  in  region 6. B- 
cells  are  found  in  region 1.  NK cells  are  resolved  as CD7+CD?,- in region 5 and  CD7-CD2+ in 
region 8. Those  that  are  CD7+CD?+  cannot be resolved  from  T-cells.  The  third row resolves 
NK cells from T-cells  using  the  antibody  combination  CD16, CD56  and  CD3. T-cells  are  found 
in region 6 espressing  CD16  and in region 8 cytotoxic  T-cells  espressing  CD56  are  clearly  seen 
in  the  center  view.. NK cells  can divided  into CD16. shown in region  1  and  CD16+  subset  is 
shown in region  2.  The  fourth  row  shows  that  the $+ T-cells  are CD4 (region  2),  but  some 
express  CD8  (region 6). In  the last two  rows.  the  naive  (CD45RA)  and  memory  (CD45RO) 
subsets of CD+  and CD8  T-cells  are  shown  in  region 6. 
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3' I 

FIGURE 3 Continued 

APPLICATIONS 

The  earliest  measurements  made by  flow  cytometers  were  the  determination of the  amount of 

DNA  per cell.  Cells  were  stained with dyes  such as Ethidium  Bromide  or  Propidium  Iodide  that 
quantitatively  bind to the  DNA.  Today  there  are  dyes  that  can  be  used  to  stain  virtually  every 
component  found  inside cells, such as RNA,  protein,  mitochondrial  number  and  microtubular 
structures,  and ion fluxes.  Molecular  probes provides  a  complete  supply of fluorescence 
reagents for performing  these  measurements.  Darzynkiewicz,  et  al.  have  compiled a  complete 
and  comprehensive  manual of procedures (4.5). 

6 
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FIGURE 4 

Cytokine  Receptor  Expression: Human  bone mmow was stained  with  CD34,  an  antibody to 

hematopoietic  progenitor  cells,  CD38.  an  anti-HLADr  and an antibody lo the  p75  componcnt of 
the 11.2 receptor.  The  bivariate  plot in the  ccnter  shows  four  populations of CD34+  cclls:  CD38- 
Dr+,  CD38+Dr+,  CD38+Dr  and  CD38-Dr-.  Next  to  each  quadrant  is  the  univariate  histogram 
illustrating  the IIZR receptor  expression  for  each  population.  Note  that the highest  expression  is 
shown  by  the  HLADr,  CD38+1-  populations. 

The  identification of lymphocyte  subsets by  immunophenotyping is a  major  application of 
flow  cytometry. All cells contain  structural  proteins,  proteins  involved  in  cell  communication,  in 
cel l  metabolism  and  in cell locomotion or  adherence.  Antibodies  made  to these various  proteins 
can be conjugated  with  different  colored  fluorochromes  and  used  to  quantify  their  expression. 
Some of these  proteins do not  change in amount on specific  cell  populations  and are termed 
differentiation  proteins.  Other  proteins  are  enhanced or suppressed  depending on what the cell  is 
doing;  these  are  termed  activation  proteins.  These  cells can be stained  with  several  antibodies to 

these  proteins  simultaneously  for  explicit  identification  and  functional  analysis. 
To view  flow  cytometry  data,  one  parameter,  is  plotted  against  the  other to produce a bivariate 

plot  shown in Figure 3. Since  each c e l l  population has a  unique  repertoire of these  proteins,  they 
appear  as  distinct  clusters  in  the  bivariate  plot  creating  a  pattern for each  combination  of 
antibodies.  Using  combinations of three  antibodies  it  is  possible to resolve  lymphocyte 
subsetsthat  form  clusters of cells  resolved  by the combinations.  Not  only is this  a  rapid 
enumeration  technique,  but  these  populations can sorted for  furiher  evaluation. 
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A  new  methodology  has  been  developed to identify  intra-cellular  proteins  (antigens)  (6). 
When  combined  with  surface  immunophenotyping to identify  the  cell,  it  is  possible to determine 
what cells  are  producing  what  cylokincs. If thc  cytokincs  arc  thc  words  cclls  usc to colnmunicatc 
with one  another then  thcir  cars  must bc the cytokine  rcccptors.  Figure 4 shows a four  antibody 
combination  used  to  identify  subscts o f  hcmatopoictic  progcnitor  cells  and  evaluatc  their 
cytokine  receptor  repertoire. 

CONCLUSIONS 

In  summary, flow  cytometry  can be used for  the npid identification of host  defense  cells  and, 
using  antibodies  to  functional  proteins  to  determine  the  activation  status of unique  subsets.  This 
offers  the  researcher a powerful  approach to study  the  cellular  inteiactions  that  occur as the  host 
defends  itself  against  disease. 
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ABSTRACT 

Immunological rejection remains  a  major  barrier to successful organ  transplantation. 
Consequently,  immunosuppressive  intervention to prevent or control the rejection 
process  renders the  transplant recipient susceptible to infectious diseases.  Flow 
cytometry  has become a useful  tool for  monitoring  immunological  responses in 
transplant recipients. There  are  three  areas of clinical transplantation immunology that 
may benefit from this technology. First, characterizing  and classifying alloreactive 
antibodies by flow cytometry identifies high-risk donor  and recipient combinations  with 
greater precision. Second, the ability to detect subtle  changes in the cellular components 
of the immune system cytometrically may facilitate the differential diagnosis of rejection, 
infection, and iatrogenic toxicity. Finally, the ease  with which  flow cytometry 
determines the  adequacy  or inadequacy of immunosuppressive  therapy  through T cell 
receptor  analyses serves to maximize the beneficial  effects of engraftment. 

INTRODUCTION 

Immunological  responses to alloantigens  involve a number of  cellular  and  humoral  events that 

may serve  as  useful  monitors  of the rejection  process.  Immune  recognition  begins  with the 

interaction  of  cytotoxic  and  helper T cells  with  HLA  class I and  class I1 antigens,  respectively. 

Subsequently,  post-antigenic  differentiation  and  activation  occur  with the expression  of L 2  

receptors,  transferrin  receptors,  and HLA-DR antigens.  These  events  culminate  with T cell 

expansion,  infiltration,  and  mediation  of  graft  destruction. 

Additionally, T cell  activation  leads to the  production  of  lymphokines  that  promote B cell 

differentiation  and  alloantibody  formation.  These  antibodies are very  important  indicators of 

91 
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allogeneic  immune  responsiveness.  Often their development is associated  with  irreversible 

rejection.  Furthermore,  their  existence  prior to engraftment as a result of pregnancies, 

transfbsions, or a previous  transplant, may predict the imminent destruction of engrafted  tissue. 

METHODS 

ALLOANTIBODY  ANALYSIS BY CYTOTOXICITY. The standard  method  used  for the 

detection of alloreactive  antibodies  is the complement  dependent  cytotoxicity  assay (l), In  its 

most  basic  form, a patient's  serum  is  combined  with  donor-derived  lymphocytes that are 

representative of the allograft  antigen  profile. If donor-reactive  antibodies are present, 

complement  activation  occurs  with the addition of rabbit  serum.  This  results  in  cell  membrane 

destruction.  Eosin  serves as an indicator  of  cell  membrane  integrity  where the uptake of dye 

suggests the presence of these antibodies.  Exclusion of the dye on the other hand  indicates 

their  absence. 

ALLOANTIBODY  ANALYSIS  BY  FLOW  CYTOMETRY.  Flow  cytometric  analysis 

involves the detection  of  alloantibodies  at the cell  surface by  indirect  immunofluorescence (2). 

Sample  preparation  begins  with the admixture of recipient  serum  and  donor  lymphocytes  and 

follows  with the addition  of a fluorescein-conjugated  secondary  antibody  such as goat anti- 

human  immunoglobulin.  T  cell or B  cell  specific  monoclonal  antibodies,  directly  conjugated 

with red or orange fluorochromes, are used to subdivide  and identie the lymphocyte 

populations.  Sample  analysis  continues  with the generation of a cytogram  based on forward 

and  right-angle  light scatter properties of the cells.  From this perspective, the lymphocyte 

population  can  be  electronically  selected for firther analysis.  Measurement  of  red or orange 

fluorescence  enables the discrimination  of  lymphocyte  subpopulations  corresponding to the 

specificity  of the monoclonal  antibodies  used.  Analysis of green fluorescence  serves as an 

indicator of donor-reactive  recipient  antibodies.  With the use of donor  peripheral  blood 

leukocytes and appropriate gating  techniques,  monocyte  antibodies are also  detected. 

Furthermore, the use  of the appropriate anti-human  reagent  determines the immunoglobulin 

class of the  reactive  antibody. 

PHENOTYPIC  ANALYSIS OF LYMPHOCYTES.  Current  approaches to lymphocyte 

phenotyping  and  subset  analysis  involve  fluorochrome-conjugated  monoclonal  antibodies to 
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various  clusters  of  differentiation  (CD)  markers (3). By  using  different  fluorochromes, 

fluorescein  and  phycoerythrin for example, the simultaneous  analysis  of  multiple  populations 

and  dual  marker  analysis  of  individual  populations  become  feasible.  Lymphocyte  markers 

commonly  examined are the CD2 or CD3  pan T cell  antigens,  the  CD4  marker of the  T 

helper/inducer  subset,  and the CD8  marker  of  cytotoxic  and  suppressor  T  cells.  The  CD25 

IL-2  receptor, the CD71  transferrin  receptor,  and  T  cell  associated  HLA-DR  antigens  serve  as 

indicators  of  T  cell  activation. 

Historically,  measurements  of  lymphocyte  populations  entailed  the  subjective  visual 

examination  of  fluorescent  cells.  However,  statistical  significance  required the tedious  analysis 

of  a  substantial  number of cells.  This  was  particularly  challenging  for  dual  marker  analyses. 

With  flow  cytometry,  however,  objective  analyses  and  vast  enumerations  of  cells  become 

feasible. 

RESULTS 

LMITATIONS OF THE CYTOTOXICITY  ASSAY. In the cytotoxicity  assay,  the  presence 

donor-reactive  antibodies  is  predictive  of  graft  rejection  whereas  their  absence  indicates  a 

favorable  graft  outcome.  However,  these  interpretations are based  on  two  assumptions:  first, 

that all  antibodies  detected in this  assay  will  mediate graft rejection  and  second,  that  all 

antibodies  capable  of  mediating  graft  destruction are detectable by this  method.  Neither 

assumption  is  without  exception. For example,  there are cases when  alloantibody  is  not 

detected  but  engraftment  results in sudden  rejection.  Conversely, there are cases  when  donor- 

reactive  antibodies are detected  but  detrimental  effects  on the engrafted  tissue are not 

observed.  Possible  explanations for these  false  negative  results and false  positive  reactions are 

summarized in Table I .  The false  negative  results  encountered may be  attributed to low  titer 

antibodies  that are below the threshold detection in the cytotoxicity  assay  (4).  non-cytotoxic 

antibodies (5) that are inefficient  activators  of the complement  cascade,  and  antibodies to HLA 

class I1 determinants (6) that are not  normally  expressed by the T cell  majority of the donor 

lymphocyte  population.  False  positive  reactions may be  attributed to IgM class  autoantibodies 

(7) that mimic IgG class  alloantibodies,  clinically  irrelevant  alloantibodies  that  recognize 

lymphocyte  antigens  not  shared  with the engrafted  tissue  (g),  and  immune  complexes  that  are 

capable  of  initiating  the  complement  cascade in a  non-specific  fashion. 



94 

TABLE I 

SHANAHAN 

Limitations of the Cytotoxicity  Assay 

False  Negative  Results  Due To: False  Positive  Reactions  Due  To: 

Low titer antibodies Igh4 class  autoantibodies 

Non-cytotoxic  antibodies Cliically irrelevant  alloantibodies 

Class II antibodies Non-specific  immune  complexes 

IMMUNOGLOBULIN  CLASSIFICATION  BY FLOW CYTOMETRY. The  problem of false 

negative  results in the cytotoxicity assay may be resolved to some by 

substituting B cells for T cells the target  population. B cells not  only  express  HLA  class II 

antigens that are ordinarily  absent  from T cells, they  also express class I antigens at a 

higher  density (9). However,  the  use of B cells to enhance the sensitivity of the assay may 

sacrifice its specificity B cells are also  potent targets for autoreactive  antibodies.  Because 

these autoantibodies are predominately of the IgM class (IO), one approach to this dilemma is 

the classification of the immunoglobulins by flow  cytometry.  In our studies,  we  examined 

patients who, by cytotoxicity  methods,  exhibited B cell reactivity without  consistent T cell 

reactivity. When assayed  by  flow  cytometry  using the appropriate  anti-immunoglobulin 

probes, we were  able to discem those reactions  attributable to IgG and IgM (Table II). Of58 

patients  studied, 18 (3 1%) displayed IgM associated  reactivity  whereas 31 (53%) 

demonstrated  reactivity  mediated by immunoglobulins. of the IgG class. Because,  reactions  due 

to I@ are seldom  regarded clinically  significant, we  do not  consider  them a 

contraindication to transplantation in our program.  Moreover,  their presence has not  been 

proven to be deleterious to graft suMval. Determining the clinical  significance of IgG 

reactions on the other hand is  more  challenging. 

MULTJTARGET ANALYSIS. One  approach to determining the clinical  signiiicance of IgG 

class  alloreactive  antibodies  is through multitarget  analysis. .By performing the appropriate 

electronic  manipulations,  monocyte  reactivity  can  be  measured in addition to lymphocyte 

reactivity. As a result, difFerent patterns of reactivity observed that correspond to different 

antigen  specificities  (Table For example, the ubiquitous  distribution of class I HLA 

antigens that antibodies  reactive  with T cells, B cells,  and monocytes are class I 



FLOW CYTOMETRY  IN  TRANSPLANTATION  MEDICINE 95 

TABLE II 

Distribution of IgG and IgM Donor-Reactive Antibodies in Transplant Patients 

Immunoglobulin  Class 

31 IgG alone 

18 (31) IgM alone 

Nmh(percentage) 

IgM and IgG 7 (12) 

neither IgM nor IgG 2 (3) 

TABLE III 

Interpretation of Multitarget Flow Cytometric Analysis 

T Cell B Cell Monocyte 

Positive  Positive  Positive . HLAClassI 

Negative  Positive  Positive  HLA  Class ll 

Negative  Negative  Positive VEC 

Positive  Negative  Negative  Non-HLA 

Negative  Positive  Negative  Non-HLA 

specific.  Otherwise, B cell  and  monocyte  reactivity,  in the absence of T cell  reactivity,  implies 

the  presence of class  I1  specific  antibodies.  In  either  case,  HLA  antibodies are clinically 

significant  and contribute to allograft  rejection.  Conversely,  antibodies to T cells  or B cells, 

without  monocyte  reactivity,  are  likely  non-HLA  in  nature  and  hence  clinically  insignificant. 

Clinical  significance,  however,  is  not  necessarily  limited to the HLA system. For example, 

there exists a system of vascular  endothelial  cell (WC) antigens  that are expressed by 

monocytes  as  well 1). Although these antigens are not detected  on  lymphocytes,  they are 

believed to be clinically  relevant. 

Previously,  we  reported three cases of renal  transplantation  performed in the presence of B 

cell  antibodies  and  absence of T cell  antibodies  as  determined by the cytotoxicity  assay (2). 

Retrospective  analysis by multitarget  flow  cytometry  revealed three patterns of reactivity.  One 

patient  reacted  with T cells, B cells  and  monocytes  and  another  with B cells  and  monocytes 
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without  evidence  of T cell  recognition.  Both  patients,  who  exhibited HLA patterns of 

reactivity,  experienced  sudden,  irreversible  graft  failures.  The  third  patient  was B cell  reactive 

only.  In this patient, the graft  continues to  hnction well.  Although  all three patients  showed 

identical patterns of reactivity by the cytotoxicity  method, flow cytometry was able to 

distinguish  antibody  specificities Ad predict the clinical  significance  of these reactions. 

NONCYTOTOXIC  ANTIBODIES.  Despite the availability of various  crossmatching 

methods,  immediate  graft  rejections  still  occur  in the absence  of detectable cytotoxic 

antibodies.  We  encountered two such  cases in our program.  Although donor lymphocytes 

were  not  available  for retrospective testing, we performed  flow  cytometric  analyses  using 

lymphocyte  panels  from  unrelated donors. These studies indicated the presence of broadly 

reactive B cell antibodies in one patient  and  antibodies  widely  reactive  with T cells  and B cells 

in the other. Although  direct  correlation  with  donor  reactivity  was  not  possible, a significant 

level of risk  could  be  attributed to these non-cytotoxic  antibodies. 

This  experience, in addition to the fact  that  both  cases  involved  renal  regrafis,  prompted us 

to examine the influence  of  previous  graft  history on alloantibody  levels  (Table IV). We 

examined  patients  with  and  without  cytotoxic  antibodies  and  subdivided  each group based  on 

previous  transplant  experience; those awaiting  regrafts  and those without  previous  transplants. 

In each  case,  we  compared  flow  cytometric  analysis  with the cytotoxicity results. Essentially, 

those patients  who  exhibited  cytotoxic  antibodies,  regardless  of  history, were also  reactive by 

flow  cytometry  with 100% agreement.  Similarly,  of  those  patients  awaiting a primary  graft 

without  cytotoxic  antibodies, 95% were  also  non-reactive by flow  cytometry.  However, it  was 

alarming to discover  that  of the patients  who  experienced a previous  graft  failure  and  showed 

no  evidence  of cytotoxic antibodies, were in fact  reactive by  flow cytometry. 

CLINICAL. SIGNIFICANCE OF NON-CYTOTOXIC  ANTIBODIES.  Certainly, the 

importance of these non-cytotoxic  antibodies  is  controversial.  However, there is  substantial 

direct  and  circumstantial  evidence  supporting  their  significance in regraft  patients.  In one 

study, acute regraft  failures  occurring  in  six  renal  patients  were  examined (12). .When  donor- 

specific  cytotoxic  antibodies  were  not detected, analyses  were  performed by  flow cytometry. 

Using standard  fluorescence  channel shift criteria,  donor  directed T cell  reactivity  was  evident 

in  five  of these patients.  Furthermore, when a more  sensitive  fluorescence  ratio  was  employed, 
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TABLE IV 

Correlations  Between  Cytotoxicitv and  Flow Cytomety 

Flow Cytometry  Results - 
Transplant  Group I Cytotoxicity  Results I n Positive 

T cell  reactivity  was  detected in all  six cases.  Parallel  analyses  of  successfil  regraft  cases in 

this  study  indicated the absence of donor-specific  flow  cytometric  reactivity. 

There  are  other  data  that  support  the  clinical  significance  of  these  cytometrically  defined 

antibodies.  For  example,  one  study  showed  that  T  cell  antibodies  detectable by flow 

cytometry,  but  undetectable by cytotoxicity, had  no  detrimental  effect in patients  receiving 

their  first  renal  allograft However,  their  presence  was  associated  with  significant  graft 

loss in retransplant  patients.  When  flow  cytometric  analyses are expanded to include T cells 

and B cells,  these  antibodies  present an elevated  risk  of  primary  rejection  as  well  (14).  Yet, the 

risk  is  still  more  pronounced in regraft  patients.  Finally,  other  studies  support the contention 

that B cell  antibodies,  as  detected by flow  cytometry,  predict  decreased  graft  survival  rates in 

both  primary  and  regraft  patients (1 5). 

conclusion,  antibodies  detectable by flow  cytometry  but  undetectable by cytotoxicity  are 

clinically  important.  Furthermore,  their  presence  is  even  more  significant in regraft  patients. 

However,  these  antibodies  should  not  be  considered  absolute  contraindications to 

transplantation  but  rather as substantial  risk  factors. 

LYMPHOCYTE  POPULATION  ANALYSES.  Two  of  the  clinical  challenges  often  faced in 

the  post-transplant  period  is  the  differential  diagnosis acute  rejection  and  viral  infection and 

distinguishing  steroid-resistant  rejection  from  cyclosporin  toxicity.  There  have  been  attempts 

to resolve  these  problems  through  the  analysis of T cell  activation  markers.  Because  dual 

marker  analyses of minute  subpopulations are required,  flow  cytometry  is  useful  in  this  regard. 
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Monitors of activation  include  IL-2  receptor-associated  CD25  and  transferrin receptor- 

associated  CD71  coexpressed  with the CD3  marker of T cells  (Table V). These  markers are 

not  always successfil in distinguishing  rejection  from  infection  (16,17).  However,  they do 

indicate an  immunological  assault  and therefore differentiate  episodes  of  rejection  and  infection 

from  cyclosporin-induced  nephrotoxicity in renal  transplant  recipients.  Analysis  of the CD71 

marker appears to be  particularly usefil for monitoring  anti-rejection  therapy in  heart 

transplant  recipients (18). In these cases,  failure of CD71 to return to base  levels  portends 

subsequent  rejection  episodes. 

Studies  of the expression of HLA-DR  antigens  on  activated T cells  have  also  been 

performed (19). Similar to other activation  markers,  the  coexpression of DR  with  CD4 or 

CD8  provides  little  assistance  with the differentiation  of  rejection  and  viral  infection.  More 

informative,  however,  are  those studies that correlate increases  in the CD4KD8 ratio  with 

active  rejection  and  relative  decreases in the CD4KDS index  with  infection  (17.20). 

Additional  studies  have  subdivided the CD4 helperhppressor-inducer subset by CD45RA 

expression.  In these cases,  increases in the helper  population, as determined by relative 

decreases in  CD45RA  expression,  appear to be  unique to the rejection  process  (17.21). 

Certainly, this area of study  remains  controversial.  However, as flow  cytometry  is  applied 

to its full potential  and  more  precise  markers of cellular  immune  function are employed,  more 

significant  diagnostic patterns may emerge. 

MONITORING IMMUNOSUPPRESSIVE INTERVENTION.  Occasionally, there are 

rejection  episodes  that  do  not  respond to standard  forms of immunosuppressive  therapy. 

These  instances may require  intervention  with  monoclonal  antibodies  directed  against the T cell 

antigen receptorKD3 complex.  This  reagent,  commonly  referred to  as OKT3,  is  effective 

through  at  least two basic  biological  mechanisms.  First,  OKT3  antibody  may  react  with  the 

CD3  complex  and,  through  opsonization  or  complement  activation,  promote  clearance  and 

depletion of the T cell  population.  Second,  OKT3  antibody may  crosslink  CD3 complexes 

leading to the polarization  and  endocytosis  of T cell  antigen receptors thereby  rendering the 

cells nonfinctional(22,23). 

The  adaptability of flow  cytometry to the  analysis of multiple  determinants  makes  it a 

useful tool for monitoring the effects of OKT3 therapy. There are three  important  indicators 

of the  effectiveness  of  OKT3 treatment: the CD3 T cell receptor marker, the CD2  pan T cell 
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TABLE V 

Lymphocyte  Marker  Expression  in  Transplant  Recipients 

TABLE VI 

Interpretation of Cell  Markers  in  OKT3  Treatment 

CD2  CD3 OKT3 Interpretation 

- - - Elimination 

+ - - Modulation 

+ + - Saturation 

+ + + No effect 

marker,  and  OKT3 epitope expression  within the CD3  complex.  This  panel of markers 

provides  a  means of determining the effectiveness or ineffectiveness of treatment  (Table VI). 

With the proper dosage, one should  expect  a 95% reduction in T cells 24 hours after initial 

OKT3  administration. A decline  in  all three markers  reflects the elimination of T  cells. It is 

not unusual for the CD2  marker to return during  treatment (24). However,  under  favorable 

circumstances, the CD3  antigen  should  remain  depressed. The emergence of the CD2  marker, 

without  CD3  expression,  indicates the presence of modulated  T  cells that are devoid of the 

antigen receptor complex.  Coexpression of CD2  and  CD3, on the other hand, suggests the 
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presence of lknctional T cells  and  restoration  of  the  rejection  process.  However,  failure to 

detect the OKT3 epitope on the cell  surface  indicates that circulating  monoclonal  antibodies 

remain  at a quantity  sufficient  for  antigen receptor saturation (22). Finally,  persistence of all 

three  markers  implies  nonresponsiveness  and  development of immunological  resistance to the 

murine  monoclonal  antibody (22,25). 

SUMMARY 

Flow  cytometry  offers many advantages for the study  of  humoral  and  cellular  components of 

the immune  system in the transplant  patient.  The  ability to analyze  alloreactive  antibodies  with 

greater sensitivity  and  specificity,  helps  avoid  some  forms of antibody-mediated  rejection that 

are  often  unavoidable by standard  methods.  The  ease by  which  flow cytometry  characterizes 

major  and  minor  lymphoid  populations  makes  it a usefil tool for monitoring  cell-mediated 

events  during  the  post-transplant  period.  The  goals of laboratories utilizing  flow  cytometry for 

transplantation  purposes  are 1) to improve mart survival  by  defining  high-risk donor  and 

recipient  combinations, 2) to promote  graft  accessibility by  avoiding the unfair  exclusion  of 

low-risk  combinations,  and  3) to contribute to the diagnosis of rejection  and  management of 

anti-rejection  therapy.  Together,  these  applications  serve to maximize the beneficial  effects of 

transplantation  while  minimizing  the  adverse  complications. 
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ABSTRACT 

The  resurgence of tuberculosis  prompted  the  development of a  number  of  new  options  for  the 
rapid  laboratory  diagnosis  of Mycobacferium tuberculosis (MTB).  One of  the  most  promising 
and  exciting  methodologies  has  been  the  introduction,of  assays  employing  amplification 
technology to  detect MTB  directly  in  clinical  specimens.  Although  amplification  assays  hold 
significant  promise  to  improve  the  laboratory  diagnosis of tuberculosis,  the  decision to perform 

not  perform  these  assays is complicated.  The  performance of in-house  polymerase  chain 
reaction  (PCR)  assays  and  two  commercially-prepared  assays,  GenProbe's  AMTD  test  and 
Roche's  AMPLICOR  PCR  assay  are  reviewed.  Regardless of  the  amplification  format, all 
assays  have  decreased  sensitivity  with  specimens  that  are  acidfast  bacilli  (AFB)  stain-negative. 
Data  from  these  studies  and  others  indicate  possible  potential  pitfalls of amplification  assays, 
those  being  sampling  errors,  the  presence  of  substances in clinical  specimens  that  inhibit  the 
amplification  assay,  and  clinical  utility. 

laboratory  are  reviewed. In addition,  factors  such as cost,  assay  performance,  etc.  are 
discussed  in  order  to  facilitate  the  decision-making  process  concerning  whether  an  amplification 
assay  would  be  appropriate  in  a  particular  laboratory  setting. 

In  light  of  these  findings,  the  possible  roles  for  these  assays  in  the  clinical  microbiology 

'The  recent  resurgence in tuberculosis i n  the was of'a numbcr dcoIllplcx 

factors  such I-IIV-infection,  homelessness,  and  other  socioeconomic  factors ( l ) .  Further 

complicating  the  early  outbreaks  were  frequent  delays i n  laboratory  reporting of smear,  culture, 

and/or  susceptibility  results a result, a critical  need  for  a  more  rapid  diagnosis for 

tuberculosis  became  apparent. 

In  response to this  demand,  significant  energy  was  expended  to  provide  more  rapid 

methods  for  the  laboratory  diagnosis  of  mycobacterial  infections. microbiologists,  there  is 

presently a number of  options  from  which  to  select  that  can  impact on mycobacteriology 

laboratory  services,  depending  on  their  needs  and  resources.  Probably  one of  the  more  promising 

and  exciting  options  for  rapid  diagnosis  are  those  employing  amplification  technologies.  The 

last  several  years  have  witnessed a plethora  of  information  regarding  the  ability of  these 
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technologies  to  diagnose  mycobacterial  infections.  Most  recently,  an  FDA-approved  commercial 

assay  used  to  detect Mycobacterium  tuberculosis (MTB)  directly  in  clinical  specimens  has 

become  available  and  another,  as  of  this  writing,  is  close  to  receiving  formal  approval. 

However,  in  parallel  with  these  technological  developments,  the  practice o f  laboratory 

medicine  has  become  increasingly  complex  over  the  last  several  years.  The  decision  process  as 

to  the  extent  and  level  of  laboratory  services  for  the  diagnosis  of  mycobacterial  infections,  and  in 

particular,  the  use  of  amplification  assays,  is  no  different  in  this  regard.  The  clinical 

microbiologist  is  confronted  with  multiple  issues  such as accommodating  increasing  public 

health,  regulatory,  and  therapeutic  demands  coupled  with  limited  laboratory  resources,  i.e. of 

money  and  personnel.  Impoitantly,  the  clinical  utility  of  various  laboratory  procedures  must  also 

be  assessed.  Although  amplification  assays  hold  significant  promise  to  improve  the  laboratory 

diagnosis  of  tuberculosis,  the  decision  to  perform not  perform  these  assays  is  complicated.  To 

facilitate  the  decision  making  process as to  the  utility  of  these  assays  in  a  clinical  microbiology 

laboratory  setting,  the  performance  and  possible  limitations  of  amplification  assays, as well  as 

other  factors  to  consider  will be  discussed. 

PERFORMANCE 

Since  PCR’s  discovery  over I O  years ago, a  number  of other  approaches to amplification 

has  been  introduced to  detect  MTB  directly in clinical  specimens.  Some  of  these  amplification 

formats  include  polymerase  chain  reaction  (PCR),  isotllermic  enzymatic  amplification  of  MTB 

rRNA  that  is  coupled to a  hybridization  protection  assay,  ligase  chain  reaction,  and  strand 

displacement  amplification.  A  review of each  of  these  formats  that  are  presently  at  various  stages 

of  development  is  beyond  the  scope  of  this  discussion.  Some  of  the  available  published  data on 

PCR  assays,  and  on  two  commercial  assays,  GenProbe’s  Amplified  Mycobacterium  Tuberculosis 

Direct  Test  (GenProbe,  San  Diego,  California) AMTD test  and  Roche  Diagnostic  Systems’, 

Ah@LICORTM  (AMPLICOR;  Roche  Diagnostic  Systems,  Inc.,  Branchburg.  New  Jersey) test will 

be  summarized.  Based  on  my  own  experience  with  PCR  and  evaluations to  date of other  formats, 

I believe  that  key  questions  and  issues  surrounding  these  assays  will  be  similar,  regardless  of  the 

specific  format  as  one  attempts  to  develop  their own strategies  for  the  laboratory  diagnosis of 

mycobacterial  infections. 

If  attempting  to  draw  definite  conclusions  following  literature  review  of  that  fondly 

referred to as  “home  brew”  PCR  assays,  one  is  immediately  confronted  with  a  major  stumbling 

block in trying  to  compare  findings  from.one  study  to  another.  Table I summarizes  data  from 

some  of  the  studies  published  since 1989 using  PCR  to  detect  MTB  directly in clinical  specimens. 
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I 

Studies  evaluating  in-llouse  de\eloped  PCR Tor  he direct  detection ol'MTB i n  clinical 

specimens.' 
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While  reviewing  this  literature,  one  is  struck  by  the  bewildering  array  ofextraction  procedures, 

primers,  sample  input  for  amplification,  and  cycling  parameters.  Even  primers  originating  from 

the  same  area  of  the  genome  often  target  different  regions.  Thus,  comparing  the data of  the 

various  home  brews is most dficult. Regardless,  overall  sensitivities  and  specificities  range  from 

70% to loo%, and to 100%, respectively.  Note,  however,  that  some  evaluations  published 

to  date using  the  “home  brew”  PCR fomts  have compared  their  direct  PCR  results to culture on 

solid  media;  this  laboratory  practice  is known to be  significantly  less  sensitive  than  using  a  solid 

and  liquid  medium,  Unfortunately,  some do  not  even  report  their  culture  methods.  Importantly, 

the  sensitivity  of  in-house  PCR  assays  for  those  clinical  specimens  that  are  acidfast  bacilli (AFB) 

stain-negative is frequently  significantly  less  than  the  sensitivity  for  specimens  that are AFB stain- 

positive  (table  I). 

As previously  mentioned,  a  number of companies  are  in  various  stages  of  developing 

amplification  assays  for  the  direct  detection o f  MTB in clinical  specimens.  Recently,  GenProbe’s 

AMTD test  received  FDA  approval  for  use  to  detect MTB directly  in AFB smear-positive 

respiratory  specimens;  Roche’s  AMPLICOR  assay is currently  under  evaluation by the FDA. 

Both  assays  are  commercially-available  outside  the  United  States.  Some of the  currently  available 

data regarding  the  performance of these  two  assays  are  shown  in  table 11. 

In  addition  to  these  studies,  several  investigators  have  reported  their  findings in which  these  two 

commercial  assays  were  compared  head-to-head  as  well as with  culture  (table I l l ) .  

LIMITATIONS 

With  few  exceptions, it is clear  that  most  “home  brew”  PCR  assays  as  well  as  GenProbe’s 

AMTD and AMPLICOR’s demonstrate  good  sensitivity  for  specimens  that  are AFB  smear- 

positive.  However,  for  those  specimens  that  are  AFB  stain-negative,  the  sensitivity,  if  data  are 

presented,  ranges  between 50 to loo%, with  most  assays  lying  between 60 and 80%. 

Explanations  for  the  lower  sensitivity  of  amplification  assays to detect  organisms in smear- 

negative  specimens  point to possible  pitfalls  or  limitations of these  assays.  Three  major  caveats 

for  amplification  assays  must  be  considered:  the  presence inhibitory  substances,  sampling  error 

and the clinical  usefulness.  These  caveats  are in addition  to  obvious  problems many laboratories 

have  dealing  with  cross-contamination  and  sensitivity  as graphically  reported by Noordhoek,  et 

al. 

Many  studies  do  not  report  the  number  of  specimens  that  were  inhibitory  to  the  PCR 

assay. In those  reports  that  have,  rates of inhibition  range as  low  as 1% to as high  as 21% 

(table  IV). 
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‘I’AI3L.E I1 

Studies evaluating GenProbe’s AMTD test arld Roche‘s AMPLICOR for the  direct 

detection of MTB i n  clinical specimens. 

# OF OVERALL 

SPECIFICITY 
SENSITIVITY1 SENSITIVITY  SENSITIVITY ASSAY 

SMEAR + Sh4EAR - 

GenProbe 

Abe 

NR NRa Jonas 

Miller 

NR NR Vlaspoler 

Pfyffer 

AMPLICOR D’Amato 

Carpentier 

Wobeser 

~~ 

Moore 

Bergman 

‘NR: Not reported. 

TABLE I I I  

Studies comparing  the  performance of GenProbe’s AMTD  test versus Roche’s AMPLICOR  assay 

for the direct detection of MTB in clinical specimens. 

AUTHOR # 

SPECIFICITY 

AMPLICOR 
SENSIT,VITYl 

AMTD  SENSITIVITY/ 
SPECIMENS SPECIFICITY 
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1 hlnir-Dovi! 

Ichiyanuna 1) 
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Sampliig  error  can  also  contribute  to  decreasing  the  sensitivity  of  amplification  assays  with 

smear-negative  specimens.  To  illustrate, Jonas etal. (1 9) cultured  routinely-processed  respiratory 

specimens  onto  solid  media  and  the  remaining  sediment  was  then  tested by Getlprobe’s  AMTD 

assay.  Cultures  that  grew  MTB  were also quantitated.  In  her  study,  one  third  of  cultures  that 

grew  MTB  had  fewer  than 100 colony  forming  units  (CFU)/ mL and  only 54% of  these  were 

AMTD test  positive.  Twenty-four  specimens t b t  were  AMTD-test  negative  and  culture-positive 

for  MTB  were  retested  before  and  after  the  addition  of  MTB  rRNA; 18 of  the 24 specimens  had 

?; CFUML. Six  specimens  were  positive  and 12 were  negative on retesting,  whereas six were 

inhibitory  to  amplification.  These data provide  evidence  that  sampling  errors  and  interfering 

substances  can  both  contribute to decreasing  amplification  assays’  sensitivity. Yajko and  co- 

workers ( 3 8 )  also  provided  direct  evidence  for  sampling  error.  In this study,  serial  dilutions  of 

clinical  specimens  were  performed  and  then  cultured;  the  respective  serial  dilutions  were  also 

assayed  by  PCR.  Results of this  study  showed  that  variable  PCR  results  were  obtained  fro111 

sputum  specimen  dilutions  of  different  patients  when  there  were 24 to 42 CFUs  present. 

a  result dou r  high  initial  rates inhibition  with our  direct  assay, we  circumvented tl~e 

problem  by  detecting  MTB  directly in BACTEC  12B  broth  cultures (36). Clinical  specimens 

were  handled in a routine  manner:  all  processed  sediments  were  inoculated to Lowenstein-Jensen 

medium  arld  a  BACTEC  12B  vial. aliquot 128 broth  was  removed  when  the GI on  the 

BACTEC 460 instrument  was 210 and  stored at 4°C until assayed by  PCR.  We  performed  these 
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assays  twice  a  week.  Prior  to  PCR,  aliquots  were  boiled  and  then  used  for  the  amplificatiotl.  For 

490  BACTEC  vials  assayed by  PCR in this  manner,  initial  analysis  of  data  revealed  an  overall 

sensitivity  and  specificity  of 100% and  99.7%,  respectively.  Of  significance, 42% of  cultures 

positive  for  MTB  were  smear-negative  yet  all  PCR  results  were  positive.  This  PCR  assay  was 

introduced  into  routine  clinical  use  over years  ago  with  well  over 1000 additional  BACTEC 

12B  vials  with  GIs 2 10 processed by  PCR. date,  this  assay has achieved  >99.9%  sensitivity 

and  specificity  when  compared  to  culture.  Importantly,  we  have  decreased  the  time  required  for 

identification  by  probes in halfin our  laboratory.  Laboratories  that  perform  GenProbe  assays 

directly BACTEC  bottles  would  also  realize  a  savings in time,  although  may  not  be as great, 

since  PCR  can  easily be performed as GIs 10 rather  than  999.  Greater  savings in time  could  also 

be realized if PCR  assays  are  run  daily.  This  approach  has also been  applied  using  AMPLICOR's 

PCR  assay  with  similar  success. 

Although  the  number  of  papers  regarding  the  clinical  utility of amplification  based  assays 

do  not  nearly  approach  those  regarding  their  performance  compared  to  smear  and  culture,  there 

are  some  published  data  that  indicate  possible  caveats  regarding  the  clinical  utility  of  these  assays. 

Schluger  and  coworkers  (1 8) assayed  clinical  specimens  !+om 65 patients  for  the  presence  of 

MTB  by  PCR  and  then  correlated  results  with  AFB  smear,  culture,  pathology,  and  clinical  history. 

Based  on  their  results,  the  authors  concluded  that  PCR was unable to  differentiate  active  disease 

kom either  prior,  treated  disease asymptomatic  infection.  Walker  (37)  and  PfLffer  (22) 

reported sirnilar findings. Pwer  et  al.  (22)  tested  more  than  900  clinical  specimens by  Gen- 

Probes's  AMTD  test  and  compared  results  to  smear  and  culture solid  and  liquid  media.  Of 

particular  interest  were  data  summarbiing  the  analysis  of  discrepant  results  between  the  GenProbr: 

amplification  test  and  culture.  If  discrepant  results  were  obtained,  clinical  data  was  evaluated. 

Of  note,  a  number of patients who  had  positive AhUD test  results  but  negative  cultures  had  a 

history  of  either MTB infection  or  exposure.  As  discussed by the  authors.  these  GenProbe 

results  could  represent a false  positive,  latent  infection  due  to  MTB  or an indication by developing 

active  TB in the  future. 

excellent  study by Beige  and  others  (3s)  reported  similar  findings  when  PCR  results 

were  prospectively  compared  with  conventional  laboratoly  diagnostic  methods in addition to 

clinical  findings.  Although  PCR  appeared  to  exclude  a  diagnosis  of  tuberculosis  based their 

results,  like  Schluger,  Beige  detected  MTB  DNA in many  samples  from  patients  with  a  history  of 

tuberculosis  but active  disease. 

Finally,  Morris  et al. (39)  performed  PCR on BACTEC  bottles  with  GIs  ranzing  from 

21  to 999 and  then  assessed  the  clinical utility ofthe PCR  results  for 10 patients  infected  with 

MTB  by  examining  their  medical  records.  It  is  noteworthy that nine  of  the  10  patients  had 

received  treatment  before  the  BACTEC  bottle  turned  positive.  Four  of  these  nine  patients  had 
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AFB  stain-negative  specimens. A positive  PCR  result  on  the  original  specimen  would  have  been 

useful  for  two  of  the  five  smear-negative  patients  since  these  patients  would  have  received 

treatment 10 to days  earlier. As  pointed out by  these  authors, initial evaluations  are  a  useful 

first  step,  but  one  shouldn’t  be  misled  into  believing  that  a  test  is  necessarily  going to improve 

clinical  management  dramatically.  Based  on  this  study,  amplification  results  may  not  change  what 

is  done  for  most  smear-positive  patients.  Obviously,  it  would  be  most  useful  for  smear-negative 4 

patients  if  a  result  led  to  earlier  treatment.  But  even in this  situation,  many  patients  are 

appropriately  being  given  treatment  based  on  clinical  family  history,  physical and x-ray  findings 

and  skin test  results.  These  studies  underscorethe  need  for  gathering  of  essential  clinical  data 

before  final  conclusions  can  be  drawn  as  to  the  clinical utility of  amplification  assays. 

POSSIBLE  ROLES  OF  AMPLIFICATION  ASSAYS 

There  are  several  possible  roles  for  these  amplification  assays.  First, all specimens 

submitted mycobacterial  stain  and  culture  could  be  assayed by amplification..  However,  few 

would  argue that if  this  were  to  be  the  case,  something  would  correspondingly  have to be 

eliminated  from  the  laboratory  routine,  particularly in light  of  the  potential  costs  and  time 

required to perform  these  assays,.  Second,  these  assays  could  be  performed  on  AFB  stain- 

positive  specimens  only,  particularly  since  these  patients  represent  the  greatest  public  health  risk. 

However, a study by  Yajko  et al. (40) underscores  the  importance  of  evaluating  each  laboratory’s 

set  of  circumstances  regarding  AFB  stain-positive  sputums.  In  this  three-year  retrospective  study, 

the  predictive  value of an  AFB  smear  for  MTB  was  found to be  quite  high (92% for  expectorated 

sputum  specimens),  despite  the  high  prevalence  ofM’obncferirrm complex in respiratory 

specimens.  Thus,  if  the  predictive  value  of  an AFB smear  for  MTB  is  about 90% or  greater in 

the  geographic  area  served by your  laboratory,  this  may  not  be  an  appropriate  niche  for 

amplification  assays  considering  their  expense  compared  to  AFB  stain. 

Other  possible  roles  for  amplification  assays  might  include  monitoring  the  response to 

anti-tuberculous  therapy  and/or  predicting  relapses.  Recently,  Kennedy  and  co-workers  analyzed 

serial  sputum  specimens  obtained  from patients  with  smear-positive  tuberculosis.  Of  interest, 

PCR  detected  two  of  four  relapse  cases  earlier  than  culture.  Another  possible  niche  for 

amplification  assays  might  be in specific  clinical  settings  such  as  for  the  diagnosis  of  tuberculous 

meningitis the  diagnosis  oftuberculosis in children  where  conventional  methods are certainly 

less  than  optimal. 

DEVELOPING  A  STRATEGY 

From  this  overview, it becomes  evident that there  is  no  one  straightforward  answer  as  to 
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delineating  the  niche  for  these  assays in the  clinical  microbiology  laboratory.  Development ofa 

strategy  is  complicated  by  a  number  of  factors.  First,  the  lack of a  “gold  standard”  for  the 

diagnosis  oftuberculosis  makes  it  particularly  difficult to evaluate  any  new  methodology.  But, 

the  issues  ofsensitivity,  specificity,  turn-around  time  and  expertise  required  must all be  factored 

into  the  decision-making  process. the  issue  of  cost  must  be  reckoned  with.  Terms  such  as 

health care  reform,  merger,  downsizing,  cost  constraints  have  become  all familiar to those  of 

use  involved health  care.  Importantly,  given  the  expense  of  these  assays,  the  decision  by 

011 the  assay’s  perfortnar1ce.  but 011 the assay’s  impact on patieru  matlagelllent.  This  final  issue 

surrounding  the  cost of amplification  assays,  the  cost,  have  just  begun to be examined.  ConIy  and 

coworkers (42) at Toronto  Hospital perrimed a  cost  effective  analysis orthree diagnostic 

strategies  for  MTB.  Following  routine  decontamination  and  concentration  procedures, 

conventional  mycobacteriology  methods  for  culture  and  identification,  i.e.  smear.  BACTEC 

culture.  and NAP test  for  identification of MTB, were  compared to results of either 1) a 

BACTEC  culture  with  nucleic  acid  hybridization  for  identification, or 2) PCR  using  Roche’s 

AMPLICOR  assay AFB  smear-positive  specimens, or PCR  using  Roche‘s  AMPLICOR 

assay on AFB  stnear-negative  and  -positive  specimens to determine the  costs  per  isolation  day 

prevented. number of parameters  were  included  in  their  model  such as isolation  costs,  the 

number of days  to  the fist positive  culture,  number of admissions  per  month  with a positive  AFB 

smear,  and  number of days  in  isolation.  Based on their  model,  they  detennined  that  the  use of 

AMPLICOR smear-positive  specimens  was  the  most  cost-effective  strategy.  However,  the 

authors  cautioned  that  varying  volumes  and  the  need  for  isolation  can  dramatically  alter  the  cost 

per  isolation  day.  Another  study  by  Fraser  and (43) examined  the  impact of amplification 

the  diagnosis of tuberculosis  in six smear-negative  patients  diagnosed  with  tuberculosis.  Of 

these 6 patients, 2 were  culture  and  PCR  positive  for  MTB,  one was culture-positive  but  PCR- 

negative  for  MTB,  while patients  were  culture-  and  PCR-negative  for MTB. Two ofthese 13 

patients  suffered  a  significant  delay in diagnosis  with  the  requirement  for  invasive  and  costly 

ulvestigatiors yet only  one  was  positive  by  PCR.  Based these  findings, no cost  benefit  was 

demonstrated  Keep  in  tnind,  however,  that  the  number of stnear-negative  specimens in this  study 

was snlall and  that 50% of these  patients  were  treated  empirically  following  the  clinical 

evaluation. 

a  result,  a  clitucal  microbiologist  is  faced  with  enonnous  pressures to provide  Inore 

rapid  diagnosis  of  mycobacterial  irlfections  yet  exercise  Cost  restraints.  It  behooves  all of us in 

these  tunes to seriously  consider  both  the  fulancial  and  clinical  impact  ofthese  assays  before 

implementing  any of these  assays.  Importantly,  each  laboratory  faces  a  different  set of 

circunstsulces  and  must  therefore  wrestle  with  issues  such as appropriate  utilizatioll  and  Cost- 

. effectiveness  when  considering  use ofthe new  assays  to  diagnose iMycobacterium tuberculosis 
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infections. If one is be  involved in the  laboratory  diagnosis of mycobacterial  infections,  one 

must take  into  consideration  the  numerous  factors  including  the  sensitivity,  specificity,  clinical 

utility. prevalence,  cost  and  resource  prior choosing  a  strategy,  particularly as the  new 

molecular  diagnostic  methods  are  introduced  illto  the  marketplace.  In  light of  the  resurgence of 

tuberculosis,  there is an  immediate  mandate  for  all of us re-examine our present  practices in the 

mycobacterial  laboratory  with  a  focus  on  improving  our  methods’  sensitivity  and  decreasing  our 

turn-around  time as much as your  resources  in  time,  monies,  and  personnel  will  allow. 

FORBES 

The  resurgence of tuberculosis in  the  United States  and  its  subsequent  control is a major 

challenge for all of us  involved  in  health  care.  This  challenge has resulted  in  an  explosion of 

promising,  creative  and  new  methodologies to afford  better  diagnostic  laboratory  methods.  These 

efforts  encompass  a  variety of alternatives;  the  list of which  will  continue  to grow and  demand 

continued  re-evaluation of our laboratory  practices  in  the  mycobacteriology  laboratory. 

Nevertheless,  these  are  exciting  times  because of the  promise  that  many of these  new  methods 

hold  for  the  rapid  diagnosis of mycobacterial  infections. 
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Neurologic Syndromes in North American Lyme  Disease 

Early characteristic syndromes "aseptic" meningitis,meningoencephaliis 
cranial nerve  palsy(esp uni or bilateral facial 

nerve  palsy) 
radiculoneuritis 

Early unusual syndromes headache  and  stiff  neck  with normal CSF 
confusional state 
transient ischemic attack-like episodes 

Late characteristic syndromes encephalopathy 
sensorimotor polyradiculoneuropathy 

l 

(children,  adolescents) l 

intracranial hypertension  syndrome ' Late unusual syndromes 

encephalomyelitis, meningoencephalomyelitis 

psychiatric  syndrome 
- vasculitis 

myositis 
persistent  headache  with multisystem complaints 

Human Spirochetal Infections which  involve the nervous system 

Flexible helical bacteria 

Genera 
with endoflagellum 

Treponema 
Leptospira 
Borrelia 

Neurologic infections occur  with 
Treponema pallidurn (syphilis) 
Leptospira interrogans 
(leptospirosis) 

Borrelia recurrentis 
and  other  species(re1apsing 

fever) 
B.burgdorferi (Lyme  disease) 

Shared properties include 
Skin  or mucous 

membrane entry sites 
Early spirochetemia 
Wide dissemination 
Chronic infection with 

Protean disease 
episodic clinical disease 

I I syndromes I1 

rabbit  serum  added to commercial  tissue  culture  medium (1 is  a 

recent  modified  medium  which  does not  contain  gelatin or agarose, and  which  uses 

different  optimized  proportions of the ingredients  (18). I t  is  typical  for 

spirochetes to take  several  weeks to grow to sufficient  densities to be visualized. 

Spirochetes  tend to grow  in  aggregates early on, but  can  also  be  visualized to swim 

free  in  the  medium. 

The  organism  divides  by transverse  fission  every  8 12 hours in vitro. In vivo, 

division  may be  even slower. Spirochete  ultrastructure  consists of an  outer  surface 

membrane,  a  periplasmic  space  containing 7 to 11 flagella,  a  peptidoglycan  cell  wall, 

and a  trilaminar  cytoplasmic membrane (1 9). In addition to one  linear  chromosome  of 
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950  kB  (20,21),  6.burgdorferi  contains  extrachromosomal  double  stranded  DNA in the 

form  of  supercoiled  circular  plasmids  and  linear  plasmids.  Anywhere  from  4 to 10 

distinct  plasmids  have  been  observed in various  B.burgdorferi  isolates  (22).  Virulent 

strains  of  B.burgdorferiusually  have  a  larger  number  of  plasmids  than  avirulent  strains. 

The  chromosomal  and  extrachromosomal  DNA  code  for  a  number  of  proteins. 

More  than  100  polypeptides  are  distinguishable in a  protein  analysis  of Bhrgdorferi. 

There  are  constant  major  proteins  which  are  not  unique to B.burgdorferi,  such  as  the 

p41 flagellin (shared  by  other  spirochetes)  and  the p58430  heat  shock  protein. 

B.burgdorferi  contains  additional  p66  and  68,  and  p71  and  73  heat  shock  proteins, all 

of  which  are  also  not  unique to the  organism.  These  constant  but  nonspecific  proteins 

cause  serologic  cross-reactivity.  There  are  also  variable  major  proteins  which  are 

unique to Bhrgdorferi. These  include  the  plasmid-coded  outer  surface  lipoproteins 

(Osp):  the  31  kilodalton  (kD)  OspA;  the  34  kD  OspB;  and  the  21-24  kD  OspC.  Other 

Osp  proteins  include  OspD,  OspE,  and  OspF.  B.burgdorferi  apparently  also  contains 

lipopolysaccharides  with  mitogenic  and  pyrogenic  properties.  Other  important  proteins 

are  a  unique  p39  lipoprotein,  and  a  unique  p93  protein  which  appears to be  a 

protoplasmic  cylinder  antigen.  Isolates  of  B.burgdorferi  show  heterogeneity  with  regard 

to their DNA,  plasmids,  and  variable  proteins  (23-27).  The  genospecies  complex  of 

B.burgdorferi  sensu  lato  has  been  divided  into  more  than 4 distinct  genospecies: 

B.burgdorferisensu  stricto  (most  North  American  isolates),  Borrelia  garinii,  Borrelia 

akelii,  Borrelia  japonica,  and  other  additional  strains  which  do  not fit into  any  of  the 

specified  genospecies  (28-30).  Ixodes  ticks  can  be  infected  simultaneously  with 

multiple  strains  of  6.burgdorferi.  Preliminary  data  suggests  that  different  species  cause 

different clinical disease  patterns. 

B.burgdorferi is believed to be  an  extracellular  organism.  Spirochetes  readily 

adhere to and  penetrate  endothelial cells. In fact  they  can  adhere to'a number  of 

different cell types,  including glial cells,  with  attachment  mediated  by  surface-exposed 

proteoglycans  (31). In vitro  B.burgdorferi  invades  fibroblasts to cause  intracellular 

infection  (32).  The  issue  of  whether B.burgdorferi in vivo  causes  intracellular  infection 

is an  important  one  that  has  therapeutic  implications.  Although  numbers  are  small, 

there  have  been  documented  late  isolations  of  B.burgdorferi  from  skin,  cerebrospinal 

fluid (CSF),  synovial  tissue,  flexor  retinaculum,  eye,  myocardium,  blood,  and  synovial 

fluid weeks to years  after initial infection  despite  evidence  for  a  host  immune  response 

(33).  The ability of  viable  spirochetes to persist  inside  a  cell,  protected  from 

extracellular  antibiotics, is directly  pertinent to the  question  of  chronic  infection. 
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Current  Laboratory  Diagnosis of Lyme Disease 

Blood  studies 
-anti-B.burg&rferi  antibodies  (ELISA, Western blot) 
-non-specific  tests 
-tests to exclude other diagnoses 
-cell proliferation  studies 

CSF studies 
-intrathecal production 
-cell count 
-protein 
glucose 

-other tests (oligoclonal bands, IgG index,  myelin  basic  protein,  etc.) 
-experimental tests (antigen, PCR, culture, Bonelid immune complexes,  specific IgM) 

-VDRL 

Ancillaw studies 
-neuroimaging (MRI preferred) 
-neurophysiologic  (nerve  conductions),  evoked  potentials, EMGs) 
-neuropsychologic  testing 
-angiography or MR angiography 

-synovial  fluid  studies 
-tissue  biopsy  (culture, PCR, histology) 

-EKG 

Causes of lnccurate Lyme Serology (anti-Bburgdorferl antibodies) 

False Dositives 
early  infection  other  infections  (spirochetal, bacterial, 

False neaatives 

rickettsial, HIV-1,EBV) 

B cell activation) 

early  antibiotics  with  blunted humoral 
hypergammaglobulinemia (polyclonal 

diseases with high  autoantibody  levels 

response 
assay  variability 

(40,41). 
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TABLE VI 

' 

P21-24 (outer C) 
P39 
P41 

P1 8 
P21 
P28 
P30 
P39 
P4 l 
P45 
P58 
P66 
P93 

appear to give  a  higher  yield in clinical  samples  than  genomic  primers (49). The  level  of 

resolution  of  PCR  can  approach  detection  of  a  single  spirochete in a clinical specimen. 

PCR  assays  for  Lyme  disease  have  not  yet  been  standardized to the  extent  that  they 

are in routine  use.  Protocols  and  primers  optimized  for  sensitivity  and  specificity  have 

not  been  determined.  Although  PCR  can  be  extremely  sensitive in infectious  diseases, 

PCR applied to CSF in neurologic Lyme  disease  cases  has  shown  sensitivity  well 

below 100%. It is also  recognized  that  false  positive  test  results  can  occur  with  minimal 

contamination.  This  requires  that  the  performing  laboratory  must  be  scrupulous in 

techniques to avoid  low  level  contamination. 

PCR detection  of B.burgdotferi DNA  does  not  indicate  viable  organisms. 

However,  studies  to  date  suggest  that  PCR  positivity  clears  with  effective  antibiotic 

treatment (50). 

TECHNIQUES IN DEVELOPMENT 

ImDroved seroloaic  assavs 

ELISA  assays  are  more  cost  effective,  efficient,  and  labor  intensive  for 

diagnostic  screening  purposes  than  Western  blot  assays.  Subunit,  whole,  and  chimeric 
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(indirect  ELISA) 

I recombinant OspB 
(indirect ELISA) 

CSF  IgM  Reactivity  to 8.burgdorfen in Early 
Neurologic Lyme Disease (LD) 

EM 

(N-7) 
O - ~ W ~ S  

3(43%) 

3(43%) 

Early LD 
(N=16) 

I1(20%)  I2(100%) 

1(50%)  1(20%)  2(100%) 

Ihronic (N=13) LD 1;: (N=19) 

3(23%) 

recombinant OspC 

whole  cell B. 
burgdorferi proteins 
(indirect ELISA) 

4(57%) 

316 
(50%) 

I whole  cell B. 
buradorferi oroteins 

I (antibody  capture) 
EM = erythema  mygrans 

~~ 

3(43%) 011 2 311 2(25%) 2(100%) 2(40%)  1(50%) 

OND = other  neurologic  diseases 

(51,52). 

Bburgdorferi, 

(53-55). 

8,burgdorferi 

(56-61). 
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CSF OspA Antigen  Capture  ELISA 

Reagents: Mab 184.1, IgGZb,  recognized  epltope  AA61;  PAb rabbit  IgG,  recognizes 
B31  strain  whole  cell  preparation 

Detection  limits: 0.03 nanograms 

Specificity: Q9.3% (4/520 OND, including 37 CNS Infection  control) 

Sensitivny: 
- 100% Lyme  radlculoneuritis 
- 60% Lyme  menlngltis 
- 47% Lyme  facial  nerve  palsy 
- 36% multifocal EM with  headache 
- 24% EM with  headache 

Confirmatory  tests: 
- 61'6 culture + - 7l7 PCR + 
- -50% Western  blot + 

Bburgdoderi 

(62-65). 

VIII) (66,67). 

B.butgdorfen 

Bburgdoderi 
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TABLE I 

Streptococcal  Infections  Associated with Strep TSS 

necrotizing  fasciitis 

2. myonecrosis 

3. pneumonia 

4. septic  joint 

5. peritonitis 

6. sinusitis 

7. epiglottitis 

8. meningitis 

9. cellulitis 

10. pharyngitis  (rare) 

50% 

> 2.5 
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TABLE I1 

Complications Group Streptococcal 

Soft-Tissue  Infection 

COMPLICATION 

ARDS 

Renal  impairment 

Irreversible 

Reversible 

Bacteremia 

Mortality 

PERCENTAGE OF PATIENTS 

55 

10 
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DIAGNOSIS OF  CHLAMYDIAL  INFECTION  IN  THE  PEDIATRIC  POPULATION 
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ABSTRACT 

trachomatis  and  C.  pneumoniae  are  important  human  pathogens.  Both  organisms 
The  genus  Chlamydia now contains 4 species,  2  of  which,  Chlamydia 

unique set of  problems.  As C. trachomatis  is  primarily  a  sexually  transmitted 
cause  infections in  children  and  adults,  but  infection  in  children  pose  a 

disease,  the  presence of  rectal  or  genital  infection  in a prepubertal  child 
has  been  used  as  evidence  of  sexual  abuse.  Although  there  are  several 
categories  of  non-culture tests  tht  have  been  approved  for  enital  sites  in 
adults,  these  tests  are  not  approved  for  these  sites  in  chifdren.  Of  these 
tests in  rectal  and va inal  specimens in children  have  been  associated  with  a 
high  rate  of  false  posftives.  C.  pneumoniae  is  emerging  as  a  frequent  cause 

not  generally available,  serologic diagnosis is  used  more frequently. 
of  community acquired  pneumonia  in adults  and children. Because  culture  is 

However,  currently  available  serologic  methods  appear  to  be  insensitive  in 
children.  The  availability of a commercial  PCR  test  will  greatly  facilitate 
the  diagnosis of C.  pneumoniae  infections  in  children. 

INTRODUCTION 

The  genus  Chlamydia  is  a  group of obligate  intracellular  parasites  with 

a unique  developmental  cycle  with  morphologically  distinct  infectious  and 

reproductive  forms.  All  members of the  genus  have  a  Gram-negative  envelope 

without  peptidoglycan,  share  a  genus-specific  lipopolysaccharide  antigen,  and' 

utilize host adenosine  triphosphate  (ATP)  for  the  synthesis  for  Chlamydial 

protein (1). The chlamydial  developmental  cycle  involves an  infectious, 

metabolically  inactive  extracellular  form  (elementary  body)  and  a 

noninfectious,  metabolically  active  intracellular  form  (reticulate body). 

Elementary  bodies,  which  are 200 to 400 nm in  diameter,  attach  to  the  host 

cell  by  a  process of electrostatic  binding  and  are  taken  into  the  cell  by 

endocytosis  that  is not dependent on the  microtubule  system.  Within  the  host 

cell, the  elementary  body  remains  within  a  membrane-lined  phagosome.  Fusion 

of  the  phagosome  with  the host cell  lysosome  does  not  occur.  The  elementary 

bodies  then  differentiate  into  reticulate  bodies  that  undergo  binary  fission. 

After  approximately 36 hours  the  reticulate  bodies  differentiate  into 

elementary  bodies.  At  about 48 hours, release  may  occur  by  cytoloysis  or  by  a 

process  of  exocytosis  or  extrusion of the  whole  inclusion,  leaving  the  host 
cell  intact (1). 

The  genus  now  contains  four  species,  Chlamydia  trachomatis,  Chlamydia 

psittaci,  Chlamydia  pneumoniae (WAR strain)  and  Chlamydia  pecorum.  The  first 
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152 HAMMERSCHLAG 

three  species  are  capable of causing  infection in humans. C. pecorum  was 

recently  speciated  off from C. psfttaci  and  infects  cattle and sheep,  human 

infection  has  not as yet  been  described (2). The  routes of transmission, 

susceptible  populations,  and  clinical  presentations  differ  markedly  for the 
three  species  that  cause  infection  in  humans. 

Most  chlamydial  infections  in  children are due to C. trachomatfs or C. 
pneumoniae. C. trachomatis  infection is acquired  perinatally  by  infants 
during  partuition (3). Approximately 50 to 70% of infants  born to chlamydia- 

infected women will  become  infected at  one or  more  anatomic  sites,  including 

the  conjunctiva,  nasopharynx  rectum  and  vagina.  Clinically,  infants  will 
develop  conjunctivitis and/or pneumonia.  The  nasopharynx  is the most 

frequently  infected  site,  most  infections are asymptomatic  and  may  persist for 

at least  3  years.  Rectal  and  vaginal  infections are usually  asymptomatic and 

may  also  persist  for at least 3  years.  Rectal  and  vaginal  infection in older 

children may also  be  acquired  through  sexual  abuse. 

as  well as adults.  Transmission is thought to be person-to-person through 
infected  respiratory  droplets.  Preliminary  studies  suggest  that C. pneumoniae 

may  be  responsible  for 8 to 15% of community-acquired  pneumonia children 

over 6 mos of age (4). 

C. pneumoniae is emerging  as a common  respiratory  pathogen  in  children 

DIAGNOSIS  OF C. TRACHOUATIS INFECTIONS  IN  CHILDREN 

The  "gold  standard" is isolation by culture of C. trachomatis  from the 

conjunctiva,  nasopharynx,  vagina  or  rectum.  Chlamydia  culture  has been 

further  defined  by  the  Centers for Disease  Control as isolation  of  the 

organism  in  tissue  culture  and  confirmation by microscopic  identification of 
the characteristic  inclusions  by  fluorescent  antibody  staining (5). Several 

nonculture  methods  have  FDA  approval for diagnosis of chlamydial 

conjunctivitis.  They  include  enzyme  immunoassays (EIA), specifically 

Chlamydiazyme  (Abbott  Diagnosistics,  North  Chicago, IL), Pathfinder  (Sanofi- 
Pasteur,  Chaska, MN) and SureCell  (Kodak,  Rochester, NY) and  direct 

fluorescent  antibody  tests (DFA) including S p a  MIcroTrak  (Genetic  Systems, 

Seattle,  WA)  and  Pathfinder  (Sanofi-Pasteur,  Chaska, MN). These  tests  appear 

to perform very well  with  conjunctival  specimens  with  sensitivities 2 90% and 

specificities 2 95% compared  to  culture (3). Unfortunately, the performance 

with  nasopharyngeal  specimens has not been as good  with  sensitivities  ranging 

from >YO% in  infants  with  pneumonia to 33%  to 87% in  nasopharyngeal  specimens 

in  infants  with  conjunctivitis.  The  commercially  available DNA probe,  Pace  I1 

(GenProbe,  San Diego, CA) has FDA approval only  for cervical and urethral 

sites  in adults, where  its  performance  has  been  similar to  most of the 

approved  EIAs  available. It does  not  have  approval for  any site  in  children, 

including the conjunctiva,  vagina or  rectum. The  recently  approved  polymerase 

chain  reaction (PCR) assay,  Amplicor  (Roche  Molecular  Systems,  Branchburg, 

NJ), also has  approval  only  for  genital  sites  in  adults.  However,  preliminary 

data suggest  that  PCR is equivalent to culture  for  detection  of C. trachomatfs 

in the  conjunctiva  and  possibly  superior to culture  for  detection of the 

organism in nasopharyngeal  specimens (6). 
Nonculture  tests  should  never be used  for  rectal or vaginal  sites in 

children, or  for any forensic  purposes in adolscents an adults.  This is 

stated  clearly in the  1993  Chlamydia  Guidelines  and the 1993 STD Treatment 
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Guidelines Use  of  these  tests  for  vaginal  and  rectal  specimens has 

been  associated  with a large  number  of  false  positive  test  (8,9,10).  Fecal 

material can give  false-positive  reactions  with  any EIA; none  are  approved  for 

this  site  in  adults.  Common  bowel  organisms,  including E .  coli, Proteus  ssp., 

vaginal  organisms  such  as  Group B Streptococcus  and  Cardnerella  vaginalis  and 

even  some  respiratory  flora  such  as  Group A Streptococcus can also  give 

positive  reactions  with  EIAs (10). These types of test  are  best  for  screening 

for  genital  infection  in  adolescents  and  adults  in  high  prevalence  populations 
(prevalence of infection There  are  very  few  reports  on  the  performance 

of the  DNA probe, but  it  appears  to  be  equivalent  to  most  available EIAs, in 

terms  of  sensitivity  and  specificity  compared  to  culture  for  genital 

specimens.  Another  potential  problem  can  occur  with  use  of an EIA  for 

respiratory  specimens.  As  all  of  the  available  EIAs use genus-specific 

antibodies,  if  used  for  respiratory  specimens,  these  tests  will  also  detect C .  

pneumoniae (11). 

Even  though  culture  is  considered  the  gold  standard,  culture  of C .  

trachomatis  is  not  regulated  in  any way, sensitivity  may  vary  from  laboratory 

to  laboratory  (12).  The  methods  used  for  culture  confirmation  became  an  issue 

when  several  large  commercial  laboratories  started  using an EIA  instead  of  FA 

staining  and  visual  identification  of  inclusions  for  culture  confirmation. 

This  has  resulted in at  least  one  "outbreak"  of C .  trachomatis  infection  in 

the  evaluation  of  suspected  sexual  abuse  among  residents  and  staff  of  an 

institution  for  the  mentally  retarded  in  Ohio  in  1990 All  the 

"positive"  cultures,  mostly  rectal  specimens,  were  subsequently  determined to 
be  false-positives  resulting  from  carry  over  of  fecal  material  and  bacteria  in 

the  culture  specimens.  The  major  advantage of culture  is  that  it  is  100% 
specific.  When  cultures  are obtained,for C .  trachomatis  in  the  evaluation  of 

suspected  sexual abuse, one  should  pay  careful  attention  to  the  laboratory 

used.  Unlike  Canada, we  do  not  have a system  of  designated  reference 

laboratories, 

DIAGNOSIS OF C .  PNEUHONIAE INFECTIONS  IN  CHILDREN 

A specific  laboratory  diagnosis  of C .  pneumoniae  infection  can  be  made 
by  isolation of the  organism  from  nasopharyngeal  or  throat swabs, sputa  or 

pleural fluid, if  present.  The  nasopharynx  appears  to  be  the  optimum  site  for 

isolation  of  the  organism ( 4 ) .  The  relative  yield  from  throat  swabs  and 

sputum  is  not  known. 

Initial  studies  suggested  that C .  pneumoniae  was  very  difficult  to 

isolate -in tissue  culture  compared  to C .  trachomatis.  Originally  the  same 

methods  were used,  HeLa  or  McCoy  cells  pretreated  with  dextran  diethyl- 
aminoethyl  (DEAE).  Multiple  passages  were needed, the  inclusions  were  very 

small  and  difficult to see and, in general, the  yield  was  very  poor. C .  

pneumoniae  grows  more  readily in other  cell  lines  derived  from  respiratory 

tisue,  specifically HEp-2 and HL cells Omission  of  pretreatment  with 

dextran  DEAE  results  in  much  larger  inclusions  and  specimens  need  only  be 

passed  once.  Culture  with an initial  inoculation  and  one  passage  should  take 

to days. 

Nasopharyngeal  cultures  can  be  obtained  with Dacron-tipped wire  shafted 

swabs.  Specimens  for  culture  should  be  placed  in  appropriate  transport  media, 

usually a sucrose-phosphate  buffer  with  antibiotics  and  fetal  calf  serum,  and 
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stored  immediately at 4 C for no longer than  24  hours, Viability  decreases if 

specimens  are  held at room  temperature. If the  specimen  cannot  be  processed 

within  24 hours  they  should  be  frozen at -70 C until  culture can be  performed. 
After 72 hours  incubation,  culture  confirmation can be  performed  by  staining 

with  either a C. pneumoniae  species-specific or  a Chlamydia  genus-specific 

(anti-LPS)  fluorescein-conjugated  monoclonal  antibody (15). Inclusions of C. 
pneumoniae  do not  contain glycogen,  thus  will not stain  with iodine. 
Unfortunately, there is limited  availability of commercially  produced C. 

pneumoniae-specific  reagents. If  a genus-specific  antibody is used, C. 

pneumoniae  should be confirmed  by  differential  staining  with a specific C. 
trachomatls  antibody; if  the latter is negative, then the isolate is either C. 
pneumoniae or C. psittaci. If there  was no  avian exposure,  psittacosis  would 

be highly unlikely, 

As isolation of C. pneumoniae  was  difficult  and  initially  limited,  more 

emphasis was placed on serologic  diagnosis. However, performance of the 

microimmunofluorescence (MIF) test is also  limited  to a small  number of 

research  laboratories.  The MIF  was modified  from  the  test  used  for C. 
trachomatls  by  using EBs from TW 183  or  other C. pneumonie  strains  as  the 

antigen.  With  the MIF test  one can detect IgG, IgM  and  IgA  antibodies. 

Grayston  and  colleagues  have  proposed a set of criteria for serologic 

diagnosis of C. pneumoniae  infection  with  the MIF test  that is used by many 

laboratories  and  clinicians.  For  acute  infection  the  patient  should  have a 

four-fold rise  in  IgG  titer, a single  IgM  titer of 1:16 or  greater,  or a 

single  IgG  titer of 1:512 or  higher.  Past  or  pre-existing  infection is 

defined  as an IgG  titer of 1:16  or  higher  but  less  than 1:512.  It was  further 

proposed  that  the  pattern of antibody  response in primary  infection  differed 
from  that seen in  reinfection. In initial  infection,  the  IgM  response  appears 

about  3 weeks  after the  onset of illness  and  the  IgM  response  appears at 6 to 

8  weeks. In reinfection,  the  IgM  response  may  be  absent  and  the  IgG  occurs 

earlier, within  1  t o 2 weeks. A  four-fold titer  rise or  a titer  11:64  with 

the CF test is also  felt to be  diagnostic.  Initially,  Grayston  and  colleagues 

found  that  fewer than one  third of hospitalized  patients  with  suspected C. 
pneumniae infection had detectable CF antibody. However, in a recent  report 
of  a  small outbreak of C. pneumoniae  infections  among  University of Washington 

students, all  seven patients  with  pneumonia had  CF titers of 1:64 or  greater 

(18). The  CF test is genus  specific. 

Because of the  relatively  long  period  until the development  of a 

serologic  response in primary  infection,  the  antibody  response  may  be  missed 

if  convalescent sera are  obtained  too  soon, i.e., earlier than  3 weeks  after 

the  onset of illness. Use  of paired sera also  only  affords a retrospective 

diagnosis, which is of little help in  terms of deciding how to  treat  the 
patient. The  criteria  for use of a single  serum  sample  have  not been 

correlated  with  the  results of culture  and  are  based  mainly on data  from 

adults.  The  antibody  response  in  acute  infection  may  take  longer than  3 

months  to  develop.  Acute,  culture-documented  infection can also  occur  without 

seroconversion,  especially  in  children (4,19,20). Only  28% of the culture- 

positive children enrolled  in  the  multicenter  pneumonia  treatment  study met 

the  serologic  criteria for acute  infection; most had no  detectable  antibody by 

the KIF test  even  after  3  months of followup (4). However,  the  results of 

imunoblotting revealed  that  these  children  have  antibody to a number of C. 
pneumoniae  proteins  but that fewer than 30%  react  with the major  outer 
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membrane  protein  (MOMP),  which  is  the  antigen  presented  in  the  MIF  test  (21). 

Although  the  MOMP  has  been  demonstrated  to  be  immunodominant  in C trachomatis 

infection,  it  does  not  appear  to  be  for C .  pneumoniae  (22,23). 

Direct  detection  of C. pneumoniae  EBs  in  clinical  specimens  by 

fluorescent  antibody  stains  is  sometimes  possible,  but  is  insensitive  and 

frequently  nonspecific (17). There  are  also  no  commercially  available 

reagents  that  have  been  evaluated  or  approved  for  this  purpose.  All  the 

currently  available  chlamydial  EIAs  will  detect C. pneumoniae  as  well  as C.  

trachomatis  since  they  use  polyclonal  or  genus-specific  monoclonal  antibodies. 

However, there  are  few  data on the  use  of  these  assays  in  this  setting  and 

data  that  are  available  also  suggest  that  EIAs  are  insensitive  for  detection 

of C. pneumoniae  in  respiratory  specimens.  Chirgwin  et a1 (19)  obtained 

nasopharyngeal  from 91 patients  with  pneumonia  for  testing  with  Chlamydiazyme. 

Although  there  were  no  false  positives,  the  EIA  detected  only 2 of  15 (15%) 

patients  who  were  culture  positive  for C. pneumoniae. 

The  number of C .  pneumoniae  organisms  present  in  the  respiratory  tract 

of individuals  with  pneumonia  or  other  respiratory  disease  are  fewer  than  the 

number  found  in  genital C. trachomatis  infection.  DNA  amplification  methods, 

e.g., PCR, appears  to  be  the  most  promising  technology  in  the  development of a 

rapid, nonculture  method  for  detection  of C .  pneumoniae.  Although  there  are 

no  commercially  available kits, several  investigators  have  evaluated  in-house 

PCRs. In general,  PCR  appears  to  be  at  least  as  sensitive  as  culture  for 

detecting C. pneumoniae  in  throat  and  nasopharyngeal  specimens  (24-27). 
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ABSTRACT 

For many  years,  isolation  in  tissue  culture  (TC)  was  considered  the  test  of  choice  for 
diagnosis  of Chlamydia frachomafis infection.  Non-culture  tests,  such  as  direct  fluorescent 
antibody  (DFA)  and  enzyme  immunoassay  (EIA)  which  detected  chlamydial  antigens  in  clinical 
specimens,  made  chlamydia  diagnostic  tests  more  widely  available.  DFA  and  EIA  were  less 
sensitive  than  TC  and  had  some  false  positive  results  which  compromised our ability to use  these 
tests  in  low  prevalence  settings. 

Direct  nucleic  acid  probes  are  available,  but do not  appear to  be  more  sensitive  than  EIA. 
It was  only  with  the  introduction  of  amplified  DNA  tests  [polymerase  chain  reaction (PCR) and 
ligase  chain  reaction  (LCR)]  that  non-culture  tests  became  available  that  were  actually  more 
sensitive  than TC. Unfortunately  these  tests  are  also  more  expensive  than  the  antigen  detection 
methods.  Until  there is a  fairly  sophisticated  cost  benefit  analysis a  change  in  the  pricing  of 
these  tests,  it  seems  obvious  that  TC  will  remain  the  best  choice  where  medical/legal 
implications are important,  DFA  will  probably  remain  a  widely  used  tests for laboratories  that 
process  relatively  small  numbers  of  specimens  and  EIAs  will  play  a  role  where  cost  is  major 
factor  and  large  numbers  of  specimens  require  bulk  processing.  Where  they  are  affordable,  the 
amplified  DNA  tests  are  to  be  preferred  as  they  are  far  more  sensitive  than  these  other  non- 
culture  tests. 

INTRODUCTION 
Choice  of  which  diagnostic  test  for Chlamydia frachomatis infection  will  be  used  by  a 

specific  laboratory  depends  on  more  than  the  performance  profile  of  the  particular  test  in 

question.  Cost,  of  course,  is  an  issue.  The  population  which  is  being  tested  will  factor  into  the 

final  decision,  and  the  volume  of  tests to be  processed  by  the  laboratory  will  also  be  a  factor. 

The  oldest  diagnostic  test  for  chlamydial  infection  is  the  Giemsa  stain.  This  method  of 

demonstrating  inclusions in infected  epithelial  cells  was  used  for 50 years  before  the  trachoma 

organism  was  isolated.  This  is  a  procedure  which  is  not  recommended  for  routine  use on genital 
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tract  specimens.  The  problems  are  sensitivity  and  adequate  specimen  collection,  as  the 

specimens  must  contain  a  large  number  (thousands)  of  epithelial  cells.  Evaluation  of  a  single 

slide  is  quite  time  consuming,  and  this  procedure  has  been  shown  to  be  of  poor  sensitivity  in 

detecting  chlamydial  infection  of  the  male  urethra,  being  positive  in  only 15% of  culture  proven 

infections.  The  only  place  where  the  Giemsa  stain  can be regularly  recommended  is  in  acute  and 

severe  inclusion  conjunctivitis,  of  the  newborn,  where  the  infections  are  accompanied by large 

amounts  of  agent  and  inclusions  are  usually  easily  found. 

Fluorescein-conjugated  monoclonal  antibodies  directed  against  a  species-specific  epitope 

of Chlamydia  frachomafis are  commercially  available.")  The  antibodies  directed  against  the 

species-specific  epitope  on  the.major  outer  membrane  protein  (MOMP)  are  preferred  over  the 

genus-specific  LPS  target.  The  quality  of  fluorescence  appears  more  homogenous  and  intense 

with  the  antibodies  against  MOMP,  which  is  a  dominant  protein  in  the  outer  membrane  of  the 

organism,  evenly  distributed  across  it's  surface.  The  DFA  (direct  fluorescent  antibody)  test 

stains  elementary  bodies  in  epithelial  cell  scrapings  from  infected  sites.  DFA  is  less  sensitive 

than  culture  in  detecting  chlamydial  infection  but  is  a  relatively  specific  test.  The  procedure 

seems  best  suited  for  use  in  high  risk  populations,  and  where  culture  is  not  available. 

Enzyme  immunoassay  (EIA)  for  detection  of  chlamydial  antigen  in  clinical  specimens  is 

also  available.'')  This  test  appears  to  have  a  similar  sensitivitylspecificity  profile  as  the 

fluorescent  antibody  test.  The  test  will  probably  be  best  aimed  at  the  same  populations  (high 

prevalence  settings  where  culture  is  not  available). 

These  two  non-culture  methods  each  have  advantages  and  disadvantages.  They  require 

special  equipment  (spectrophotometer or FA  microscope).  Experienced  microscopists  are 

required  for  the  FA,  procedure,  EIA  is  more  suitable  for  batching  and  FA  is  more  convenient 

for  testing  small  numbers  of  specimens  and  is  faster.  Neither  requires  rigorous  maintenance  of 

a  cold  chain  for  specimen  shipment  and  both  provide  results  faster  than  culture. 

Since  their  introduction  these  tests  have  been  improved.  The  sensitivity  for  cervical 

infection  is  about 75 - 80% (lower  for  the  male  urethra)  and  specificity  about 98% for  detecting 

chlamydiae.  Blocking  tests  to  confirm  positive  reactions  can  improve  EIA  specificity  to > 99%, 

thus  making  screening  of  lower  prevalence  populations  more fea~ible.'~) 

The  direct  gene  probe  is  a  more  recent  product  test. It has  not  been  as  well  evaluated, 

but  the  perfonnance  seems  to  be  similar  to  the  EIAs."  The 1 - 2% false  positive  rate  seen  with 

DFA  procedures  precludes  their  use  in  screening  low-prevalence  populations.  EIAs  with 

confirmatory  tests,  which  result  in  specificities  of 99.7% or greater  will  provide a high  enough 

predictive  value  for  results  to  be  accepted  in  the  low-prevalence  setting. 

Amplified  DNA  probe  technology,  exemplified  by  PCR  and  LCR,  is  the  newest 

technology  coming  to  market.  PCR  appears  to  be  very  sensitive  in  diagnosing  chlamydial 

infection  of  the  male  urethra  and  in  detecting  chlamydial  genes  in  male  urine  specimens,  but 
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appears  to  be  less  sensitive in diagnosis  of  cervical  infection  due to  inhibitors in the 

 specimen^.(^.^) LCR  technology  is  now  commercially  available. It appears to  be  less  susceptible 

to  inhibitors  and  is  thus  slightly  more  sensitive  than PCR.‘”’)  Both  of  these  tests can  be  applied 

for detection  of  chlamydial  nucleic  acid  in  first  catch  urine  specimens  from  men  and  from 

women.  If  this  is  borne  out  with  subsequent  experience,  this  may  well  revolutionize  chlamydial 

diagnostics  by  allowing for non-invasive  screening  programs  to  form  the  basis  of  chlamydia 

control  programs. 

PCR  and  LCR are  the  first  commercially  available  tests  that  are  more  sensitive  than 

isolation  in  cell  culture  in  the  hands  of  expert  laboratories.  All  previous  tests  were  less  sensitive 

than  isolation.  It  should  be  noted  that  the  sensitivity  of  tissue  culture  systems  vary  dramatically 

but  it  would  seem,  predictably,  that  the  technically  less  demanding  PCR  and  LCR  tests  perform 

in  a  similar  manner  in  different  types  of  laboratory  settings. 

All  of  these  tests  take  time to perform  and  the  results  are  seldom  available  for  at  least 

another  day.  The  current  generation  of  rapid  (patient  side,  or  point  of  care)  diagnostic  tests  is 

not  recommended  because  of  shortcomings in either  sensitivity specificity. 

SEROLOGY 

It  should  be  noted  that  there  are  no  serologic  tests  recommended  for  routine  diagnosis 

of  genital  tract  infection  with C. truchomutis, although  sensitive  and  specific  tests to measure 

antichlamydial  antibodies  are  available.(I0! 

ISOLATION  PROCEDURES 
Isolation the  agent  from  a  patient’s  tissue  has  long  been  considered  the  definitive 

test.(’l)  However, it  is  not 100% sensitive,  but  only  amplified  DNA  assays  are  more  sensitive. 

Culture  misses can result  from  sampling  variation  and  poor  specimen  handling. 

A  number  of  tissue  culture  isolation  procedures  have  been  developed.  The  initial 

procedure  involved  irradiated  McCoy  cells.  The  irradiation  procedure  has  been  supplanted  by 

treatment of the  cell  monolayer  with  antimetabolites  which  provide  the  chlamydia  some 

competitive  advantage  and  allow  higher  infection  rates.,  The  basic  step,  crucial to  all  the 

isolation  procedures, the  centrifugation the  inoculum  into  the  tissue  culture  monolayer.  The 

cells  are  grown  on  coverslips  which  are  inoculated,  incubated at 35°C  for 48-72 hours,  and  then 

stained  by  either  Giemsa,  iodine fluorescent  antibody  procedures,  and  then  examined 

microscopically  for  inclusions. 

The  method  of  choice  uses  cycloheximide-treated  McCoy  cells.  There  is  nothing  unique 

about  the  McCoy  cells,  since BHK-21 and  other  cells  have  been  shown  to  be  susceptible  to 

chlamydial  infections.  Some  workers  with  long  experience  in  this  particular  system  have  used 

DEAE-treated  HeLa  cells  quite  successfully. 
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The  most  sensitive  isolation  procedure  involves  inoculation  of  clinical  specimens  into 1 

dram  vials,  a  blind  passage,  and  the  use  of  fluorescent  antibodies to  stain  the  inclusions. 

THE GOLD STANDARD CHANGES - AND SO DO THE TESTS 
It should  be  noted  that  the  gold  standard for evaluating  chlamydia  diagnostic  tests  has 

changed  over  the  past - 15'years.  Initially,  isolation  in  cell  culture  was  considered  to  be  the 

gold  standard,  but  it  was  soon  recognized  that  some  specimens  that  were  EIA  and  DFA  positive 

were  culture  negative.  Culture  in  most  expert  laboratories  is  about 75 - 85% sensitive.  EIA 

and  DFA  procedures  are  less  sensitive  than  culture  with  the  typical  result  being on the  order  of 

75 - 80% for cervical  specimens  and 60 - 70% for  specimens  from  the  male  urethra.  These 

tests,  in  general,  are  much  less  sensitive  than  culture  although  some  of  the  more  recently 

introduced  EIAs  approach  sensitivity  of TC. 

Cell  culture  is  still  a  specialized  procedure  that  is  typically  performed  in  the  context  of 

research  studies  and  is  obviously  more  sensitive  that  EIA or DFA.  In fact, until  the  introduction 

of  amplified  DNA  technologies,  TC  was  clearly  the  most  sensitive  procedure  available.  Thus, 

it  was  relatively  easy to make  recommendations  as  to  which  tests to use. For optimal  sensitivity 

in  the  past  culture  was  the  test  of  choice - DFA  was  best  suited  for  low  volume  laboratories  and 

moderate to high-prevalence  settings  while  the  EIAs  were  reasonable  choices for use in moderate 

to high-prevalence  populations.  With  use  of  confirmatory  tests  EIA  could  be  extended to low- 

prevalence  populations  with  high  volume  laboratories  where  batch  processing  was  possible.  The 

number  of  control  specimens  required  for  EIAs  made  them  impractical  and  too  expensive  for 

use  in  a  low  volume  laboratory. 

The  introduction  of  direct  DNA  probes  really  did  not  change  the  approaches to diagnosis. 

There  is  only  one  commercially  available  test  that  is  quite  specific,  but  seems  no  more  sensitive 

than  the  EIAs. 

The  introduction  of  amplified  DNA  technology  has  really  placed  laboratory  workers  in 

an awkward  position.  These'tests  are  far  more  expensive  than  EIA  and  DFA,  but  they  are also 

far more  sensitive,  Their  specificity  is  very  high  and  there  is  no  need for confirmatory  tests  as 

the  specificity  is on the  order  of 99.8% or greater  and  thus  the  predictive  value of a  positive 

result  will  be  very  high  in  all  settings  where  screening  could  be  practically  considered. It  is 

clear  that  these  tests  are  more  sensitive  than  culture  and  indeed  in  comparative  evaluations  (for 

those  specimens  where  inhibitors  are  not  a  problem)  the  LCR  and  PCR  tests  have  generated 25 - 
more  positive  results  than  were  obtained  by  culture.  Predictably,  that  increment is even 

higher  when  these  tests  are  compared to antigen  detection  methods. 

Thus,  there  is  a  trade-off.  It  costs  more  money  to  use  PCR  and  LCR,  but  the  yield  is 

greater.  These  tests  are,  however,  not  perfect,  Even  in  the  best  of  settings  approximately 5 %  

of  specimens are culture  positive  and  negative  by  amplified  DNA  tests.  This  is  likely  due to  the 
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presence  of  inhibitors  in  at  least  some  of  those  falsely  negative  specimens.  Thus,  if  one  is in 

a  situation  where  it  is  important  to  identify  as  many  inrected  individuals  as  possible,  the 

laboratory  must  use an amplified  DNA  test  plus  culture.  The  amplified  DNA  tests are, by far, 

the  tests  of  choice  from  all  technical  considerations  but  it  is  likely  the  EIAs  will  still  continue 

to  be  used in some  settings  because  they  are  far  less  expensive. 

Another  factor  in  the  decision  of  which  test to use  will  be  which  specimens  are  to  be 

processed.  One  major  advantage  promised  by  the  amplified  DNA  test  is  their  ability to detect 

chlamydial  genes  in  urine  specimens.  This  test  is  more  sensitive  than  culture  for  cervical 

specimens  and  LCR on  urine  will  generate  at  least  as  many  positive  results  as  LCR on cervical 

swabs  will  in  women,  and  urine  PCR  and  LCR  will  yield  more  than  urethral  swabs  in  men. 

Thus,  it  is  likely  in  screening  asymptomatic  individuals  where  urethral  swabs  are  unlikely  to  be 

collected  from  many  men  and  where  it  may  not  be  necessary  to  perform  pelvic  examinations on 

all  women,  that  the  amplified  DNA  test  applied  to  a  first-catch  urine  specimen  will  be  the  only 

option.  This  ability  to  detect  chlamydial  genes  in  urine  specimens  is  a  major  diagnostic  advance 

and  promises to be  the  basis  of  screening  programs  used  in  chlamydia  control  programs. 
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ABSTRACT 
H.  Dvlori  infection  can  be  diagnosed  with  many  different  tests. 
If  the  patient  is  undergoing  endoscopy  with  gastric  biopsies, 
culture  and  histology  remain  the  diagnostic  methods  of  choice. 
Indirect  tests  include  rapid  urease  tests,  urea  breath  tests, 
and  serology.  Molecular  methods  such  as  PCR  offer  marginal 
improvements  when  done  on  biopsy  material,  but  has  the  advantage 
of  being  able  to  accurately  identify  H.  wvlori  in  areas  outside 
the  stomach  where  cultures  usually  fail.  PCR  can  detect low 
numbers  of  ,organisms  in  gastric  juice,  bile,  stool  and  oral 
secretions.  Because  of  its  high  sensitivity  it  can  also  be  used 
for  epidemiologic  investigations  of  environmental  sources. 
However,  the  largest  role  for  PCR  may  be  in  molecular 
fingerprinting.  Arbitrary  Primer  PCR  (RAPD)  on  the  whole 
bacterial  genome  can  reliably  and  accurately  distinguish  between 
isolates.  PCR-based  RFLP  analysis  can  separate  isolates  based  on 
restriction  fragment  sizes  in  a  smaller  amplified  genome 
segment.  REP-PCR  can  group  isolates  into  clusters  that  appear  to 
have  different  clinical  expressions.  These  methods  promise  to 
shed  new  light  on  the  transmission  and  pathogenicity  of H. 
pvlori . 

BACKGROUND 

Success  in  diagnosing  a  disease  depends  to  a  large  extent 

upon  the  choice of diagnostic  techniques.  Nowhere  is  this  more 

obvious  than  in  the  case of gastroduodenal  infection  with 

Helicobacter  wvlori.  This  spiral-shaped  bacterium  had  been 

observed  in  the  gastric  mucosa  by  several  independent 
investigators  going  back  to  the  beginning  of  the  century ( 1 - 4 ) .  

Yet,  their  existence  was  often  doubted  by  the  experts  of  the 

time.  In 1 9 5 4  Palmer  reported  a  large  study  of  more  than 1000 

patients  undergoing  suction  biopsies  of  their  stomachs ( 5 ) .  
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Palmer  had  specifically  looked  for  the  "spirochetes1l  observed  by 

others,  but  found  none  and  concluded  that  the  organisms  might  be 

"simple  contamination  of  the  mucosal  surface  by  swallowed 

spirochetes ... encouraged  by  certain  gastric  diseases  and  is 

common  at  death,  but  actual  invasion  of  the  tubule  lumina  and  of 
the  tissue  does  not  occur  during  life." 

Palmer  missed  his  big  opportunity  to  discover  H.  Dvlori  by 

using  an  inappropriate  diagnostic  test.  He  stained  his  biopsies 

with  the  commonly  used HLE stain.  This  stain  is  excellent €or 

displaying  tissue  morphology,  but  is a very  poor  stain  for 

visualizing H. Dvlori'.  Twenty-five  years  later  .Robin  Warren  in 

Australia  was  looking  at  gastric  mucosa  using a Warthin-Starry 

silver  stain ( 6 ) .  This  stain  shows  the  bacteria  very  well  and 

soon  he  and  Barry  Marshall  would  surprise  the  scientific 

community  by  reporting  the  presence  of  "Unidentified  curved 

bacilli  on  gastric  epithelium  in  active  chronic  gastritis" ( 7 ) .  

In  the  years  that  followed  several  diagnostic  tests  specific  for 

H. Dvlori  were  developed.  Recently  advances  in  molecular 

techniques  have  been  applied  to  this  organism  resulting  in  very 

specific  and  sophisticated  diagnostic  tools. 

CONVENTIONAL  METHODS OF DIAGNOSIS 

In  the  early  days  after  the  discovery  of  H.  Dvlori  there 

were  only  two  ways  of  diagnosing Dvlori.  You  could  use a 

histologic  stain,  and if you  had a good  laboratory  you  might 

also  be  able  to  culture  the  organism.  Warren  used  the  Warthin- 

Starry  stain  in  his  first  studies,  but  soon  the  cheaper  and 

quicker  Giemsa  stain  became  the  stain  of  choice (8) . If 

simultaneous  visualization  of  the  tissue  morphology  is  desired 

the  Genta  stain  is  often  used  today ( 9 ) .  

H.  Dvlori  is a fastidious  organism  and  does  not  grow  well 

on  conventional  culture  media.  In a humid  C02-containing 

atmosphere  it  can  be  retrieved on rich  agars  containing  blood  or 
egg  yolk or  in  selective  liquid  media  containing  serum (10). 

Culture  diagnosis  is  valuable  since  it  can  help  with  further 

characterization  of  the  isolate  such  as  antibiotic  resistance  or 

presence  of  pathologic  markers. A draw-back  is  its  relatively 

low  sensitivity,  only 8 0 - 8 5 %  in  most  laboratories  compared  to 

around 9 5 %  for  histology. 
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Several  indirect  diagnostic  tests  have  been  developed  based 

on  the  powerful  urease  enzyme  of H. Dvlori.  Urease  converts  urea 

to  CO,  and  ammonia,  a  reaction  that  helps H. Dvlori  neutralize 

the  gastric  acid  in  its  immediate  surrounding.  The  same  reaction 

can  be  spotted  with  the  help  of  an  indicator  like  phenol  red  and 

be  used as a  rapid  test  for H. Dvlori (11). If  the  patient  is 

allowed to  swallow  a  cocktail  containing  nuclear  tagged  urea  the 

same  reaction  can  be  identified  by  measuring  the  amount  of 

radioactive  CO,  exhaled.  The  Urea  Breath  Test  has  a  high 

specificity  and  requires  no  endoscopy  for  gastric  biopsy 

(12,131 . A  minor  draw-back  is  its  tendency  for  false  negative 

tests  if  the  patient  has  consumed  any  drugs  in  the  preceding 2 

weeks  that  could  have  suppressed  the  growth  of  the  bacteria 

(14  , 15) . 
Serology  has  emerged  as  a  popular  noninvasive  test  for H. 

pylori.  There  are  a  multitude  of  commercial  tests  available  on 

the  market.  The  ELISA-based  tests  usually  have  good  sensitivity 

and  specificity  around 9 5 %  (16) while  rapid  antibody  kits  have 

proved  less  reliable (17,181 . ELISA  test  can  be  an  acceptable 
way  of  making  an  initial  diagnosis  of H. Dvlori  infection,  but 

can  not  reliably  be  used  to  follow  the  outcome  of  therapeutic 

interventions.  Since  titers  can  take  six  months  or  more  to  fall 

significantly  other  tests  have  to  be  used  after  treatment. 

PCR  FOR  CLINICAL  DIAGNOSIS 

Molecular  tests  offer  excellent  ways  for  very  precise 

diagnosis  of H. Dvlori  infection.  The  techniques  involved  may 

not  be  readily  available  at  every  laboratory,  but  the  tests  do 

not  require  the  bacteria  to  be  alive  when  tested.  This  means 

that  samples  can  be  shipped  between  institutions  without 

compromising  the  results  of  the  tests (19). Polymerase  Chain 

Reaction  (PCR)  is  an  excellent  method  for  diagnosing H. Dvlori 

when  the  organism  is  present  in  low  numbers.  Theoretically  the 

method  can  find  and  identify  an  organism  if  only  a  few  single 

copies  of  its  DNA  is  present.  The  DNA  molecule  is  very  stable 

chemically  and  can  survive  in  the  environment  for  long  periods 

of  time (20). This  makes  the  method  suitable  for  both  clinical 

and  environmental  sampling.  The  extreme  sensitivity  of  the  test 

can  be a problem  though.  Any  laboratory  that  wishes  to  perform 
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PCR for diagnostic purposes must  develop  strict guidelines for 

the  handling of clinical specimens (21,22). Areas that  receive 

specimens and prepare them for PCR should be physically 

separated from areas handling  the  DNA amplification and  the 

visualization of amplified DNA products. 

Several PCR protocols for clinical diagnosis of H. Dvlori 

have been published. They differ from each other mostly in  the 

choice of primers.  The  first  PCR  protocol to be published used 

primers  from the 165 rRNA (23). This is an approach that  is  well 

established from work with other bacteria and many other 

investigators have  followed their lead (24-28). Since 165 

ribosomal RNA is extensively studied for a large number of 

organisms it is easy to avoid areas of likely cross-reaction. 

The potential disadvantage is that genes can be relatively 

conserved  in many areas since 165 ribosomal RNA is found in most 

living cells and phylogenetically has common roots. area that 

appears to be unique may  still  have  significant  sequence 

homology with genes in bacteria that  have  not  yet been fully 

characterized. 

Other investigators have  instead  decided to use primers 

from  the genes encoding  the uniquely powerful urease of L 
pvlori (19,29-35) . This approach has the potential for being 

more risky since many bacteria have urease genes and conserved 

regions among species can be expected. Still, it has been shown 

that careful selection of the primers can result  in 100% 

specificity when tested  against other urease-containing 

bacteria, including other Helicobacter species (19). 

alternative approach was chosen by Hammar et  al. (36) who used 

sequences from a protein antigen that appears to be species 

specific for H. wvlori (37). Finally, Valentine et  al. picked 

primers from a cloned  fragment randomly selected from an L 
pvlori cloned library (38). Using a probe  from the fragment  they 

showed  that it  had high specificity for H. wvlori. Selecting 

primers to amplify a 203-base-pair product  from this fragment, . 
they were able to achieve 100% specificity when tested on 

related  bacteria. 

All of these PCR protocols have proven themselves to be 

accurate  in diagnosing H. wvlori  from clinical biopsy material. 

However, this may not  be the optimal usage for this technique. 

When  used on biopsy  material  PCR usually does not add much to 



MOLECULAR DIAGNOSIS OF HELICOBACTER PYLORI 167 

other  techniques (33,34,39) . Culture  and  histology,  when  used 

together,  detects Dvlori  in  almost  as  many  cases  as  PCR.  The 

exception  would  be  in  patients  where  the  organism  may  be  present 

only  in  very  low  numbers  following  attempts  of  eradication 

(40,41). The  main  advantage of PCR  is  instead  in  situations 

where you need  to  make  a  clinical  diagnosis  but  don't  have 

access  to  biopsy  material.  Westblom  et  al.  studied  the  use  of 

PCR  on  gastric  juice  which  can  be  collected  through  a 

nasogastric  catheter (19). Using  only 5 m1  of  aspirated  gastric 

juice  they  could  correctly  diagnose Dvlori  infection  with  a 

specificity of 100% and  a  sensitivity  of 96%. These  findings 
have  later  been  verified  in  at  least  two  studies  showing  similar 

degrees  of  sensitivity  and  specificity (26,351. This  compares 

very  favorably to previous  attempts  to  culture Dvlori  from 

gastric  juice  which  had  uniformly  poor  results (42-45). 

pylori  has  also  been  detected  in  a  similar  way  in  bile  samples 

using  PCR (32). In  the  future  it  may  be  possible  to  use  PCR  to 

diagnose Dvlori  from  oral  secretions or stool  samples, 

bypassing  the  need  for  endoscopy.  But  those  assays  are  far  from 

standardized  and  we  don't  know  enough  yet  about  the  relation 

between  carrier  states  and  true  infections  for  them  to  be  useful 

at  this  point. 

PCR FOR MOLECULAR  EPIDEMIOLOGY 

PCR  can  be  used  to  look  for  the  presence  of Dvlori 

outside  the  human  stomach,  including  the  environment.  This  makes 

it  a  useful  tool  for  epidemiologic  studies. unanswered 
question  is  whether Dvlori  is  transmitted  through  oral-oral. 

or  fecal-oral  route.  Cultures  from  the  oral  cavity  have  almost 

uniformly  been  negative  €or H. Dvlori (46-48), but  PCR  has  been 

able to find  the  organism  in  the  oral  cavity (26,49-51). Still, 
in  some  studies  it  has  been  present  in  only  low  numbers 

(26,36,52) challenging  the  significance of the  finding.  PCR  has 
also  been  used  to  diagnose  the  presence  of Dvlori  in  stool 

samples (53-55). This  is  another  area  where  PCR  offers  distinct 

advantages  since H. Dvlori  may  only  be  present  in  low  numbers 

and  the  multitude of contaminating  organisms  in  the  bowel  makes 

it  very  hard  to  obtain  any  positive  cultures (46,56-58). 
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Two  epidemiologic  studies  in  South  America  have  suggested 

that  infected  water  supply  may  be  a  vehicle  for  transmission  of 

H. wvlori.  Among  children  living  in  Lima,  Peru, H. wvlori 
infection  was  three  times  as  common  if  the  homes  had an external 

water  source  than  if  it  was  internal.  This  was  independent  of 

the  socioeconomic  status  of  the  families  since  both  types  of 

water  sources  could  be  found  within  the  same  neighborhoods ( 5 9 )  . 
In  Chile  risk  factors  for H. Dvlori  infection  include 

consumption  of  uncooked  vegetables  and  uncooked  shell-fish (60). 

This  suggests  that  contaminated  water  used  for  irrigation 

purposes  may  be  an  important  factor  in  these  countries. 

To  test  the  hypothesis  that  fecally  contaminated  water 

contains H. wvlori  Westblom  et  al.  investigated  samples  of 

sewage  water  from  Peru (61). Twenty 4 0  m1  samples  of  pooled  raw 
or  partially  filtered  sewage  water  were  ultracentrifugated  and 

DNA  was  extracted  from  the  pellets.  Using  previously  validated 

primers  from  the  UreA  gene (19) they  showed  that 15% of  the 

water  samples  contained H. wvlori. 

MOLECULAR  FINGERPRINTING  BY  ARBITRARY  PRIMER  PCR 

One  area  where  PCR  has  been  used  with  particular  success  is 

in  molecular  fingerprinting.  This  technique  can  differentiate 

between  different  strains  and  is  helpful  in  determining if 
continued  infection  is  due  to  treatment  failure  or  reinfection 

(62,631. It  can  also  help  identifying  transmission  of H. wvlori 

between  patients  or  within  families (64,65). 

H. wvlori  is  unique  among  bacterial  pathogens  in  its 

extreme  genetic  diversity.  This  was  first  shown  by  Majewski  and 

Goodwin  using  restriction  endonuclease  digestion (66). They 

found  unique  patterns  among  isolates  from 70 patients.  When 

pairs  of  isolates  from 11 patients  were  compared  the  second 

isolate  was  markedly  different  in  six  patients. H. wvlori 

fingerprinting  by  PCR  was  first  done  by  Akopyanz et al.  using 

Arbitrary  Primer  PCR (67). This  technique  uses  single  primers 

that  have  been  arbitrarily  chosen  without  regard  to  any  specific 

genomic  sequence.  By  using  very  low  stringency  parameters  in  the 

early  PCR  cycles  these  arbitrary  primers  amplify  fragments  from 

genomic  sites  to  which  they  are  fortuitously  matched.  After  a 

subsequent  series  of  cycles  with  high  stringency  a  unique 
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pattern  of  fragments  are  produced.  This  technique  also  found 

that H. Dylori  has  an  extreme  genomic  diversity. of 64 isolates 

from  different  patients  each  one  was  distinguishable  from  each 

other.  However,  in  three  patients  where  multiple  isolates  had 
been  obtained  over  a 6 month  period  all  isolates  from  the  same 

patient  were  identical. 
Arbitrary  primer  PCR  is  now  widely  used  as  a  Sensitive  and 

reliable  method  for  fingerprinting  of H. Dvlori (63,65,68,69). 

However,  it  has  its  limitations.  You  need  the  whole  bacterial 

genome  as  a  starting  point  which  means  you  need  to  isolate  the 

organism  in  pure  culture  first.  This  may  not  always  be  possible, 
particularly  if  you  are  dealing  with  archival  material  trying  to 

make  an  identification  after  the  fact.  In  those  situations  it  is 

helpful  to  instead  use  the  technique  of  RFLP  analysis  of  PCR 

produced  products.  This  was  first  described  by  Akopyanz  et  al. 

who  amplified  segments  from  the  UreA-UreB  genes  and  the 

neighboring  UreC-UreD  genes (70). These  PCR-produced  products 

were  then  digested  with  Mbol  and  HaeIII  and  observed  for 

restriction  fragment  length  polymorphism  (RFLP).  Using  both  of 

the  selected  gene  segments 59 of 60 isolates  could  be  separated 

from  each  other  while  repeat  isolates  from  the  same  patient 

remained  identical. 

Using  the  same  techniques,  sometimes  looking  at  other 

amplified  gene  segments,  other  investigators  have  verified  that 

it  is  a  very  useful  fingerprinting  tool (71-75). The  main 

advantage  is  that  it  does  not  require  successful  isolation  of H. 
PVlori  Prior to testing. A drawback  is  that  it  can  be  less 

discriminatory  than  arbitrary  primer  PCR,  specifically  if  a  gene 

with  low  heterogeneity  is  used (76). Another  problem  is  if  more 

than  one  Strain  of  H.  Dvlori  is  present  in  the  material.  The 

restriction  fragments  from  the  different  strains  would  then  mix 

together  producing  a  pattern  that  corresponds  to  none  of  the 

strains.  However  this  can  be  detected  by  carefully  adding 

together  the  lengths  of  each  fragment.  If  the  sum  of  them 

markedly  exceeds  the  size  of the.whole  gene  fragment  more  than 

one  strain  must  have  been  present.  PCR-based  RFLP  can  therefore 

be  used  to  Prove  the  existance  of  mixed  populations  of  H.  pylori 
(74). 

Typing  of  isolates  based  on  fingerprints  may  also  help  to 

shed  light  on  whether  some  strains  are  more  pathogenic  than 
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others. Go et  al.  amplified  DNA  located  between  repetitive  DNA 

sequences  (REP-PCR).  Computer-assisted  cluster  analysis  of  REP- 
PCR  fingerprints  showed  two  large  clusters  of  isolates,  one 

associated  with  simple  gastritis  and  the  other  one  with  duodenal 

ulcer (77). Preliminary  results  suggest  that  there  may  also  be 

a  similar  cluster  for  strains  associated  with  gastric  cancer. 

This  is  an  area  of  research  that  promises  to  produce  exciting 

results  in  the  future.  The  continued  use  of  PCR  technology  will 

undoubtedly  shed  new  light  on  the  transmission  and  pathogenicity 

of  H.  Dvlori. 
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ABSTRACT 

The  most  efficacious  and  practical  means  of  diagnosing  human  schistosomiasis  is  based  on the 
detection of infection-specific  antibodies.  Because of their  high  sensitivity  and  specificity, 
antibody  assays  remain  the  most  practical  assays for epidemiologic  studies  and  patient 
management.  Antibody  assays are particularly  useful in the diagnosis of schistosomiasis in visitors 
from  developed countries to endemic areas. These  patients are often  lightly  infected,  and tests 
that depend  on detection of ova or circulating  antigens are not  reliable for these type of light  and 
acute infections.  Initial  screening may  be  performed in the field or laboratory  with the 
FAST-ELISA,  using  adult  microsomal  antigens.  Species-specific  confirmation  is  obtained by 
immunoblots  with the same  antigens. 

INTRODUCTION 

Human  schistosomiasis,  predominantly  caused  by the three trematodes, Schistosoma  mansoni, 

S. japonicum, and haemaiobium, affects  some 200 million people  and  countless  livestock [7]. 

Despite control efforts in countries such as Egypt and the People's  Republic of China, the disease 

continues to increase.  Traditional  diagnosis  was  based on detection  of  parasite eggs in stool and 

urine.  However, the sensitivity of corporal  examination is highly  limited  by the sporadic fecundity 

of the adult  worms  and the low rate of recovery  of  parasitic  ova  from  patient  samples.  Therefore, 

patient  management  based  solely  on the presence of ova  is  overly  conservative  and may result in 

patients  with  low  egg counts being  undiagnosed  and  able to continue to transmit the disease [7]. 

Antibody  (Ab)  assays  with the proper  antigens  (Ag) are highly  specific  and  sensitive [7 - 9, 16, 

181, but  because  of the persistence  of  antibodies,  they may  not be able to differentiate  between 

new  and  old  infections, or  to distinguish  successful  treatments  from  failures.  Given  this 

consideration, the ideal  assay  will  probably  be  an  Ag detecting test. The presence  of  adult Ags 
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should  imply  an  active  infection state. However,  despite  considerable  advances in this  field, Ag 

detecting  assays  still  lack  specificity  and  sensitivity. 

Various  diagnostic  methods for schistosomiasis  were  reviewed  recently by Maddison  [7]. A 

tabulation  of the major  types of assays and  brief  comments on test characteristics are shown in 

table 1. 

IMMUNODIAGNOSTIC  METHODS 

Our  approach to routine  reference  diagnosis of schistosomiasis is  first to screen all  sera  with 

the Falcon  assay  screening  test-enzyme-linked  immunosorbent  assay  (FAST-ELISA) [5] and  then 

to confirm  and speciate with the enzyme-linked immunoelectrotransfer  blot (EITB) [ 1,201. The 

' FAST-ELISA  and  confirmatory  EITB  both  derive  their  sensitivity  and  specificity  from 

microsomal  Ags of adult  worms  [16, 18,211. Methods for producing  Ags and  immunoblot strips 

will  not  be  detailed in this  review. The reader is referred to previous  publications for these 

procedures [ 16,2 I]. 

I. FAST-ELISA 

A. B r o c e h  

1. F A S T  beads,  molded onto sticks  and  attached to 96 well  lids are incubated  with  diluted 

microsomal  antigens  (2 mg protein in 0.05 M Tris/KOH, M KCI, 2.0 EDTA, pH 

8.00) for a minimum of 1 hr at  room temperature (RT).  Gentle  agitation on a rotatory 

shaker  during  this  sensitization  period  is important, The polypropylene  baffled tray 

supplied  with the FAST  kits is used for this step,  and 19 ml(2 m1 for the small trough and 

17 for the large) of Ag  solution  is  needed for each  lid.  Polystyrene  containers  should 

be  avoided,  since the styrene will compete  with the sticks to bind the Ags. Sticks are first 

washed  by  being  sprayed for 20 sec with PBSDween (phosphate  buffered  saline, 0.10 M 

NaCI, 0.05 M Na&IP04/NaH2P04, pH  7.20  with v/v  Tween-20)  from a plastic, 

hand-pumped,  garden  sprayer  and  then  rinsed  with d.H20. Sensitized  sticks  may  be air 

dried  and stored desiccated  for at least 1 year at RT with  little decrease in Ag  activity. 

2. Calibrated  reference  standard  serum  samples  containing 0, 10 - 1000 U/pl of specific Ab 

activity  are  included on every  plate.  Three p1 of each  standard  and  unknown  serum is 

diluted  with 97 p1 of PBSDween into  individual  wells of a 96-well FAST  plate. 

Construction  of the reference  standard  serum  series  has  been  previously  discussed  [5]. 



IMMUNODIAGNOSIS OF SCHISTOSOMIASIS 

TABLE l. Summary major  assays the  diagnosis schistosomiasis. 

Ref Method Antigen CONS 

26 

I 1  

I1  

12 

l 0' 

9 

6 

3,4 

24 

IFA 

IFA 

RIA 

RIP 

COPT 

ELISA 

ELISA 

ELISA 

WB 

ELISA 

ELBA 

AW 

GASPICAA 

PSAP 

AW 

EGG 

SEA 

CEF6 

MAMA 

Sm31132 

CAA(serum) 

Antibody  detection assays: 

Good sensitivity (85%  with  egg+ 
cases) 

Light  infection  detectable 

Correlation  with  egg  counts  acute 
patients  predominantly  igM 

Acute serum has bands:  55,52,35kd 

80%  sensitive/97%  specific 

83%  sensitive/94%  specific 

92%  sensitive/95%  specific 

Quantitative,  96%  sensitivel99% 
specific 

99%  Sensitivity/99%  specific 

Antigen detection assays: 

Correlation  with  egg  count  detects 
nglml  serum 

CAAUrine)  Correlation  with  egg  count 

No relationship  between  titer  and 
onset  or  severity 

No differences  between  acutelchronic 

Radioactive  isotopes 

Requires  technical  expertise  and 
radioactive  isotopes 

Low  level  infection  not  detectable 

Low  level  infection  not  detectable 

Not  species  specific, no correlation 
wlegg  count 

Requires  technical  expettise 

60-70%  Sensitivity  with 1-1 00 eggslg 

. .  " Present  in  urine 6 weeks  post  Rx 

'Adult  worm  antigens  were  better  than  egg  antigens  for  detecting  low  level  infections  (c100  eggslg);  egg  antigens 
typically  detect  only 6545% (7 assays  tested). AW assays  (n-14)  ranged  from  55-91%. 

Just  prior to assay,  antigen-coated  beads  are  sprayed  with  PBS-Tw,  followed by H,O. 

Excess  water  is  then  shaken OK 

4. M e r  beads  are  inserted  into the serum  plate,  with  standards in the top row  of  each  plate, 

they are incubated  while  being  shaken  with a Mini-orbital  shaker,  setting 7-8, (Bellco, 

Vineland,  NJ) 5 min, at RT. 

5. Beads  are  washed as in step 1. 

Beads  are  inserted  into  trough  plate  containing a diluted  enzyme-conjugated  anti-human 

reagent. We  use  peroxidase (POD; donor: H,O, oxidoreductase, EC 1.1  1.1.7) 

conjugated,  immunoafftnity  purified  goat  anti-human  antibodies  prepared in our laboratory 

[ The molar  ratio  of  peroxidase to IgG  for the goat anti-human  conjugate 

(GAHG-POD) is 3.9: 1, and that of goat  anti-mouse (GAMS-POD) is 1. The optimum 

concentration  of  conjugate to use  is  that  which  will saturate all  bound  human Igs within 5 

min. Each  lot  of  conjugate  reagent  should  be  titrated to determine  this  optimal  working 
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concentration. Beads are incubated  while  being  shaken,  (Bellco  shaker setting 5-6) for 5 

min at RT. 

Beads are washed as in  step 1, 

Beads are inserted  into substrate plate,  and  incubated  with  shaking,  (Bellco shaker setting 

7-8) for 2 min, at RT. Our preferred substrate (150 pVwell)  is the 3,3',5,5' 

tetramethylbenzidine (TMB) peroxidase substrate system fiom Kirkegaard & Perry,  Inc., 

Gaithersburg, MD. This  very stable substrate system,  employing two ready-to-mix (1 : 1 

ratio) solutions, is  convenient to use  and  reliable  under  field  conditions. 

Absorbance is measured at 650 nm (A&50,,,,,/2'min) with  an  ELISA  plate  reader. It is  also 

possible to estimate FAST-ELISA  results by  eye under field conditions [ 131. 

B. 

1. The  Ab-dependent  increase of AklO,,,J2  min  can  be described by a 4-parameter  line 

equation: 

where: 

(a- a + d  
Y "  

1 + (x/c)b 

y = A&50mf2 min 

x = Ab activity in units (U/pl of serum) 

a = zero Ab concentration  response 

d = infinite  Ab concentration  response 

b & c are derived constants describing the slope  of the curve. 

2.  ELISA  reader-controlling  software  such as the SoftmaxTM (Molecular  Devices  Corp,  Palo 

Alto,  CA)  readily  employs  this  mode  of data manipulation for immunochemical reactions, 

Digital  data of raw  absorbance  value are directly  processed into a standard curve from 

which  Ab activities  of  unknown  serum  samples  can  be  directly  derived.  Figure  1  shows a 

typical  standard curve. The  shape  of the curve is sigmoidal  and covers a reaction  range of 

2 - 4 log,,. The top and  bottom  of  this curve covering the extremely  low a)  and  high 

(=+ d) reaction  ranges,  respectively, are rather flat.  Consequently,  reaction  values 

extrapolated  from near these ranges are subjected to a degree of uncertainty.  The 

greatest accuracy and confidence  is  associated  with  values  derived  from  the  middle  portion 

of this  curve,  where the slope  is  near  linear.  This  high-confidence  range  generally 

encompasses 1.5 Log,,. Our original  assay  volume  is per  serum;  however,  this  assay 

can  be  performed  with 1 - 10 of serum.  Therefore,  it is possible to conduct the assay in 
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4 parameter curve fit 
2.500 Corr. coef. = 0.999 

.E 2.000 

1.500 

(b 

0.500 

0.000 
1 1 O(  

Logl of serum antibody concentration (U/pI) 

Figure 
A  typical  FAST-ELISA  standard  curve  generated  by the ELISA  reader  and  controlling  software 
(SoftmaxTM) of Molecular  Devices  Corp,  CA.  The  Ab-dependent  increase of Ah5,, ,,,,,/2 min from 
each  standard  was  directly  plotted  against  its Ab concentration.  Concentrations of Ab for 
unknown  samples  were  directly  derived  from  this line equation. 

a  manner  where  all  unknowns  fall  within the high-confidence  range. As long as the 

calibration  reference  serum  series  is  also  assayed at the same  volume,  all  units  derived 

from the standard  curve  will  be  correctly  reflected. The limitation  for  using  a  larger 

volume of sera  is  that  samples  with  high Ab concentrations  will  exceed the absorbance 

readability  limit of most  readers. In this  situation, the sera  must  first  be  diluted  (e.g. 1 : 10) 

before  assay in order to obtain  proper  quantitation. 

C. Data  interpretation and  special  test  characteristics; 

The  FAST-ELISA  is  an  internally  calibrated  test  which  quantifies  Ab.  Data  from  this  test 

are  on  a  continuous  scale;  no  titers are provided.  The  advantage  of  such  assays  is  their  ability 

to measure Ab levels  over  time.  The  internal  calibration  derived  from  a  fixed  set of standard 

reference  sera  also  minimizes  test-to-test  errors.  The  continuous data scale  also  allows a 

quantitative  approach for the  determination of a  "cut-off'  value.  From our original  study of 

234 parasitologically  confirmed  serum  samples [S], U/FI was the reaction  level  which 

separates  infected  from  uninfected  patients as well as those who  were  infected  with 

heterologous  pathogens.  This  level  was  set  for  the S. munsoni microsomal  Ag  (MAMA) 

system  and  referenced  against our primary  standard SMPR-P. In  a  recent  study  with  an 
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equivalent  Ag  from S. japonicum (JAMA)  and a different  infection  serum  standard 

(SJPRC-l), the %ut-off' value  was  set much lower, at approximately 1.5 U/ml. 

All  serum  Ab  levels are calibrated  against a specific  standard  reference  serum  pool  and  are 

only meaningfil  when  referenced  against the standard.  Therefore, the unit designation  is 

relative.  Since  all  serum Ab quantifications  and test performances are dependent on the 

reference  standard sera, it  is  critical  that  this  reagent  be carefilly prepared, We  select  only 

sera fiom  parasitologically  confirmed  patients  with the maximum  diversity  in terms of Ag 

recognition  (assayed by EITB  with crude Ag).  We  also  include sera with high  and  low 

quantitative  levels of Ab in the pool.  Once the primary  reference  serum  is  established,  it  is 

carefully  frozen (-85 #C) in small (-0.2 ml) aliquots.  Initial  unit  designation for the primary 

standard  was  set  at 100 U/ml. Secondary and  tertiary  working  serum standards are formed in 

the same  manner;  however,  all  subsequent  reference  serum pools must  be  referenced  against 

the primary  standard  with  respect to their Ab content (U/ml). A different primary  reference 

serum  pool  is  created for each  disease. 

D. TesLpxforrnance: 

The  determination of a "cut-off' point  is  largely  an  exercise  in statistics. The  ideal 

"cut-off' is the level above which  all  serum samples fiom confirmed  infected  individuals react, 

and  below  which  lie  all  uninfected or heterologously  infected  individuals.  This  point  is  rather 

artificial,  since it is  difficult to expect  an  infection  with one single  worm to. cause a clear 

increase in Ab production,  such that the signal  produced far exceeds that of the background 

noise.  In  reality, the concept of the "cut-off' point  works  much better than  expected, at least 

in the FAST-ELISA  with  MAMA as Ag. The  original  study  describing the FAST-ELISA, 

based on 234 serum  samples,  and a previous  study,  based on 5 1 1 serum  samples  describing 

MAMA  purification [16,21] and the k-ELISA [22, 231, both  showed that it  is  possible to set 

a '@cut-off' level  which produced a test sensitivity  and  specificity of 99% (Figure 2). In other 

words only 1% of  the confirmed  infected  samples  reacted  below the "cut-off' and 1% of the 

non-exposed  negative controls reacted  above the "cut-off' level. 

E. Field--able versions  of the FAST-ELISB; 

Diagnostic  assays  designed for the well-equipped laboratory in developed countries tend 

to be  dependent on sophisticated  equipment  and  reagents,  requirements  that are difficult to 

filfill in developing areas of the world. In  particular,  immunoassays of tropical  diseases 

should  ideally  be  field  applicable. To this  end,  we  have  modified  the  basic  FAST-ELISA  and 
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Figure 2 
FAST-ELISA  results  (U/ml,  y-axis)  from 234 individuals.  Groups  of  serum  samples are identified 
on  the  x-axis. "Cut-off' point  was  set at 10 U/ml.  At  this  level the FAST-ELISA S. munsoni 
has a species  sensitivity  and  specificity  of 99%. (reproduced  from  Hancock  and  Tsang [5]). 

developed two field-applicable  versions  of  this  assay [14]. These  field-applicable  assays are 

functional  under  minimally  equipped  field  conditions,  yet  they  retain the rapid,  simple,  and 

reliable  qualities  of the original  FAST-ELISA.  In  addition,  both  assays  can  function  with 

plasma,  sera, or whole  blood  (fresh & lysed).  Test  specificity  and  sensitivity for these are  same 

that the FAST-ELISA. 

11. EITB  (Western Blot) 

The  EITB  for all three human  species  of  schistosomiasis  is  performed  with  microsomal Ag 

from  adult  worms. For the purpose  of  this  review, the method of production for Ags  and 
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immunoblot  strips will  not  be  detailed. The  reader  is  referred to previous  publications  for 

these  procedures [ 16,2 l]. 

A. Procedure: 

1. Ag strips,  which are usually  stored  frozen, are pre-wetted  and  incubated  with  PBS/Tw for 

approximately 5 min. 

2.  Test  sera are diluted 1:50 with  PBS/Tw/milk (5.0% nonfat  dried milk in PBS/Tw)  directly 

into AccutranTM incubation  trays  (Schleicher and  Schuell,  Keene, NH). Total  volume of 

diluted  sample  used  per  trough  is 0.5 ml. One  strip  is  added  (blotted  surface  up) to each 

sample and the tray  gently  rocked  back and forth to ensure  total  submersion  of the strip. 

The  usual  incubation  time  with  sera  is  1 hr,  with constant  rocking.  Sera may be  incubated 

with  strips  overnight,  but  the  serum  dilution  should  be 1:lOO. The  strips  must  not  be 

allowed to dry or emerge  above fluid surfaces  during  incubation,  otherwise  severe “water 

marks” may form. 

3. The AccutranTM washer and  warm  (56°C)  PBS/Tween  are  used to remove  unbound  serum 

components.  The  usual  wash  consists  of  four 5-min washes. 

4. Strips are incubated  for 1 hr  with anti-Ig-POD.  The  conjugates  used  for  this  assay  should 

have  at  least  a 1 :2 (1gG:POD)  molar  ratio [ 171.  Using conjugates  with  lower 

antibody-to-enzyme  ratios  lessens the sensitivity  of  this  test. 

5. Strips  are  washed  again  (five  times  with  PBS/Tween  and  twice  with  PBS  alone).  Bound 

Abs are visualized  with  DAB  substrate  solution  [19]. 

B.  Data  interpretation and  soecial test  characten- . .  
Figure  3  exemplifies  typical  EITB  results  for  all  three  human  schistosome  infections.  The 

specific  reactions  that  constitute  positive  reactions  are  GP30  for S. mansoni; GP18,  G23, or 

GP29 for S. japonicum; and  GP23  for S. haematobiurn [l]. It is  important to note that  these 

specific  reaction  bands  occur  only  on  strips  containing  the  respective  species-specific 

microsomal  Ags.  Thus,  reactions at the  30KD  position  on HAMA strips do not  constitute  a 

positive  reaction. It is also  vital to recognize  that  each  of the species-specific  diagnostic  bands 

has a  characteristic  appearance of its  own,  and  this  quality  should  be  considered  part  of the 

recognition  criteria. For example, the GP30 of S. munsoni is  a  typically  diffused  glycoprotein 

band  which  usually appears  as  a  doublet,  although  reactivity to only one member of the 

doublet  is  common.  Therefore,  a  control  serum  that  reacts to both  doublets of GP30  should 

be  included in every  run.  Another  example is the specific  bands  for S. japonicum; these 



IMMUNODIAGNOSIS OF SCHISTOSOMIASIS 183 

Figure 3 
Typical EITB results  for  serum  samples  from  three  human Schistosoma infections.  The  specific 
reactions  (marked by brackets)  that  constitutes  positive  reactions  are: GP30 for mansoni; 
GP1 8 ,  G23, GP29 for japonicum; and GP23 for haematobium. The same  serum  samples 
were  tested  with  each of the three  kinds Ag strips. 

usually  appear as three distinct  groups of glycoproteins,  each  composed of multiple  small 

bands,  giving  them  a  faintly  striped  appearance.  Again,  not  all  sera  will  recognize  all  three 

groups.  Consequently,  a  control  that  reacts to all three groups of Ag  should  be included.  In 

addition to the  species-specific  diagnostic  bands, other reactions  are  common  on all three Ag 

strips.  However, all irrelevant  bands  are  ignored  during  data  interpretation. 

C. Test performance; 

Since the first  description of MdMA in 1983 [21], these  Ags  have  been  used  extensively 

in research  and  routine  reference  diagnosis.  We  have  not  encountered  a  single 

parasitologically  proven  false  positive.  Thus,  the  specificity of the EITB  with  MAMA  for  the 

diagnosis of mansoni infections  is The  only  possible  exception to this  observation 

involve the reaction to GP30 from  the  serum of a U.S. serviceman  stationed in Panama.  We 

have not been  able to associate  this  patient  with any previous  risk  of  exposure to mansoni, 

yet  his  serology  and  symptoms are consistent  with  schistosomiasis. 
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Table 2 illustrates the sensitivity  and  specificity of the EITB with HAMA antigens  from S. 

huemutobium in detecting species-specific  infections.  Similar  specificity  and  sensitivity was 

found  with EITB using MAMA and JAMA antigens for their respective  infections. 

D. 6 .  

The original  version of the EITB generally  requires a minimum of hr  and as iong as 

overnight to complete. For field  applications  and for rapid  screening,  we  have  developed a 

rapid  version of this assay.  This  rapid  blot [2] requires  approximately 15 min to perform  and 

possesses the same  sensitivity  and  specificity as the original  version of  the EITB. 

111. Cost  estimate  and  commercial  availability 

FAST-ELISA  was  estimated to $0.13 per serum  sample tested in our laboratory. This 

cost assumes triplicate assays for eaih serum  sample  and  calibration standards to occupy the first 

row  of  every  plate.  This  estimate  is  based  on  running one to two plates  per week. Larger test 

numbers decrease dramatically the cost per test. 

Actual cost of the EITB is  estimated at $3.75 per  serum  sample, of which $0.65 is accounted 

for by  Ag  and strip  production costs [ 1 S]. 

Commercial costs for these assays are higher  than the above  estimates. The sources for these 

assays are as follows: 

1, Microbiology  Reference Laboratory 

10700 Walker Street 

Cypress,  California 90630-4737 

Telephone (800) 445-0185 

2. Specialty Laboratories, Inc. 

P.O. Box 92722 

Los Angeles,  California 90404-3900 

Telephone (800)  421-71 10 

DISCUSSION 

The  specificity  and, to a lesser  extent, the sensitivity of immunological  assays, are critically 

dependent  on Ag  characteristics  and  purity.  The  FAST-ELISA  and  confirmatory EITB both 

derive  their  sensitivity  and  specificity  fiom  microsomal  Ags of adult  worms. The microsomal  Ags 

from the adult  worms of all three Schistosoma spp.  contain large amounts of specific  components 
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TABLE 2: Sensltlvlly  and  speclficlty of the ElTB with HAMA* 

Dlseasellnfective agent- Donor Origin EITB+  EITB- Total 
S. haematobium 
S. haematobium 
S. haemalobium 
S. haematobium 
S. haematobium 
S. haematobium 
S. haematobium 
S. haemafobium 
S. haemalobium 
S. haematobium 
S. haemafobium 
S. haematobiurn 
S. haematobium 
S. haematobium 
S. haematobium 
S. haematobiurn 
S. haematobiurn 
Total haematobium 

S. mansoni 
S. mansoni 
S. japonicum 
Paragonimiasis 
Trichinosis 
Cysticercosis 
Cysticercosis 
Echinococcus  granulosis 
Echinococcus  muffiloccularis 
Amebiasis 
Hepatitis  A 
Hepatitis  B 
Hepatitis  C 
Clonorchiasis 
Filariasis 
Onchocerca volvulus 

Normal  Human  Sera 

Luxor,  Egypt 
Sudan 
Malawi 
Africa 
Angola 
Ghana 
Kenya 
Liberia 
Madagascar 
Mali 
Namibia 
Nigeria 
Rep.  of S. Africa 
Saudi  Arabia 
Sierra  Leone 
Upper  Votta. Egypt 
Yemen 

Brazil 
Puerto  Rico 
P.R. China 
P.R.  China 
U.S.A. 
Peru 
Mexico 
Peru 
Alaska,  U.S.A. 
Mexico 
U.S.A. 
U.S.A. 
U.S.A. 
P.R. China 
India 
Guatemala 
USA,  non-travelers 

93 
44 
I 1  
7 
1 

11. 
1 
l 
1 
2 
1 

2 

0 
0 

I80 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
l 
1 
6 

16 
10 
8 

10 
8 
8 

10 
15 
11 
8 
5 
8 
5 
3 
4 
8 

20 

95 
46 
l 1  
7 
l 

l 1  
1 
1 
l 
2 
l 
l 
l 
2 
3 
l 
1 

186 

16 
l 0  

8 
10 
8 
8 

10 
15 
11 
8 
5 
8 
5 
3 
4 
8 

20 
Total heterologous Infections + normal 0 157 157 

Based  on  the 186 samples  from  parasitologically  confirmed S. haematobium  infected  donors,  the sensitivity  of the 
ElTB  with  HAMA is 97% (1 8011 86). The  specificity  of  this is loo%, since  none  of  the 157 heterologous  infection 
and/or  normal  donor  sample  reacted  positive. 

Serum or plasma  samples  diluted 150 with  PBS/Tw were  assayed by  ElTB with HAMA  as  antigen  (see  Material  and 
methods).  Diseaselinfective  agents  were  confirmed  by  direct  observation of infective  agents,  larva,  or  ova  In  donor 
tissues,  urine,  or  feces.  Heterologous  and  normal  humans  serum  samples  were  derived  from  donors  without  exposure 
risk to S. haemafobium,  on  the  basis of their  geographical  segregation  and  travel  history.  All  heterologous  infection 
serum  donors,  except  those  from  U.S.A.,  are  socioeconomically  similar to the S. haemalobium donors. 
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and  minimal  quantities of  nonspecific or irrelevant  materials.  Therefore,  the  specific  activity  of 

these reagents is  high.  Antigens  with  high  specific  activity are especially  critical  for  assays  such as 

the FAST-ELISA that use crude Ags.  In  this  type of assay,  all  antigen  components are adsorbed 

on a solid  matrix  such as polystyrene.  Binding of Ab onto any component,  whether specific or 

nonspecific,  will produce a reaction.  In contrast, in the EITB all components of the antigen 

mixture are separated  from  each  other by SDS-PAGE  (sodium  dodecyl  sulfate  polyacrylamide  gel 

electrophoresis),  and  reactions to specific  and  nonspecific  antigen  bands  can  be  distinguished from 

each other by the differences in their  relative  molecular  weights. 

High-resolution  confirmatory  assays,  especially  immunoblot-based  assays are generally 

difficult  and  expensive.  The EITB is no exception;  therefore,  screening  with  this  assay  is 

impractical.  However,  screening  with a rapid  simple  assay  such as  the FAST-ELISA  and 

confirming  all  positives  with the EITB  is  efficacious.  This  approach  is  identical to that used in 

HIV antibody  testing  and  has  performed  well in our reference  diagnostic  service for 

schistosomiasis. 

The issue of Ab persisting  even after treatment  remains a deterrent for choosing  Ab-detection 

assays over Ag-detection tests for the diagnosis of schistosomiasis.  However, a recent  study in 

our laboratory  shows that the assumption of persistent Ab after successfil treatment may not be 

universally correct [25] .  In our study [25], nine rhesus  monkeys  were successfilly treated with 

praziquantel,  five others were  not treated, and  one  was  treated  but  not  cured  (Figure 4). The 

quantitative IgGl ratios (pretreatment  divided by posttreatment  absorbance  values) of the nine 

cured  monkeys  at 40 weeks  posttreatment  were  generally  higher  than those of  the five that were 

not treated and the one that was  not  cured  (Figure 4). In  this  laboratory  study, we confirmed the 

infection status of all  animals  by postmortal  perfusion. In humans the success or failure of 

treatment  cannot be confirmed.  Therefore,  persistence of Ab after treatment may also be the 

result of incomplete cure. Ag-detecting  assay  with  high  sensitivity  and  specificity  will  be the 

ultimate tool to help resolve  this  issue. Until  such  an  assay  is  developed, the screening and 

confirmatory  approach for detecting Abs  will  remain  practical. The utility of this diagnostic 

approach  is  clearly  illustrated in the following  study [27]. 

In 1992 two U.S. Peace volunteers  (PCVs)  developed  central  nervous  system 

schistosomiasis due to infection  with Schistosoma haematobium following  recreational water 

exposure at Cape  Maclear on Lake Malawi,  an  Afiican lake  considered by  many to be free of 

schistosomiasis. To determine the transmission  potential  and  risk for acquiring  schistosomiasis in 

Lake Malawi, a cross-sectional  survey  of  resident  expatriates  and  visitors to Malawi was done 

during  March and  April 1993. Blood  specimens  were  collected to determine the seroprevalence of 
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Figure 4 
Quantitative,  Ag-specific IgGl ratios  (FAST-ELISA) in treated and untreated  rhesus  monkeys  at 
40 weeks  post-therapy.  Nine  monkeys  were  successhlly  treated with  praziquantel,  13  weeks 
post-infection  (cross-hatched  bars).  Five  others  were  not  treated  (solid  bars),  .and  one  was  treated 
but  not  cured (*). IgGl ratios  were  derived by dividing  individual  pretreatment  values by 
posttreatment  values. 

haematohitrm and mansoni using  FAST-ELISA  and  immunoblot  analysis.  A  survey for 

vector  snails  was  conducted  along  Lake  Malawi's  southwestern  shore. 

The  study  population of 955  expatriates included 99  PCVs, 55 U.S. State Department 

employees,  151  other U.S. citizens  and  650  non-U.S.  foreign  nationals.  One-third of the study 

population  (305/955)  had  serologic  evidence of current past  schistosome  infection.  The 

seroprevalence  was  33%  (141/440)  among  expatriates  whose  freshwater  exposure  was limited to 

Lake  Malawi; haematobitrm antibodies  were  found in 135441 (96%)  seropositive  specimens. 

Risk of seropositivity  increased  with  the  number of freshwater  exposures  at  Lake  Malawi  resorts. 

While  many resort  areas in the  southwestern  Lake  region  posed  a  significant  risk,  Cape  Maclear 

was  the  location  most  strongly  associated  with  seropositivity (OR 2.9;  95% C1 1.6-5.1);  the 

etiologic  fraction  attributable to freshwater  exposure  at  Cape  Maclear  was  56%. Bulinus 

gIoboms, the snail  vector of haematobbm in Malawi, was  found  along the lake  shore. 

S. haemafobitrm infection  is  highly  prevalent  among  expatriates  and  tourists  in  Malawi,  some 

of  whom  have  suffered  serious  CNS  complications.  Recreational  water  contact  at  popular  resorts 

on  Lake  Malawi  is  the  most  likely  source  of  infection.  Epidemiologic  and  environmental 

investigations  indicate  that  transmission  of  schistosomiasis  is  occurring in Lake  Malawi,  a 

previously  unrecognized  site of transmission. 
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ABSTRACT 

Hantavimes exist  in  most  regions  of  the  world. The many different  strains  identified  thus 
far  have  widely  divergent  roles  in  human  disease  and  infect  a  wide  range  of  rodent  hosts.  The 
sequence  data  available  for  the  genomes of  these  viruses  allows  us  to  study  indirectly  the 
evolutionary  patterns  of  the hantaviruses. In  this  paper,  we describe  relationships  among the M 
genomic  segments  of hanfaviruses, and  attempt  to  relate  these  to  the  evolutionary  relationships  of 
the  virus'  rodent  hosts. 

RESULTS  and  DISCUSSION 

The  study  of  virus  evolution  is  difficult,  for  one  very  obvious  reason - we  have  no  fossils 

to  use  in  tracing  where and when  a  virus  might  have  originated how  it  may  have  changed.  What 

we do  is  speculate  on  possible  virus  evolution  by  comparing  genomic  sequences  of  currently 

existing strains from  different parts of the world.  The hanraviruses represent  a  good  basis  for  this 

kind  of  study,  since many strains exist  worldwide  in  a  variety  of  different  animal  hosts,  and  cause 

a  variety  of  different  diseases in  man. 

Hantaviruses belong  to the family  Bunvaviridae,  a  group  of  viruses  with  three  segmented, 

negative  polarity,  single-stranded  RNA  genomes.  Presently, the family is divided  into  five  genera: 

phlebovim, bunyavirus,  nairovirus,  hantavirus tospovim. The rospoviruses are  plant  viruses, 

and  all  the  other  genera,  except hunravimses, use both  vertebrates  and  invertebrates vectors  and 

hosts. Hantaviruses have  rodents  as  their  only  "natural"  hosts,  and  humans are infected 

tangentially  as  they  come  into  respiratory  contact  with  rodent  excretions  and  secretions.  In  this 

respect, hantaviruses behave  more  like  members  of  the  Arenaviridae  family. 

One  of the major  diseases  of  man  caused  by W a v i m  infection is hemorrhagic  fever  with 

renal syndrome  (HFRS);  this  is  probably  an  old  disease,  although  the WHO officially  labelled  it 
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as  one of  the  newcomers  in  human  pathology  as  recently as 1983 (1). Western  physicians  and 

scientists  first encountered  hantaviral  infections  as a  serious  problem  during  the  Korean  War, 

where the United  Nations  lost  numbers of troops to a "mystery"  disease  involving  hemorrhage  and 

renal  failure  (it  was HFRS). However,  the  etiologic  agent  of  these  HFRS  cases  was  not  discovered 

until 1978, when  Dr.  Ho Kwan Lee isolated  a  virus  from  the  striped  field  mouse,  Apodemus 

agruriw, that  reacted  with  sera  from  HFRS  patients.  Shortly  afterwards,  the  virus  was  adapted 

to  grow  in  tissue  culture.  To  date,  human  hantavim-associated  disease  has  been  reported  in 33 

countries and  antibodies  to  huncuvirwes  have  been  detected  in 37 countries (2). All  human 

diseases,  ranging  from  severe  to  mild,  were  reported  from  Asia  and  Europe  and,  until  recently, 

no human disease  was  reported  in  Africa North  America (4) and  South  America (3, despite 

the  finding  that hancavimes were  enzootic  in  these  areas.  However,  the  situation  changed  in 

1993, when a  fatal  respiratory  disease  suddenly  appeared in the  Four  Corners  region  of  the 

southwestern  USA.  This  disease  was  found  to  be  caused  by  hitherto  unknown  strains of 

hantavimes, and caused  disease  quite  unlike  any  previously  associated  with  these  viruses.  This 

new  disease  was  called  Hantavirus  Pulmonary  Syndrome  (HPS),  and  was  subsequently  found all 

over  North  America,  from  Florida  to  Texas  and  Canada,  although its  incidence  is  low. 

Thanks  to  the  power  of  RT-PCR  technology,  and  to  the  extensive  molecular  research  on 

hanraviruses, the  genomes  of many viral  strains  have  been  sequenced  and  this  has  led  to  the 

development  of  an  understanding  of  the  phylogeny  of  these  viruses. 

Conserved  regions  among the M segments of seven representative viruses. 

In  our  first  study,  we  used  the  MACAW  program  from NIH to  search for conserved  and 

non-conserved  sequences  among  the M genomic  segments  of  several huncavim  strains (6). This 

genomic  segment  codes  only  for  the  two  viral  glycoproteins, G1 and G2, that are required  for 

viral  recognition  of  cells  to  be  infected;  these  clearly  play a  vital  role  in  the  viral life cycle. 

As  in all other  living  creatures,  viral  mutation  is  the  force  behind  evolution, and RNA 

viruses, lacking  the  replicative  proofreading  ability  of  DNA-based  organisms, are  generally 

subject  to  high  mutation  rates.  Scanning  the  overall hantuvim M segment  sequences,  it is clear 

that  the  sequences  of  the G1 and G2 proteins  from  different  viruses are quite  diverse;  even  Sin 

Nombre  virus and El  Moxa  Canyon  virus (two strains  from  the  HPS  outbreak  in  the  southwestern 

USA) are only 70% homologous  in G1 and G2, as well as being  divergent  serologically (7). With 

respect to the other  viruses  we  will  examine,  Hantaan  virus is related  to  Seoul  virus  (both  Korean 

strains), while  Puumala  (from  Scandinavia)  and  Prospect  Hill  virus  (from  Maryland) are also 

related (8,9, 10). Most  of  the  new  HPS  strains are closely  related  and are similar  to  Prospect  Hill 

virus,  although  this  last  virus  does  not  seem  to  be  the  cause  of  any  human  disease. 

Seven  strains of hanravimes were  examined,  as  representatives  of  different  general 

groups,  according  to  a  phylogenetic  tree  generated by others  using  the  PAUP  and  CGC  pileup 
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programs  (11);  these  were:  Hantaan,  Seoul,  Thailand,  Pulmonary,  Prospect  Hill, .El Mor0 

Canyon  and  Puumala  viruses.  The  Gibbs  sampling  strategy  was  used  to  search  for  blocks  of 

sequence,  20  amino  acids  long  as  the  maximum  and amino  acids  long as  the  minimum (17). 

A general  examination  of  the  distribution  of  these  conserved  regions  (figure  1)  shows  that  most 

of the M  segment  sequences  are  not  conserved,  based  on  the  criteria  used  in  the  MACAW 

program.  This  implies  that  only  small  areas  of  the  viral  glycoproteins  have  to  conform  to  a 

precise  structural  pattern. will  be  seen,  only  some  of  the  conserved  regions  are  currently 

associated  with  a  known  function,  and  this  analysis  therefore  allows the definition  of  additional 

sequences,  particularly  in  G2,  that  should  be  examined  experimentally  to  determine  their  actual 

importance  and  structural  role. 

We  have  recently  analysed  the  M  segment  sequence  using  two  separate  programs  that 

define  membrane-associated  regions  (14).  These  data  show:  for  G1,  a  signal  sequence  from aal 

to  23,  a  possible  transmembrane  domain  from  aa198  to  218,  and  two  transmembrane  domains 

spanning  aa459  to  51 1; for G2, a  "signal  sequence  from  aa621  to  645  and  a  transmembrane 

domain  from  aa1097  to  11  17. 

The  first  conserved  block in the  M  segment  is  from  aa61  to  67,  near  the  G1  N-terminus, 

and  falls  into  a  conserved  linear  epitope,  currently  mapped  from aa59 to 88  (12).  Interestingly, 

so far, the G1  monoclonal  antibodies  only  can  recognize  truncated  (linear)  epitopes,  while  no 

G2  monoclonal  sees a  linear  epitope  (13). 

From  aa417  to 499, there  are  three  conserved  blocks,  corresponding  to  a  transmembrane 

domain  in  G1,  and  its  associated  sequences.  As  we  have  recently  shown  using  mutation  and  laser 

scanning  confocal  microscopy,  this  region  of  the  molecule  is  necessary  and  sufficient  for  the 

Golgi-targeting of  G1 and,  through  structural  association,  of  G2  (14).  Given  that  the  Golgi- 

targeting  ability of  hantaviruses  is  likely  to  be  an  essential  part  of  the  virus'  life  cycle,  for 

example, as part  of  its  persistent  infection  ability  in  rodents,  we  should  not  be  surprised  that  this 

region  is  conserved.  Particularly  well-conserved  within  this  otherwise  strongly  hydrophobic 

region  are  several  hydrophilic  residues  (e.g.  serines,  threonines  and  histidines), as well as 

cysteine  residues,  and  this  implies  an  important  role  for  these  residues  in  Golgi-targeting, 

perhaps  as  elements  of  intra-  and  intermolecular  network  formation  within the membrane. 

The  next  conserved  block  is  between and 550, corresponding  to  the  presumed 

cytoplasmic of G1, which  may  have a  function  in  recognition  of  the  viral  nucleocapsids 

during  the  maturation  process.  Thus,  G1  appears  to  have  only  three  conserved  regions,  one 

presumably  externally  exposed  (the  epitope),  one  involving  a  transmembrane  region,  and  the 

third  of  currently  unknown  function. 

For  G2,  there  are  three  short and four  longer  conserved  regions  (figure  1).  The  short 

regions  (four,  four  and  six  amino  acids  respectively)  may  represent  exposed  regions,  and  could 
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FIGURE 1 

Amino  acid  sequence  comparisons  among  selected hantavirus genomic  M  segments.  Conserved 
regions,  based  on  the  MACAW  program  from  NIH, are shown  as  open  blocks. 

also  be  involved  in  contacts  between  G2  and  G1  that are  important  for  tertiary  structure 

generation.  The  first  two  longer  conserved  regions  (closer to the  amino  terminus)  may  also 

represent  exposed  regions  and  may  be  epitopes  for B or T-cell  activity. The  putative  "signal 

peptide"  for  G2  (from  aa621  to 645) is,  surprisingly,  not  well-conserved;  in  fact,  for  Pulmonary, 

El Moro Canyon,  Prospect  Hill  and  Puumala  viruses,  there  is no methionine  residue  present  to 

act  as  a  potential  initiation  signal,  suggesting  that  there  is  no  general  mechanism  for  internal 

initiation  of  translation  in hanraviruses that  would  generate  G2. 

The first  large  block  of  conserved  sequence  within  G2  is  from  aa657  to  676,  immediately 

following the "signal  peptide"  sequence,  and the second  is  roughly  in the middle  of  the  protein. 

Both  of  these  sequences  have  substantial  hydrophilic  character  and  may  be  involved  in  the 

generation  of  intra- or intermolecular  sructure. 

Like  the  G1  protein, the G2  protein  carboxy  terminus  is  more  conserved than the  amino 

terminus,  and  contains the remaining  two  large  conserved  regions.  This  may  be  partly  due to 

the  existence of  a  transmembrane  domain  in  G2,  which is close to the carboxy terminus.  Just 

amino  terminal to this  region  is  a  serine  residue  (aal124),  mapped  by  one  group  (15)  as  involved 

in fusion  of  the  cellular  membrane.  While  the  proposed  transmembrane  region of G2 is not 

precisely  picked  up as conserved,  by  the  MACAW  program, it has  several  structural  features  that 

are consistent  from  strain  to  strain,  as  well  as  conserved  hyrdophilic  residues  reminiscient  of  the 

G1  transmembrane  domain.  The  G2  transmembrane  domain also  contains the ER targeting  signal 
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FIGURE 

Phylogenetic  trees  of hantavimes and of their  rodent  hosts.  The  upper  panel  shows  the  rodent 
tree  and the lower  the  virus  tree.  The  abbreviations  in  brackets  beside  the  rodent  names  refer 
to  the  associated  banfavirus.  Neither  vertical  nor  horizontal  distances  are  to  scale. 

for the  protein,  which  presumably  resides  in  the  highly  positively-charged  region  close  to  the 

molecular  terminus.  Although  there are exact  residue  similarities  in  this  putative ER targeting 

region, the lysine-rich  motifs  in the different  virus  strains may  represent  the  important 

ER elements (19). 

Relationships between the viruses and their  hosts. 

Since  Homo saDiens is the  only  apparent  opportunistic  host  for  hantaviruses, it is not 

surprising  that  different  virus  strains  cause  quite  different  diseases in man. On the  other  hand, 

we  can  speculate  from  these  data  that huntuvimes  are very old  viruses,  residing  in  different 

rodent  species  for  considerable  lengths  of  time.  Indeed it is possible  that  these  viruses  were 

resident  in  rodents  before  they  evolved  into the species  we  know  today,  with  their  quite  different 
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ecological  habitats.  Because  of  this,  perhaps  genomic  reassortment  did  not  play  a  major  role  in 

hantavirus  evolution;  thus  far,  there  is  good  evidence  for  only  one  case  of  reassortment,  and 

whether  it  is  important for epidemiology  remains to be  seen  (16,  17).  Actual  intermolecular 

recombination  (as  opposed  to  reassortment)  is  also  potentially  involved  in  evolution,  but  there 

is no evidence  that  this  mechanism  functions  in  these  viruses.  Based  on  these  arguments,  it 

would  be  interesting  to  compare  the  phylogenetic trees of hunruvimes with  those  of  their  rodent 

hosts,  as  has been done with papillomaviruses and human raws. In figure 2, we  show the 

phylogenetic tree of  eight hunruviruses (20,  22,  23)  alongside  the  phylogenetic  tree  of  the  rodent 

hosts  (21).  There  is a  striking  similarity  between  the  two trees, although  the muridue have  three 

main  limbs  compared  to two for  the  viruses.  Among  the  US  viruses,  it  is  not  clear  how  El  Mor0 

Canyon  virus is related to Black  Creek  Canal  virus,  although  both  of  these  have  about  75-80% 

homology in the  glycoprotein  region with Sin  Nombre  virus.  Thus  the  likelihood  that  these  viruses 

of  ancient  origin  and  have  evolved  with  their  rodent  hosts  seems  strong. 

Finally,  the base  composition  of  viruses  can  also  be a useful  guide to their  origin  and 

evolution. Hanraviwes have a C+G content  of  about 40%, close to the C+G content of human 

(and  mammalian)  DNAs,  while  larger  viruses,  such  as  herpes  simplex  viruses,  have  much  more 

divergent C+G content.  For hunruvimes, which  need to use  the  mRNA  caps of the  host  cell 

and  do  not  shut  off  host RNA synthesis,  it  would  make  sense  to  have a genome  that is 

characteristic of the  host  genome.  This also implies  that  these  small RNA viruses  may  have been 

derived  from  or  co-evolved  with  host  cell  sequences  at  some  point  in  their  evolution. 
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ABSTRACT 

In  1989  the  hepatitis  C  virus  was  cloned,  some 20 years  after  the  first  suggestion  that 
hepatitis  C  virus(es)  (HCV)  existed.  Since  that  time  there  has  been  rapid  development  of 
serological for  detection  of  antibody  to  HCV  and  molecular  tests  for  detection,  quantitation, 
and  characterization  of  HCV  RNA.  The  development  and  performance  characteristics  of  these 
test  methods  are  reviewed  and  their  implications  for  diagnosis,  prognosis,  and  monitoring 
patients  on  therapy  are  discussed. 

DISCOVERY 

For more  than  twenty  years  researchers  sought  the  virus  or  viruses  that  were  thought  to 

be  the  cause  of  non-A,  non-B  (NANB)  hepatitis.  Attempts  to  identify  a  virus  by  conventional 

immunological  and  virological  methods  failed  (1).  In  1989,  a  group  from  Chiron  Corp., in 

conjunction  with  the  CDC  cloned  a  portion  of  the  hepatitis  C  virus  (HCV)  genome  from  the 

blood  of  a  chimpanzee  inoculated  with  sen  .m  of  a  patient  with  NANB  hepatitis (2). The  HCV 

is  now  recognized  as  the  major  cause  of  what  used  to be known  as  NANB  hepatitis. 

VIROLOGY 

HCV  has  a  single-stranded 9.4 kb  positive-sense  RNA  genome. It  contains  one  large 

open  reading  frame  capable  of  encoding  a  polyprotein  precursor  of  3011  amino  acids(3).  HCV 

is  most  closely  related  to  the  pestiviruses  (e.g.,  bovine  viral  diarrhea  virus,  and  hog  cholera 

virus),  and  flaviviruses  (e.g.,  yellow  fever,  Dengue,  and  Japanese  encephalitis  viruses).  HCV 

is  thought  to be a  distinct  genus  in the Flaviviridue family.  The  virus  has  proven  difficult  to 

cultivate  and  has  not  yet  been  visualized  by  electron  microscopy. 

The  structural  proteins  are  encoded at the 5’ end  of  the  genome.  The 5’ non-coding 

region  (NCR)  of nucleotide  precedes  the  large  coding  sequence  and  is  the  most  highly 

conserved  region of the  genome. It may  contain  an  internal  ribosome  entry  site  and  play  an 
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important  regulatory  role  during  viral  replication.  The  genome  encodes structural  proteins; 

an  unglycosylated,  basic  core  protein,  and two putative  envelope  glycoproteins  designated El 

and  E2.  Four  non-structural  (NS)  domains  follow;  NS2  to  NS5.  The  NS2  protein  is  extremely 

hydrophobic  and its  function  has  not'  been  defined.  NS3  protein  contains  a  viral  protease 

involved  in  polyprotein  processing,  and  a  putative  RNA  helicase  involved  in  unwinding  the 

genome  for  replication. 'The NS4  region  is  extremely  hydrophobic,  varies  considerable  between 

and h a s  no  known  function.  The  NS5  region  encodes  a  RNA-dependent  RNA  polymerase 

that  replicates  the  genome  (4). 

Variable  regions  throughout  the  HCV  genome  have  been  identified  including  the  NS3, 

NS4,  NS5,  core, El, and  the 5' NCR.  Based on phylogenetic  analysis  of  the  NS5  and El nt 

sequences  from  samples  around  the  world,  there  are 6 major  genotypes (5). The  major 

are  further  divided  in  a  more  closely  related Genotype  is  designated  with  an  Arabic 

number  and  subtype  by  a  lower  case  letter.  Genotypes 1, 2  and  3  have  broad  distribution, 

whereas,  the  others  have  more  restrictive  geographic  distributions.  Subtypes la and lb are 

common  in  the U.S. Patients  with  HCV  type 1 have  lower  response  rates  to  interferon  therapy 

than  those  infected  with  HCV  types  2  and 3. The  genome  plasticity  is  also  demonstrated  in 

individual  patients,  where  the  virus  exists  simultaneously  as  a  series  of  related,  but 

immunologically  distinct,  variants  termed  "quasispecies"(6).  Although  mutations  occur 

throughout  the  genome,  most  of  the  mutations  leading  to  escape  variants  occur  in  a  hypervariable 

region  of E2/NSl. 

DISEASE 

Prior  to 1990, =250,000 new  cases  of  hepatitis  C  occurred  annually  in  the U.S. About 

25% of  infected  individuals  become  ill  with  hepatitis.  Among  patients  in  long  term  follow-up. 

at  least 70% have  persistent or intermittent  ALT  elevations.  In  those  with  ALT  elevations,  liver 

biopsy  almost  always  confirms  the  presence  of  chronic  inflammatory  change.  HCV  infection 

can  lead  to  cirrhosis  and  hepatocellular  carcinoma.  End-stage  chronic  hepatitis  C  is  now  one 

of  the  leading  indications  for  liver  transplantation.  The  frequencies  of  these  serious 

consequences  of  HCV  infection  are  still  being  defined  (4). 

HCV  is  transmitted  through  exposure  to  blood (7). Blood  transfusion,  hemodialysis 

intravenous  drug  abuse,  and  occupational  exposure  to  blood  are  risk  factors.  Transmission  to 

sexual  and  family  contacts  is  uncommon, as is  perinatal  transmission  from  infected  mother  to 

child.  Many  infected  individuals  have  no  identifiable  risk  factors. 

Interferon  alpha  is  the  only  agent  of  proven  efficacy  in  the  treatment  of  hepatitis  C (8,9) 

Standard  treatment  is  3  million  units,  three  times per week  for  6  months.  Nearly  all  patients 

relapse  and  require  retreatment.  A  sustained  improvement  was  seen  in  only 10 to 51% of 
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patients  enrolled  in  treatment  trials.  HCV  genotype  and  viral  load  seem  to  influence  response 

to  interferon (10,ll) . 

SEROLOGICAL TESTS 

Shortly  after  the  discovery  of  HCV,  an EIA was  developed  to  detect  antibody  to  a  cloned 

peptide (cll0-c) (12,13).  The  second  and  third  generation EIAs include  various  mixtures  of 

recombinant  antigens,  and  detect  a  broader  range  of  anti-HCV  antibodies  (14).  The  presence 

of  antibody to HCV  is confrmed by  the  use  of  supplemental  assays.  The  most  common 

supplemental  assay  is  a  recombinant  immunoblot  assay (RIBA) (15).  The  recombinant  antigens 

included  in  each  successive  generation  of RIBA (1 to 3)  have  been  changed  to  improve  the 

performance  characteristics  of  the  test  (16).  These  serological  tests  are  important  tools  for 

screening  blood  donors  and  for  diagnosis  of  HCV  infection  in  symptomatic  patients.  To  date, 

there  are no commercially  available  tests  for  IgM  anti-HCV  antibody, or for HCV  antigens. 

False-positive EIA results  may  be  due  to  nonspecific  antibody  interactions or cross 

reacting  antibodies.  False-negative EIA results  may  be  due  to  selection  of  the  capture  antigens, 

window  of seronegativity,  fluctuating  antibody  titer,  immunosuppresion, or HCV  genotype. 

HCV  antibody  tests do not  distinguish  between  current  and  previous  disease. 

HCV RNA DETECTION 

Indications  for  HCV RNA testing  include:  suspected  acute  hepatitis  C  prior  to 

seroconversion;  suspected  chronic  hepatitis  C  in  seronegative  patients;  resolution  of 

indeterminate RIBAs; monitor  patients on interferon  therapy;  evaluation  of  occupational  exposure 

from a high-risk  source;  and  virological  safety  testing  of  plasma  products.  Reverse 

transcription-polymerase  chain  reaction  (RT-PCR)  has  been  used  extensively to demonstrate 

HCV RNA in  serum or plasma  (17).  Early  attempts  were  made  with  nested  primer  RT-PCR 

(18). Nested  RT-PCR  greatly  increases  the  amount  of  product DNA and  obviates  the  need  for 

hybridization  with an oligonucleotide  probe,  but  the  sequential  PCRs  require  transfer  of  reagents 

which  increases  the  likelihood  of  false-positives  due  to  product  carry-over  contamination.  Single 

primer  pair  RT-PCR  followed  by  hybridization  with  a  probe  has  similar  analytical  sensitivity  but 

with  fewer  opportunities  for  cross-contamination. It has  become  clear  that  sample  integrity, 

method  of RNA isolation,  and  primer  selection  are  all  important  determinants  in  the  overall 

performance  of  RT-PCR  assays for  detection of  HCV RNA (19,20). 

A commercially  available  single  enzyme  RT-PCR  (AMPLICOR  HCV  Test,  Roche 

Molecular  Systems)  represents  a  significant  advance  and  should  help  standardize  HCV RNA 

detection  (21). A DNA  polymerase  from Thermus thermophifus, in  the  presence  of  manganese 

carries  out  both  the  reverse  transcription  and DNA polymerase  functions.  Use  of  a  single 

enzyme  to  carry  out  both  functions  has  several  distinct  advantages.  The  RT-PCR  can  now  be 
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done  in  a  single  tube  which  reduces  the  potential  for  contamination.  Since  the T. thermophilus 

enzyme  is  heat-stable,  the  RT  step  can  be  done  at  a  higher  temperature  that  increases  the 

specificity  of  primer  extension  and  is  compatible  with  uracil-N-glycosylase  protocol  for  carry- 

over  prevention.  The  AMPLICOR  HCV  Test  has  compared  favorably  with  "home-brewed"  RT- 

PCR  assays  in  two  clinical  evaluations  (22,23). 

Although  the  HCV  RNA  assays  complement  the  available  serological  tests,  the 

technology  is  not  without  limitations  (24).  The  viremia  in  chronic  HCV  infections  may  be 

intermittent, so a  single  negative  RT-PCR  does  not  rule  out  infection.  The  technology  is 

expensive  and  not  currently  feasible  for  large  scale  screening.  There  is  no  standardized  method 

for  detection  of  HCV  RNA.  Finally,  proficiency  testing  programs  in  Europe  (Eurohep)  and  the 

US. (CAP)  indicate  that  many  laboratories  have  serious  problems  distinguishing  positive  from 

negative  samples  (25). 

HCV RNA QUANTITATION 

The  quantitation  of  HCV  RNA  in serum may be important  as  a  prognostic  indicator,  to 

assess  virological  response to interferon  therapy,  and  to  monitor  patients  receiving  therapy. A 

variety  of  methods  have  been  used  to  quantitate  HCV  RNA  including,  endpoint  dilution  RT-PCR 

(261, competitive  RT-PCR  (271,  multicyclic  RT-PCR  (28),  nucleic  acid  sequence  based 

amplification  (29),  RT-PCR  with  a  single  internal  quantitation  standard  (30),  and  branched  DNA 

(bDNA)  (31).  Truly  quantitative  RT-PCR-based  assays  are  difficult  to  construct  because  the 

efficiency  and  kinetics  of  amplification  may  vary  between  specimens.  Since  the  total 

amplification  of  the  target  molecules  is  described  by  the  equation (1 +x)"  where  x  is  the  average 

per cycle  efficiency  and n is  the  number  of  cycles, it  is  easy  to  understand  how  minor  variations 

between  samples  can  be  exponentially  compounded.  In  contrast,  bDNA  is  essentially  a  series 

of  simple  hybridization  reactions  involving  capture,  target,  amplifier,  and  label  probes  that  does 

not  depend  upon  amplification  of  the  target  molecules  and,  as  a  result, is inherently  more 

quantitative  but  less  sensitive  than  RT-PCR  based  methods. 

Two  assays  RT-PCR  with  a  single  internal  quantitation  standard  (HCV  MONITOR, 

Roche  Molecular  Systems),  and  bDNA  (Quantiplex  HCV,  Chiron)  are  currently  available  as 

research  use  only  kits.  Much of the  data  documenting  response to interferon  in  clinical  trials 

has  been  collected  with  the  Quantiplex  assay.  Quantiplex  provides  quantitative  results  over  a 

3  log  dymaic  range  (Quantiplex  version  2; 2x16 to  57x10' genome  equiv./ml), and is  very 

reproducible  (CVs 220%). The  second  version  of  the  Quantiplex  assay  was  released  in 

January  1996  and  provides  for better quantitation  of  HCV  genotypes  2  and  3  (32.33). 

Quantiplex  version  1  underestimated  the  HCV  RNA  levels  of type 2  by  a  factor of 3  and  type 

3  by  a  factor  of  2.  Monitor  also  provides  quantitative  results  over  a  3  log range (1.0xlb to 

5.0xld copies  /ml)  but  is  less  reproducible  than  Quantiplex  (CV 240%). Monitor  values are 
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on average 10- to 20-fold  less  than  Quantiplex  values  for  the  same  sera Although  the 

relative  accuracy  of  the  two  assays  cannot  be  assessed  without an independently  quantitated 

“gold  standard’  HCV  RNA  preparation,  the  proportional  systematic  error  appears to  be  greater 

with  the  MONITOR  assay Both  MONITOR  and  Quantiplex are  highly  complex  tests  that 

require  skilled  operators to achieve  reliable  results  but  are  feasible for routine  clinical  use.  HCV 

RNA  quantitation  has  proven to be  a  valuable  research  tool  but  its  role in the  management  of 

individual  patients  needs  to  be  clarified. 

GENOTYPING  AND  NUCLEIC  ACID  SEQUENCE  ANALYSIS 

The  effects  of  interferon  differ  among  the  various  HCV  genotypes.  Genotype lb  is 

resistant to  interferon,  with  rates  of  complete  response  from 10 to in  published  trials.  In 

contrast,  complete  response  rates  with  genotypes  2a  and  2b  are  reported to be 60 to 90%. 

Within  genotype lb, response to interferon  is  correlated  with  the  number  of  mutations  in  the 

NSSA  gene Genotyping  and  nucleic  acid  sequence  analysis  may  provide  important 

information  that  can  help  predict  response to  therapy. 

HCV  genotypes  also  differ  in  their  biological  effects.  HCV  type lb  is  associated  with 

lower  HCV  RNA  levels  and  a  higher  prevalence  of  cirrhosis  in  alcoholics  than  type la. HCV 

type la is  associated  with  a  more  aggressive  course  of  viral  hepatitis  following  liver 

transplantation  than  type lb. Type  2  is  associated  with  a  greater  degree  of  inflammatory 

activity  in  the  liver  than  in  type  1.  Variations  in  HCV  genotypes  have  major  implications  for 

design  of  HCV  diagnostics,  therapeutics,  and  vaccines. 

A  variety  of  methods  and  regions  of  the  genome  have  been  used  for  genotype  analysis. 

Sequence  analysis  from El, NS5,  core,  and 5’  NCR  regions  have  been  used to construct 

phylogenetic  trees For  the  most  part  there  is an excellent  concordance  among  the  types 

and  subtypes  assigned  based on different  HCV  genomic  regions.  The NCR is so well 

conserved  that  not  all  subtypes  are  represented  when  it  is  used  for  phylogenetic  analysis.  Full 

partial  sequence  analysis,  restriction  fragment  length  polymorphism  analysis,  type-specific 

RT-PCR,  and  a  line  probe  assay  have  all  be  used to genotype  HCV. 

A  line  probe  assay  kit  (Innogenetics)  is  available  for  research  use It employs  a  RT- 

PCR  to  amplify  a  sequence  from  the 5’  NCR  region  and  a  membrane  with  immobilized  probes 

to  detect  internal  variable  sequences  within  the  biotinylated  PCR  product.  Reactive  lines  are 

visualized  colorimetrically  using  a  streptavidin-alkaline  phosphatase  conjugate  and  a  substrate. 

The  pattern  of  reactive  lines  defines  the  genotype.  The  line  probe  assay  discriminates  between 

the  most  common  genotypes  and  demonstrated  excellent  concordance  with  reference  methods  in 

two  recent  evaluations 
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HEPATITIS  C  DIAGNOSTIC  TESTS:  CURRENT  STATUS 

The  practicing  clinician  can  use  the  following  diagnostic  aids  to  evaluate  patients  with 

suspected  hepatitis  C: 1) measurement  of  ALT  levels, 2) liver  biopsy, 3) serological  tests  (EIA 

and  RIBA),  and 4) molecular  methods  (RT-PCR,  bDNA,  and  sequence  analysis) (39). 

Elevated  ALT  levels  merely  defines  existing  liver  disease  and  correlates  poorly  with 

HCV-related  disease  activity,  particularly  in  chronic  hepatitis  C (40). Significant  histological ' 

abnormalities  may be found  among  HCV-infected  persons  with  normal  ALT  levels (41). 

Liver  biopsy is important in evaluation  of  patients  with  chroNc  but  not  acute  hepatitis C. 

Biopsies  provide  useful  baseline  measures  of  disease  severity  and  also  provide  useful  prognostic 

information  on  the  potential  for  treatment  response,  The  presence  of  cirrhosis  diminishes  the 

likelihood  for  successful  treatment (42). 

The  presence  of  anti-HCV  antibody  almost  always  indicates  true  HCV  infection, 

particularly  when  the  ratio  of  sample  valuekutoff  value  exceeds 2.5 (39). Antibody  tests are 

usually  negative  in  acute  hepatitis C. Patients  with  persistently  norinal  ALT  values  and  EIA 

reactivity,  particularly  if  they  have  no  symptoms,  require  RlBA  testing. Indeteninate RlBA 

results  may be resolved  using  RT-PCR. 

If treatment  is  contemplated,  a  baseline  HCV  RNA  level  by  bDNA or quantitative  RT- 

PCR  and  genotype  determination  are  useful.  Best  response  rates  are  seen  in  patients  with  lower 

levels  and  in  patients  infected  with  type 2 and 3. Mutation  analysis  of NS5A region  in  HCV 

type l b  may also  help  predict  response. If ALT  values do not  return to normal  within 1 to 3 

months of treatment,  the  likelihood of later  success  is  low,  and  treatment  may be stopped.  If 

ALT  values  return  to  normal, a second  HCV  RNA  level  should be done;  and  if  HCV  RNA is 

detected,  the  likelihood of a  sustained  response  is low. An  increased  interferon  dose  may be 

considered  in  these  patients.  If  the  HCV  RNA  is  not  detected  by  bDNA or quantitative  RT- 

PCR,  a  sensitive  quantitative  RT-PCR  should be done to confirm the absence  of  viremia (43). 

If  the  virus  still  persists,  even at low  levels,  the  likelihood  of  success  is  low.  Here  too,  an 

increased  interferon  dose  might be considered. If qualitative  RT-PCR  is  negative,  the  treatment 

will  probably  be  successful.  Successful  treatment  is  defined  as  the  persistent  absence of HCV 

RNA for  at  least 6 months  after  therapy  is  discontinued. 
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ABSTRACT 

Cytomegalovirus  (CMV)  infection  is  ubiquitous  and  results  in  a  wide 
spectrum  of  clinical  manifestations  ranging  from  asymptomatic  infection to 
severe  life  threatening  disease.  Infection in  normal  children  and  adults 
usually causes no  symptoms  but  in  the imnmuncompromised host,  CMV may 
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result in severe opportunistic  infections  with  high  morbidity  and  mortality, 
Historically, virus detection was dependent  on  culture  of  the  virus or on a 
centrihgation culture  system  referred to  as a shell  vial  assay.  The  .shell  vial 
assay  frequently  lacked  sensitivity  and  was  unable  to  detect  infection  in  its 
early  phase. Also, as with  culture  assays,  the  results  were  affected  by 
antiviral  therapy.  The  CMV  antigenemia  assay  was  developed  to  .provide 
more  rapid  results  and  has  gained  wide  usage.  This  assay  is  limited to 
detection  of  the  virus in  white  blood  cells  and  is  more  sensitive  than  culture  or 
the  shell  vial assay. 

Application  of  the  polymerase  chain  reaction  (PCR) to these  problems 
has  resulted  in  the  development  of  assays  for  CMV  which are more  sensitive 
than  previously  available  methods.  This  method  employs  liquid  hybridization 
with 32P labeled  probes  and gel  retardation  analysis  for  detection  of  amplified 
DNA  specific  for  each  virus. 

A comparison  of  the  detection  of  CMV by  an  antigenemia assay or the 
PCR  method  in  the  leukocytes  of  renal  transplant  patients  revealed  that  the 
PCR  assay detects cytomegalovirus  earlier  and  more  consistently  than  the 
antigenemia assay. 

analysis  of  the  acrylamide  gel  with a laser  scanner  provides  additional 
sensitivity  to  the  detection  of  cytomegalovirus, as well as avoiding  the  use of 
radioactivity,  making  the  assay  more  adaptable  to  the  clinical  laboratory. 

Finally,  the  application  of a fluorescent  dye  detection  system  and  image 

Key  Words:  Polymerase  Chain  Reaction,  Antigenemia,  Cytomegalovirus 

INTRODUCTION 

Cytomegalovirus  infection in immunocompromised  patients is a major 

cause  of  morbidity  and  mortality.  Some  reports  indicate  that as many as 90% 

of  bone  marrow  and  kidney  transplant  recipients  develop  CMV  infections, 

either  due  to  reactivation  of a latent  virus  by  immunosuppressive  drugs by 

transmission  of  the  virus  from a latently  virus  infected  donor (1-3). The 

current  growth in the  number  of  organ  and  tissue  transplants  has  markedly 

increased  the  need  for  rapid  and  reliable  diagnosis  of  this  virus (43). 
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Diagnosis  of  CMV  may  be  performed by 1) conventional  cell  culture 

using  human  fibroblasts, 2) shell  vial  centrifbgation  culture also employing 

human fibroblasts as well as monoclonal  antibodies  and  immunofluorescent 

staining  techniques, 3) serological  methods,  4)  the  CMV  antigenemia assay 

which  employs  monoclonal  antibcdy  to  detect  CMV  antigen in peripheral 

blood  leukocytes, or 5) nucleic  acid  hybridization  detection.  All  of  these 

techniques  have  their  limitations. 

Conventional  cell  culture  is  sensitive,  but  slow.  Cytopathic effects 

(CPE) may take 14 days  or  more to develop.  The  shell  vial  assay is more 

rapid  requiring  24 - 48  hours  for  initial  immunofluorescence  detection. 

Additionally  all  culture  methods  may  be  affected  by  antiviral  therapy. 

Serological  studies may  not be  helpful  in  diagnosis  of  an  active 

infection,  since  CMV IgM antibodies may  not  be  present in reactivation 

infections  or in the  ilntnunocompromised  host.  Alternatively I g M  antibodies 

may persist  for  months  after  the  infection is resolved. 

Antigenemia  assays  have  been  shown to be  sensitive  and  specific, but 

they are labor  intensive  and  can  only  be  applied to peripheral  blood 

leukocytes.  Comparative  studies  have  indicated  that  the  antigenemia assay is 

more  sensitive  than  either  virus  culture or the  shell vial assay(4,5). 

The  polymerase  chain  reaction  (PCR)  allows  for  the  selective 

amplification  of DNA sequences to which  oligonucleotide  primers  can  be 

specifically  hybridized. When  applied to the  diagnosis of CMV  this  method 

compared  favorably  with  virus  isolation , in  situ  hybridization,  and  southern 
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blotting (6-14). Others  have  compared  the  antigenemia  assay  with  PCR  and 

the  PCR  has  performed as efficiently or slightly  more  efficiently in the 

detection of CMV (1 5,18). PCR  has  the  added  advantage  of  applicability to 

specimens  other  than  peripheral  blood  leukocytes. 

We  have  compared  the  antigenemia  assay  with  PCR for the  diagnosis 

of  CMV  infection in renal  transplant  patients  and  have  developed a 

fluorescent  PCR  which  can  detect  cytomegalovirus  without  loss of sensitivity 

and  without  the  necessity  of a radioactive  hybridization step. 

MATERIALS AND METHODS 

Patients  and  Specimens:  One  hundred  thirteen  heparin  treated  blood  samples 

were  obtained  from 16 renal  transplant  patients (#l-16), five  HIV  positive 

patients (#l 7-2 l), three  patients  with  non-CMV  diagnosis (#22-24), and  one 

patient  with  CMV  pneumonia (#25). Antigenemia  assays  were  performed  by 

the  Virology  Laboratory  at  Erie  County  Medical  Center,  Buffalo, NY. PCR 

assays  were  done in  the  Laboratory of Molecular  Diagnostics for Infectious . 

Agents  at  Roswell  Park  Cancer  Institute.  Samples  for  PCR  were  transported 

on  dry ice. All assays  were  blinded. 

Fluorescent  assays  were  performed  on  ACD  (acid/citrate/dextrose) 

treated  blood  samples from  bone  marrow  transplant  recipients  at  Roswell 

Park  Cancer  Institute,  submitted  to  the  Molecular  Diagnostics  Laboratory  at 

Children’s  Hospital of Buffalo for PCR  screening for CMV. 
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Preparation  of  peripheral  blood  leukocytes  (PBL):  Leukocytes were 

separated from  whole  blood by sedimentation  with 5% dextran as described 

by  van der Bij, etal. Six mL of  whole  blood  was  mixed  with of 

5% dextran  solution  in  phosphate  buffered  saline  (PBS).  The  blood  was 

incubated  at 37" C  for minutes  at  a  45"  angle  until  the  blood  separated 

into layers, The  upper  layer  containing  the  PBLs  was  transferred to a  sterile 

tube  and  centrifuged  for  10 min  at  300 x g. The  contaminating  red cells were 

lysed  using 5 mL of lx red  cell  lysing  solution ammonium  chloride, 

% potassium  bicarbonate,  0.037%  EDTA).  The  leukocytes  were  washed 

with 5 mL of PBS,  pH The steps were  repeated  if  red  blood cells were 

still present.  The  remaining  cell  pellet  was  suspended  in 1 m n L  of  PBS,  pH 

7.4  and  a  cell  count  was  performed.  Peripheral  blood  leukocytes were 

resuspended  at  a  concentration  of 1 x lo6 cells  per mL in Balanced 

Salt  Solution  (Gibco).  Cell  pellets  containing 2 x lo6 cells  were  prepared  and 

frozen  at C  for  the  PCR assays. Aliquots  for  the  antigenemia assay were 

prepared  at  1.5  x cells/mnL in PBS  at  pH 7.4. 

Antigenemia  Assay:  Cytospin  slides  were  prepared  according to the  reported 

procedures van der  Bij, et.al. Briefly,  slides  were  prepared  by 

cytocentrifugation  to  contain  approximately 50,000 PBLs.  Two  slides  from 

each  specimen  were  examined.  Most  of  the  PBLs (95%) were 

polymorphonuclear  leukocytes.  Slide  preparations  were  fixed  with  formalin 

and 0.5% Nonidet  P40  (United  States  Biochemical,  Cleveland, was 

employed  for  cell  membrane  permeabilization as described  by  Gerna et, al. 

(1 9). Slides  were  incubated  with  mouse  monoclonal  antibody  mixture (IgGI) 
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C10, Cl 1  directed  against  the  CMV  lower  matrix  phosphoprotein  (pp65) 

(Biotest  Diagnostics  Corp.,  Denville,  NJ  and  Biotest  AG,  Dreich,  Germany). 

After  washing  the  slides  were  incubated  with  goat  anti-mouse  FITC 

conjugates  (Biotest).  Positive  cells  demonstrated  apple  green (IF) nuclear 

staining  when  viewed  under  200 x magnification  using  the  appropriate 

microscopy.  Results  were  expressed  quantitatively as number  of  positive 

cells  per 50,000 PBLs. 

DNA  Extraction:  High  molecular  weight  DNA  was  purified  from  leukocytes 

using  proteinase K extraction  and  ethanol  precipitation  (20,2  1).  The  pellet of 

peripheral  blood  leukocytes  was  resuspended in 200 of l O O m M  KCI, 

lOmM  Tris,  pH 8.3, 150 MgC12 to  create  a  single  cell  suspension.  The 

pellet was then  transferred  to  a  cryovial  tube  containing  200 of 10 

Tris,  pH 8.3,25 mM MgC12, 1% Nonidet  P40  and 1% Tween 20 to dissolve 

the  cell  membrane  and  inhibit DNAse and  RNAse.  Proteinase K (Amresco, 

Solon, OH) was  added  to  a  final  concentration  of  120  and  the  solution 

was  incubated  at  37" C overnight or at 60" C for 1 hour.  The  proteinase K 

was  inactivated at 98" C for  10  min,  and  the  DNA  extract (200 pL,) was 

transferred to a  1.5 microcentrifuge  tube.  The  salt  concentration  was 

adjusted  to 0.2 M NaCl  and two volumes  of  cold  absolute  ethanol was added. 

The  mixture  was  precipitated  at -70" C for  at  least  1  hour  and  the  precipitated 

DNA was collected by centrifugation  in  a microcentrihge at 14,000  x  g  for 

15  min. at 4" C. The  pellet was air  dried  and  redissolved in 200 pI., water. 

Polvnerase Chain  Reaction:  Polymerase  chain  reaction  was  performed  using 

immediate  early  antigen (IE) primers  and  late  antigen  (LA)  primers 

corresponding  to  conserved  regions the genome.  Primer  sequences 
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are given in Table I. additional set of  primers,  specific for the  T  cell 

receptor beta chain  constant  region  gene  (TcWpc) were also used as control 

to assure the  integrity  of  the  DNA  extracted  from  patients  specimens  and to 

detect inhibition of polymerization  in  the  extract.  -Amplifications were 

performed  in  a  total  volume  of consisting  of pL of DNA  or 

control solutions in  water, 1.5 MgC12, Tris/Cl, pH 

KCl, 0.01% gelatin, 0.2 uM dNTPs, 0.2 uM of each  primer  and 1.0 unit of 

Taq  Polymerase  (Perkin-Elmer,  Norwalk,  CT).  Samples were overlaid  with 

drops of mineral  oil  and  amplified  in  a  Perkin  Elmer thermal  cycler. 

The amplification  program  included  a 5 min denaturation step at C 

followed by cycles of 1 min at C, min at 55" C  and 2 at 72" C. 

Control DNAs: Positive  control  DNA  for  CMV  was  obtained  from 

Advanced  Biotechnologies  Inc.,  (Columbia, MD). These DNA preparations 

were extracted virus preparations  which  were  quantitated for tissue 

culture  infectious dose, 50% (TCIDSO), so that  dilutions  of  the DNA could  be 

used to approximate  the  concentration  of  original  infectious Negative 

control DNA was  extracted  fiom  cultured  Jurkat  cells (NM AIDS Research 

and Reference Reagents  Program,  contributed by Dr. Arthur  Weiss)  a  human 

cell line. 

Liquid  Hybridization  and  Gel  Retardation:  Radioactive  detection of amplified 

DNA was conducted as described  previously (2 1) Briefly,  oligonucleotide 

probes  were 5' end  labeled  with 32P by  incubating 40 pM  of  probe  with 60 

uCi  of  gamma 32P ATP  and units of T4 polynucloetide  kinase  for 1 hour  at 

C. Hybridization  was  performed  in  a  total  volume of 50 pL, containing 

pL of  PCR  amplified  DNA, pL of a  reaction  mixture  containing 2.5 x 
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TABLE I 

Primer ~ e a u e n c e ~  FraPment  lenpth 

CMVLA+'  CAC  GCA  ACT  TTT GGC CGC CAC ACC TGT  CAC 417 
CMVLA- CAC CAC GCA GCG GCC  CTT  GAT GTT T 
CMVILA PRO TAG  GTG  CTT  CGG  CTC ATC ACC AAC GTG GAA 

TcWj3c GTG  TTC  CCA  CCC  GAG  GTC  GCT  GTG  TTT  GAG  CC 124 

T c W b  PRO ATC AGA AGC AGA GAT  CTC  CCA CAC CCA CAC ACT G 
TcRIBc- GTG  CTG ACC CCA CTG TGC ACC TCC  TTC  CCA TT 

1 CMV late antigen primers and  probe 

' CMV immediate-early protein primers and  probe 

4 
T cell receptor  Beta  constant region gene primers. 
Primers  and  probes  for  CMV.are  protected by patent  applications 
#08/428,370 & 081600,764 

lo5 cpm  of  labeled  probe in 0.15 M NaCI.  Labeled  probes  and  PCR  products 

were  denatured  at 98-100" C for min  and  annealed at 55" C for 1 hour. 

Following  hybridization, 20 pL of each  sample was electrophoresed  on a 5% 

acrylamide  gel  at 200 V for 1 hour in TrisBorateEDTA (TBE)  buffer.  The 

gel  was  placed  on  filter  paper,  packaged  into a plastic  bag  and  exposed to 

Kodak  X-OMAT AR film (Eastman  Kodak,  Rochester,  NY)  at  room 

temperature  overnight.  Film  were  developed  using a Kodak X-OMAT 

Processor  (Eastman  Kodak,  Rochester, NY). 

Contamination  Controls:  Sample  preparation  and  analysis of amplified 

products  were  conducted in separate  laboratories. All reagents  were 
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aliquoted,  only  pipette  tips  containing  barriers  and  dedicated  pipetting 

equipment  were  used  and  all  other  recomniended  precautions  were  adhered to 

(15). Each  sample  was  tested  three  times in three  different  experiments  and 

only  samples  giving  positive  results  with  both sets of  primers  and  with  the 

TcWpc primers  were  considered  positive. 

Fluorescent  Detection:  Detection  of  amplified  DNA  on  acrylamide  gels  with 

SYBR Green (Molecular  Probes, Inc.) using  the  FluorImager  (Molecular 

Dynamics,  Inc.) was as described in  reference 20. Briefly,  amplified  DNA , 

(20 pL) was  mixed  with 5 pL of  loading  buffer,  containing 

Bromphenol  Blue,  50%  glycerol  and  a  1:20,000  dilution  of  SYBR  Green as 

received from the  supplier.  After  electrophoresis,  without  removing  the  gel 

from  the  glass  plates, it was  inserted  into  the  FluorImager.  The area to be 

scanned was selected.  Scan  conditions  were  a  pixel  size  of  200  microns, 

normal  scan  speed,  digital  resolution of 16 bits,  one  channel  and  PTM  voltage 

of 500. Filter and  filter  1  were  calibrated  to 515 tLc.  The  scan  required 

under thee minutes  and  the  computerized  image  was  enhanced  and  labeled 

directly for production  of  a  hard  copy. 

RESULTS 

We  have  assayed 1 13 specimens  fiom 25 renal  transplant  patients  by 

an  antigenemia  assay  and  by  PCR  for  the  presence  of  CMV.  Figure 1 is an 

example  of  the  actual  data  produced.  Each  panel  shows  a  reagent, no DNA 

control,  six  patient  specimens,  a  negative  DNA  control  and two 

concentrations  of  positive  control  CMV  DNA.  Patients  specimens  in  lanes 2, 

4, 5, and 7 were  positive for both  the  immediate  early  protein  gene,  in  the top 
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Figure Autoradiogram  showing  the  liquid hybridizatiodgel retardation 
analysis of amplified  cytomegalovirus  DNA  in  the  leukocytes  of  renal 
transplant  recipients.  Upper  left  panel  represents  amplification of the 
immediate  early  gene.  Upper  right  panel  represents  amplification of the late 
antigen  gene.  Bottom  panel shows amplification  using  the TclUpc primers 
as evidence  that  the DNA extract from  patient  specimens  was  adequate to 
support  amplification.  Lane I ,  reagent  control  (no  DNA),  Lanes 2-7, patient 
specimens,  Lane 8, negative  DNA  control,  Lanes 9 and 10, positive CMV 
DNA controls. 

left  panel  and  the  late  antigen  gene in the  top  right  panel. In addition,  all  six 

patient  specimens  were  amplified by the TcWpc control  primers as proof  that 

the  DNA extracted from  each  specimen  was  amplifiable  and  did  not  contain 

inhibitors the  amplification  reaction. 
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Table I1 illustrates  the  concordance  of  the  two assays in detecting 

CMV  viremia.  The  PCR  assay  detected  several  positive  specimens  that  were 

not detected by  antigenemia.  Suggesting  that  the  PCR  may  represent  an 

increase  in  sensitivity  over  the  antigenemia  assay. 

Table I11 contains  all  the data collected  from  the  renal  transplant 

patients  and  reveals  that  the  PCR  is also more  consistently  positive  in 

consecutive  specimens  from  a  single  patient, as is  seen  with  patient #3,7 and 

9. In specimens  from  patients #9, 12,  and  13  the  PCR  was  positive and 

20 days earlier  respectively  than  the  antigenemia  assay,  but  all  three  patients 

were subsequently  positive by  both assays. Patients #l2 and  13  were  positive 

by  both assays for a  period  of  two  months.  Patient was  consistently 

positive  by  PCR  over  a  four  month  period,  while  the  antigenemia  assay 

detected CMV  viremia  sporadically  over  a  two  month  period. 

Patient #7 was detected as viremic  by  both  assays  on  the  same 

specimen,  but  the  PCR  continued  to  be  positive  for 20 days  after  the 

antigenemia  assay  reverted  to  negative.  Thus  it  appears  that  the  PCR  assay is 

slightly  more  sensitive  than  the  antigenemia assay. 

Three  patients, # 4, and  17  were  positive  by  PCR  but  not  detected 

as viremic by the  antigenemia assay. In  each case the  PCR  was  positive  in 

either  the  only  specimen  available  from  this  patient  (#17),  or in the  last 

specimen  collected from  that  patient (#4 & 10). Patient #4 had experienced  a 

CMV  viremic  period, as diagnosed by antigenemia,  for  three  months 

beginning  four  months  before  these  specimens  were  drawn  and  was  shedding 

virus  in  the  urine  at  the  time  the  PCR  was  positive  and  over  a  previous  two 
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TABLE I1 

CLINICAL DETECTION OF CMV IN  PERIPHERAL BLOOD 
LEUKOCYTES OF RENAL TRANSPLANT  RECIPIENTS 

Patient  Antigenemia 
Number Results' 

015 ' 

' Positive l Number  Tested 
Cytogam plus  Gancyiclovir 
Not  Available 
Simultaneous 

PCR  Results' 

015 

Months Post 
Transplant 

5+ 

NA3 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

04  

Treatment? 

None 
None 

Yes 
Yes 
Yes 
None 

Yes -2 
None 
None 
None 
None 

Yes - same 
Yes +l 
None 
None 
None 
None 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
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week  period.  Patient #l0 was  reassayed by  antigenemia  and was declared +/- 

on  the  same date that  the  PCR  was  positive  and  had  been  positive  by 

antigenemia  three  months  earlier. No firther information  or  additional 

specimens  were  available  for  patient # 17. 

The  discrepancies  between  the  antigenemia  assay  and  the  PCR do not 

appear to be  related  to  therapy.  Patients # 3,4,  5,7, 12, and 13 all  received 

cytogam and ganciclovir  therapy.  Treatment  was  initiated  up to two months 

prior to the  specimens  tested  here (#3,4, 5, and 7).  Patients #l2 and 13 were 

treated  with  cytogam  and  ganciclovir  during  the two month  period  that  both 

assays were repeatedly  positive  for  CMV. 

It is important to note  that  eleven  patients  were  negative  for  CMV  by 

both assays, of  these #6,8, 1 and 15 were  assayed  repeatedly, as many as 

seven  times  with  complete  agreement  between  the two assay  systems. 

The  PCR  protocol  employed  in  this  study  was  very  sensitive, 

quantitative  data  indicated  that as little as 0.6 TCIDSO  of  CMV  DNA  could  be 

detected (20). However  these assays required 24 - 48 hours to complete, and 

the  routine  use  of  radioactivity  in  a  clinical  laboratory  setting poses some 

hazard to the  employees as well as to  the  environment.  The  utilization  of  a , 

fluorescent  detection  system,  would  avoid  the  hazards  of  radioactivity,  if 

comparable  sensitivity  of  detection  could  be  achieved. 

A  protocol  has  been  developed,  using  the  fluorescent  intercalating  dye 

SYBR  Green I, and  a laser scanner (20). The  FluorImager  employs  an  argon 

laser to detect fluorescence in  multiple  formats,  including  acrylamide  gels, 
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TABLE 111 

Patient # 
Date2 

1. (6) 
12/27 

1/20 
318 
3/14 
3/28 
411 1 

2. (3) 
2/22 

318 
3/15 

3. (8) 
12/13 
12/27 
111 1 
1/25 
219 
311 
3/23 
4/13 

4. (5 )  
12/14 
12/27 
1/18 
2/23 
311 

5. (13) 

12/27 

1110 
1/20 

1/24 

113 1 

217 

2/28 

317 
3/14 
3/28 

415 
411 1 
4/25 

AGN' PCR  Patient # 
Date 

+/- + 12/13 
+ + 12/27 
+ + 1/10 
+ + 1/24 
+ + 217 

+/- + 2/23 
. 3/21 

G. (7) 

" " 7. (IO) 
+ + 12/13 

+ + 12/27 
1 13 
1/12 

+ + 1/26' 
+ + 219 
" + 318 

+ + 3/14 
+ + 3/28 
+/" + 4/27 
+ .+ 8. (3) 
+I" + 3/29 

411 I 
411 3 

" " 9. (8) 
" - 12/13 
" + 12/29 

" + 115 
111 1 
1/20 

+ + 2/15 

+ + 312 

+ + 416 

+ + 10. (2) 
+ + 12/27 

+ + 2/22 

+ + 11. (5) 
+ + 1/25 

+ + 217 

+ + 3/23 

+/- + 415 
4/26 

" " 

+ + 

+ + 

AGN PCR 

" + 
+ + - c 
+ + 
+ + 
+ " 

" + 
- + 

" " 

" + 
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12. (11) 

218 

3/17 
3/23 

3/28 
3/30 

414 

412 S 

4/27 

13. (14) 
217 
2/23 
2/28 
3/14 

I6 
3/23 

3/28 
3/30 
414 

411 I 
4/13 
4/15 
4/25 

14. (S) 

218 
312 I 
3/28 
414 
4/20 

15. (3) 
1 

" 

" 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+/" 

" 

" 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

" 

" 

+ 
+ 
+ 
+ 

" 

TABLE 111 Continued 

1/26 " 
" 

" 

+ 
" " 

+ 16. (1) 

+ 1/24 " " 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

17. (1) 
1/24 " + 

18. (1) 
117 " " 

19. (1) 
, 1/26 " + 

" 

+ 
+ 20. (1) 

+ 21. (1) 

22. (1) 

+ 
+ 

2/14 " 
" 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

2/14 " " 

2/15 " " 

23. (1) 

312 " " 

24. (1) 
4/26 " " 

" 

+ 
+ 
+ 

25. (1) 

4/26 + + 

+ AGN - Antigenemia 

1) Date  specimen  collected 
" 

agarose  gels,  and 96 well  plates.  Figure 2 illustrates  the  protocol  now in  use 

for  the  detection  of  amplified  DNA.  Specimens  from  many  sources,  including 

blood,  spinal  fluid,  nasopharyngeal  aspirates  and  swabs,  amniotic  fluid  and 

tissue  biopsy  specimens are solubilized in  the  same buffer systems  described 

for  the  radioactive assays. Extracted  DNA  is  amplified  using  gene  specific 

primers as before,  and  the  amplified  DNA  is  mixed  with SYBR Green I and 
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Concentrate - 
; * a  

Spinal  Fluid 

B I ood 

Amniotic  Fluid PCR 

Amplified 
Fragments 

Gel Scan 

Figure 2. Schematic  diagram of the  fluorescent  intercalating  dye  method of 
detecting  amplified  DNA  from  a  variety specimen  sources. 

electrophoresed on an acrylamide  gel.  The  gel,  still  between two glass  plates 

is inserted  directly  into  the Fluorhager. Scanning  a 16 x 20 cm  gel requires 

less than  three  minutes.  The  image is projected  on  a  computer  screen  and can 

be  enhanced  and  analyzed  statistically.  This  assay  requires  approximately 6 

hours to complete, time of receipt the  specimen  to  reporting results 

(20). Quantitative  analysis of CMV  DNA  using  these  methods  indicated  that 

TCIDSO of CMV  DNA  could  be  detected,  thus  the  method  is  equally as 
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sensitive as the  radioactive  detection  system,  and  perhaps  somewhat  more 

sensitive. 

Figure shows an  image  of  a  fluorescent  stained  gel  including 

amplified  DNA  from  peripheral  blood  leukocytes  of  three  bone manow 

transplant  recipients.  Patients  A  and  C  were  negative  for  cytomegalovirus, 

Patient B was positive  for  cytomegalovirus,  showing  a  band  in  both 

duplicates  that  migrates  at  the  same rate as the  positive  control  CMV  DNA  in 

the  same  gel.  Reagent  control  (no  DNA)  and  negative  control  DNA 

amplified  in  the  same  reaction  system  did  not  show  bands  migrating  with  the 

positive controls. Patients  DNA  amplified  with  the  primers  for TcWpc show 

bands  migrating  at  the  same rate as DNA  amplified  from  the  negative  control 

DNA  which is human leukocyte  DNA.  This is evidence  that  the  integrity  of 

the  DNA  extracts  from  patient  specimens  was  sufficient  to  support 

uninhibited  amplification. 

DISCUSSION 

The  detection  of  CMV  in  peripheral  blood  leukocytes by PCR  linked 

with  liquid  hybridization  and  gel  retardation  provides  a  very  sensitive  assay 

for the  presence this  virus.  Quantitative  measurement  of  the  infectious 

virus  detected by this  method  revealed  that less than  one TCIDso (0.6 

TCID5o) was detectable (20). Application this  method to the  clinical 

specimens  obtained  from  renal  transplant  patients  in  comparison  with  the 

antigenemia  assay  showed  remarkable  concordance  between  the two assays. 

The  polymerase  chain  reaction  assay  sometimes  detected  an  infection 
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Figure SYBR Green I stained  acrylamide  gel  of DNA extracted  from 
peripheral  blood  leukocytes  of  bone  marrow  transplant  recipients  and 
amplified for cytomegalovirus  with  controls.  Lanes  1&2,  Patient A; Lanes 

Patient B; Lanes 5&6, Patient  C;  Lane 7 ,  reagent  control (no DNA); 
Lane 8, CMV DNA at fg;  Lane 9, CMV DNA at 7 fg;  Lane 10, CMV 
DNA at fg;  Lane 1 1,  negative DNA control. 

(defined by viremia) as much as two weeks  earlier than the  antigenemia 

assay. A recent  study  has  indicated  that consecutive  positive  PCR 

assays,  when  conducted  weekly  to  monitor  bone  marrow  transplant  recipients 

could  be  used  to  initiate  antiviral  treatment  to  prevent  CMV  disease (21). 

Also, the  PCR  sometimes  remained  positive  for  longer  time  intervals after an 

infectious  episode  than  did  the  antigenemia  assay.  These  results  suggest  that 
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the PCR is  slightly  more  sensitive  than  the  antigenemia  assay  for  the 

detection  of CMV in  peripheral  blood  leukocytes. 

The  data  do not  suggest  that  the PCR is detecting  false  positive 

infections,  since  the  few cases where  antigenemia  was  negative  and PCR was 

positive  were  subsequently  found  to  be  either +/- on  reassay  by  antigenemia, 

or  evidence  of  virus  shedding  at  the  time  of  sampling  suggested  an  active 

infection. 

The PCR assay  provides  an  advantage  over  the  antigenemia  assay, 

regardless of  sensitivity,  because  it  is  applicable to many  specimen  types,  not 

just peripheral  blood  leukocytes.  These  data as well  as  the  results  of  other 

investigators (1 indicate  that  the PCR assay  has  significant  advantage 

over  the  antigenemia assay. 

One  problem  in  application  of  this  methodology to the  clinical 

laboratory  setting is that  use  of  radioactivity  under  conditions  were  multiple 

samples are being  analyzed  on  a  regular  bases  poses  some  hazards to the 

laboratory  personnel  and to the  environment. the  decay  of  radioactive 

probes,  requires  frequent  relabeiing  and  makes  comparison  of  gels  run  at 

different  times  difficult.  The  development  of  an  assay  system  using 

fluorescent  detection amplified solves  these  problems.  Studies 

comparing  the  sensitivity  of  detection  of  viral using 32P hybridization 

and  gel retardation  compared to fluorescent  staining  and gel  imaging  have 

indicated  that  the  fluorescent  method  is as sensitive,  perhaps  slightly  more 

sensitive  than  the  radioactive  detection  methods (20). In  addition  the 
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fluorescent assays can  be  completed  more  quickly,  within  six of  receipt 

of  the  specimen. 
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ABSTRACT 

An array of neurologic, oncologic, and autoimmune disorders are associated with 

infection with the human pathogenic retroviruses human T-cell leukemia virus types I and 

(HTLV-I, as well as  the human immunodeficiency viruses (HIV). The cutaneous T-cell 

lymphomas, mycosis fungoides (MF) and its hematogenous variant Sezary Syndrome (SS), share 

similar clinical and  pathological features to HTLV-l-associated adult T-cell leukemia (ATL) and 
speculation of  a retroviral link to MF  and SS, especially in areas non-endemic for ATL, has lead 

to an intensified search for HTLV- and HIV-like agents in these diseases. To further explore a 

potential role for human retroviruses in MF and SS, skin biopsy-derived or peripheral blood 

mononuclear cell-derived from 17 patients (MF, n=7; erythrodermic MF (EMF),  n=5; SS, n=5) 
from the North  Eastern United States were screened using gene amplification by and a 

liquid hybridization detection assay. Previously published primers and  probes  for HTLV-I (LTR, 

gag, pol, env, and px), and our own primers and probes for  HTLV-I (gag, pol, and env), HTLV-II 

(pol and env) and  HIV-I (gag and pol) were employed. Serum antibodies to HTLV-I were 

negative in all but one EMF patient. The single HTLV-I seropositive patient carrying a diagnosis 

of EMF generated positive amplified signals for all of the eight HTLV-I regions tested. Ultimately, 

this individual evolved to exhibit clinical manifestations indistinguishable from ATL. The  other 

16 patients were negative for  all 12 HTLV and HIV retroviral regions. Our findings suggest 

that none of the  known prototypic human retroviruses are associated with seronegative MF and 

SS. The uniformly positive results for HTLV-I in the seropositive patient suggests that this  patient 

initially presented with a smoldering form of ATL and illustrates the difficulty that sometimes may 

be  encountered in the differential diagnosis of  MF, SS, and ATL based solely on clinical and 

histopathological criteria. 
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Neurovirology, Depattment of Neurology, Roswell Park Cancer Institute, Elm and Carlton Streets, 

Buffalo, New York 14263. Phone: (716)  845-8600. Fax: (716)  845-8656. 
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INTRODUCTION 

One of  the  more  compelling  applications  of  gene  amplification  by  polymerase 

chain  reaction  (PCR)  has  been its usefulness  in  screening  various  patient-derived 

specimens  for  an  array of infectious  agents.  In  addition  to  PCR-based  molecular 

diagnostics  for  viral  infections,  several  large  scale  epidemiological.  studies  have  been 

conducted  in  an  attempt to establish  a  correlation  between  prototypic  virus  based  on 

PCR positivity  and  certain  disease  entities,  including  multiple  sclerosis (1) and 

inflammatory  myopathies  (2).  Because  they  share  some  clinical  and  pathological 

features (3-5), there  has  been  considerable  speculation  about  a  potential  HTLV-l-related 

etiology in MF and SS. The  association  of  other  retroviruses,  HTLV-II  and  HIV,  with MF 

and SS, also  has  been  suggested (6,7). However, a retroviral  role in the  pathogenesis of 

MF and SS remains  controversial (8-12). The  presence of “deleted HTLV-I  proviral 

sequences  in  an  HTLV-I  seronegative  American  patient  with SS and  in  seronegative 

Swedish  patients,  four  with MF and  one  with SS, has  been  reported (13). However, 

these  observations  have  raised  considerable  concerns  about  the  manner  in  which the 

HTLV-Mike  sequences  were  detected  in MF/SS. In the  American  patient, “deleted 

HTLV-I was demonstrated  by  Southern  hybridization  against  DNA  extracted  from  a non- 

T, Epstein-Barr  virus-transformed  B-cell line derived  from 

underwent  considerable  manipulation  and  were  first  expanded  with  interleukin-2  and 

phytohemagglutinin  and  subsequently  co-cultivated  with  cord  blood  cells.  Restriction 

fragment  length  polymorphism  and  sequence  analyses  revealed  multiple  endonuclease 

restriction  site  alterations  and  a  major 5.5 Kb  deletion  within  the  prototype  HTLV-I  proviral 

sequence.  Thus,  the  retroviral  sequences  detected  represented  only  limited  regions of 

the  HTLV-I  genome,  and  it  remains  unclear to what  degree  the  DNA  from  the  B-cell  line 

reflected  the  characteristics of  the  malignant T-cells in blood  or  in  cutaneous  lesions. 

Regrettably,  there was  no  attempt to amplify  blood  lymphocyte  DNA ex vivo from  the 

patient. 

In the  Swedish  patients,  the  technique  of  gene  amplification  by  PCR  was  used 

screen  MF/SS  DNA  from  cutaneous  lesions  and  blood  for  five  separate  regions  of  the 

prototype  HTLV-I  provirus. All five  Swedish  MF/SS  patients  tested  positive  for HTLV-I- 
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related  sequences,  but  the  patterns  of  amplification  (LTR, gag, pol, env, or pX) varied 

widely  among  patients  and  between  paired skin  and  blood  samples.  Negative  results  of 

Southern  hybridization  analyses of two  DNA  samples  were  thought  due to low proviral 

copy  number.  Unfortunately, no attempt  was  made to corroborate  this  conclusion by 

quantitative  PCR  nor  was  there  an  attempt  to  confirm  whether  the  amplicons  were  truly 

derived  from  integrated  retroviral sequences. In our  experience,  inadvertent  amplification 

of  carry-over  amplicon is easily  identified  by revising  the PCR include  one  or  a  set  of 

primers  that is externally  juxtaposed to the  original  primer  set.  While a  negative  signal 

does  not  exclude  an  integrated,  truncated  proviral  sequence,  a  positive  signal  strongly 

corroborates the  original findings. This  test  was  not  performed.  Thus,  although 

intriguing,  this  prior  study  may  be  compatible  with  artifacts  introduced by the 

methodology,  as  experienced in other  studies. 

To assess the  frequency  by  which  one  might  expect to find  prototypic refroviral 

sequences  among  MF/SS  patients,  we  performed  an  exhaustive  screening of DNA from 

17 patients  from  the  Northeastern  United  States for the  presence  of  HTLV-I, HTLV-11, and 

HIV  sequences  by  PCR. 

MATERIALS  AND  METHODS 

Subjects. Three  groups  of  patients  comprising MF (n=7),  erythrodermic mycosis 

fungoides  (EMF)  (n=5),  and SS (n=5)  were  studied.  One  patient  (EMF-4)  was  found to 

be  seropositive  for antibodies to HTLV  and  the  other  16  patients  were  seronegative. 

Diagnoses were  confirmed  by  clinical  and  histopathological  examinations.  HTLV 

serology was tested  by  a  commercially  available ELBA kit.  The HTLV-l-seropositive 

patient  (EMF-4)  was a 35-year-old  black  female  born  and  bred  in  the  United  States 

without  apparent  risk  factors  for  acquiring  HTLV.  Serum  y-globulin  (29.4%,  normal  range 

[11.6 - 22.5%])  and  lactate  dehydrogenase  (666  U/ml, [283-555  U/ml])  were  slightly 

elevated.  Serum  soluble  interleukin-2 receptors  (2676  Ulml,  [240-600  U/ml])  were 

increased.  Her  skin  lesions  responded  well photopheresis  therapy.  PCR  analyses  of 

blood  were  performed in 13  patients,  analyses  of skin  lesions  in 8 patients,  and  analyses 

of both  blood  and  skin in 4 patients. 
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DNA and  Oligonucleotide  Preparation. Peripheral  mononuclear  cells  (PBMNC)  were 

isolated  from  whole  blood  by  density  gradient  centrifugation  and  high  molecular  weight 

DNA was  extracted  from PBMNC  by  the  sodium  dodecyl sulfatelproteinase K method, 

purified by pheonollchloroform  extraction,  precipitated  in  absolute  ethanol,  and 

resuspended  in 1O:l  TE  (10  mmollL Tris-HCI  and  1  mmolR EDTA) buffer as previously 

specimens  were first crushed with  mortar  and  pestle  and  then  subjected to DNA 

extraction, as above,  except  that  DNA extraction  from  skin  lesions  was  performed  using 

a non-ionic  detergent  and  proteinase K digestion  (16). 

Oligonucleotide  primers  and  probes  were  synthesized  at  the  Biopolymer  Core 

Facility,  Roswell  Park  Cancer  Institute (CAl6056-1) by  the  phosphoramidite  method  on 

an  automated  391  DNA synthesizer  (Applied  Biosytems,  Foster  City,  CA)  and 5’ trityl- 

retained  oligonucleotides  were  purified by chromatography  using  Nensorb Prepw 

cartridges  (Dupont,  Boston,  MA)  and  then  concentrated  by  lyophilization  under  vacuum. 

A total  of 12  sets of primers  and  probes  for  HTLV-I,  HTLV-II,  and HIV  were 

employed, targeting eight,  two,  and two separate  retroviral  regions,  respectively. 

Previously  reported  primers  and  probes  for  HTLV-I (LTR,  gag, env,  and regions) 

as reported  by Hall,  et  al.  (13)  were  used,  as  well  as  three  of  our  own previously 

established  primer  stets  (17).  The  following  retroviral  primers  were  developed  and 

validated  in  our  laboratory: HTLV-llgag (1374-1407  .and  1939-1  906), HTLV-llpol(4179- 

4209  and  4628-4600), HTLV-llenv (5262-5296  and  581  6-5784), HTLV-lllpol(4735-4756 

and  4921  -4899) HTLV-lllenv (5799-5818  and  6126-6107), HIVlgag (1544-1571  and 

1659-1  632)  and HIVlpol (4287-4326  and  4426-4390).  Corresponding  internal  probes 

were as  follows: HTLV-llgag (1  661-1700); HTLV-llpol(4552-4591), HTLV-llenv (561  2- 

5650), HTLV-lllpol (HTLV-ll/pol(4880-4898), HTLV-lllenv (5841  -5880), HIVlgag (1588- 

1628). and  HIVlpol(4336-4376).  Position  numbers  for  our  primers  and  probes for HTLV- 

I, HLlPROP, HIVVPCG, 

and HNNL43, respectively. 

Gene  Amplification and Amplicon  Detection Liquid Hybridization. All PCRs 

were carried  out  against l pg of  DNA  template in 100 p1 adjusted to final  concentrations of 
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10 pM KCI,  1.5 mM MgCI,,  0.001 % gelatin, 200 pM deoxynucleotide  triphosphates, and 

200 nM each primer to which 0.8 unit  Taq  polymerase  (Perkin-Elmer Cetus, Norwalk, 

CT)  was  added.  Temperature  cylcing  was carried out in a DNA Thermal Cycler (Perkin- 

Elmer  Cetus) as follows:  An initial denaturation  for  7  min at and then 1 min at 

primer annealing at for one  minute,  and 2 min at for primer extension for 30 

cycles. 

Thirty microliters of each PCR product  was  added to a  hybridization  mix 

containing  32P-end  labeled  probe (2.5~10~ cpm),  and  5 1.5M  NaCl to a  final  volume of 50 

PI, heat denatured at for five minutes,  and  then  allowed to anneal at for  60 

minutes.  The  samples  were run on 5% polyacrylamide  gel (200 V, 1 hour), and the gels 

were exposed to X-OMAT AR films overnight (15-20 hours) at room  temperature. 

Cloning and  Sequencing. The  amplified product was separated from minor 

contaminating bands and excess PCR primers by subjecting  the  amplicon to filtration 

centrifugation  using ultra-free-MC filter  units, 30,000 molecular  weight  cut off (Millipore, 

Bedford,  MA).  The  purified,  amplified  sequence  was  directly  ligated into pCR l l TM plasmid 

(Invitrogen,  San  Diego,  CA).  Subsequent to ligation and bacterial  transformation  into  INV 

a F' cells (Invitrogen,  San  Diego,  CA),  the  transformants  were selectively expanded  in 

Kanamycin  containing  agar  and productive clones  were  selected by extinction of the 

galactosidase  marker.  The  insert-containing  plasmids  were extracted from bacterial 

transformants by the  plasmid  miniprep  technique, and the  HTLV-containing  segments 

were direclty sequenced  from  the  purified  plasmid by the  dideoxy  chain  termination 

method  (18,19).  Sequencing primers span  either  the T7 promoter or  the  SP6  promoter 

plasmid  regions. The other  reagents used for the  DNA sequencing  reactions  were 

supplied  with  the  USB  Sequencing  Kit  (United  States  Biochemical  Corp.,  Cleveland, OH), 

At least three separate clones were  fully  sequenced to obtain  a consensus genetic 

sequence. 

RESULTS 

None of the 16 seronegative  patients  generated  positive  signals  for  the prototype 

retroviral sequences tested,  regardless of disease type or  whether skin or  blood DNA 

was analyzed (Fig. 1, A-N).  The HTLV-l-seropositive patient (EMF-4)  was positive for  7 
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FIGURE 1. Screening for HTLV-I  in  Cutaneous  T-cell  Lymphoma. 
Autoradiographs of gel  retardation  detection  assays  following  liquid  hybridizations  were 
performed  on  patient DNA derived  from  peripheral  blood  mononuclear cells. Left Column: 
The  previously  reported  primers and probes (1 3)  were  used,  HTLV-VLTR,  gag,  pol, env, 
and Right Column: Our  own  primers  and  probes  (17)  were  used,  HTLV-IIgag,  pol, 
and env. SS-1-5,  EMF-1-4,  and  MF-1-4  denote  each  patient  tested.  Positive  controls 
included  HUT102 (PC-l), MT-1  (PC-2),  and  an  ATL  patient  (PC-3).  Negative  controls 
included  the  T-cell  line  MOLT-4 (NC-l), a seronegative  volunteer  (NC-2),  salmon  sperm 
DNA  (NC-3),  and  PCR  reaction  mix  without  DNA  (NC-4).  Except  for  EMF-4,  none  of  the 
patient  blood  specimens  tested  positive  for  retroviral  sequences. In addition,  samples  of 
skin  biopsy-derived DNA  (SS-2,-.3, EMFd, and MF 2, 3, 5, 6, and 7) were  subjected to 
PCR-based  analysis  for  HTLV-I (poland gag),  HTLV-II (env) and HIV (pol). All biopsied 
skin  specimens  were  negative  (data  not  shown).  Screening  for  one HTLV-IIenv region  in 
patient  EMF-4  produced  variable  results  in  which  one  experiment  was  negative  (EMF- 
4a),  but  another  positive  (EMF-4b).  However, in EMF-4bI  the  PCR product  was  of 
expected  size  (273  bp)  on  1%  ethidium  bromlde-stained  agarose gel, suggesting 
variation in the  region  corresponding to the  probe  sequence. 
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FIGURE 2. Screening for HTLV-II  and  HIV in Cutaneous  T-cell Lymphoma. Blood- 
derived DNA on all patients and skin-derived  DNA  (SS-2  and  -3,  EMF-5, and MF-2,-3,-5, 
-6,  and -7) were subjected to gene  amplification  and  the  amplicons analyzed by liquid 
hybridization and gel  retardation  electrophoresis.  Representative  samples are displayed. 
All reactions failed to detect  the presence of HTLV-II or HIV retroviral sequences. 
Positive control (PC) HTLV-I consisted of DNA derived from  the T-cell line MO-T and 
positive control (PC) for HIV  consisted of DNA  derived  from  the T-cell line  8E5/LAV. 

of 8 HTLV-I regions tested; an HTLV-Venv  targeted  region used previously (13) 

generated an inconsistent signal in our  detection  system.  Since  the  amplified HTLV-llenv 

region of the HTLV-I seropositive patient (EMF-4) was of expected size (273 bp) on 1% 

ethidium  bromide-stained  agarose  gel  (Fig. 1, 0), point  mutations in this  region were 

'suspected.  Six point mutations  were  identified in the 274 bp region:  (5468)  C+T, (5472) 

G+A, (5610) A+G, (5613 C+A, (5637) T+G, and  (5667) A+G. Two point  mutations 
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FIGURE 3. Sequence  Analysis  of Patient HTLV-Venv Ampllfled Sequence. 
Sequence  analysis  revealed 6 point  mutations  in  the  env  target  region,  including  two-point 

mutations: (5468) C+T  and (5472) in  the probe-hybridizinssequence (5455- 
5483). 

at 5468 and 5613, caused  changes  of  deduced  amino  acid  sequences, 

Threonine+lsoleucine,  and  Histidine+Glutamine,  respectively. 

The skin biopsy of  the  HTLV-I  seropositive  patient (EMF-4) was  specifically 

reviewed.  Sections  demonstrated a band-like  infiltrate  in  the  superficial  dermis. In 

addition,  there  was  infiltration  of  the  overlying  epidermis  by  individual  cells,  although  well 

formed  Pautrier's  microabscesses  were  not  present.  Smaller  lymphocytes  showed 

atypia  and  some  appeared  cerebriform.  The  histologic  fidings  of  atypical  dermal 

infiltration  with  epidermotropism  were  consistent  with  the  diagnosis of mycosis  fungoides. 

We attempted to analyze  the  nature  of  proviral  integration  into  host  genome of the 

seropositive,  PCR-positive  patient  by  Southern  hybridization  analysis.  However,  no 

proviral  restriction  length  fragment  band was  identified  from  blots  obtained  from  BamHl 

and Hindlll or  EcoRl  digests  (data  not  shown).  Based on data in a quantitative  PCR,  it 

was  estimated  that  about 0.1% of EMF-4 PBMC  were infected  with 1 copy  of  HTLV-I 

provirus.  This low  frequency  of  circulating  HTLV-l-infected  cells is below  the  level  of 

sensitivity  of  Southern  hybridization  analysis. 
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DISCUSSION 

Thus, by exhaustive molecular  diagnostics  employing  gene  amplifications,  we 

failed to detect  HTLV-I  proviral  sequences in the skin  or blood  of  the 16 seronegative 

patients.  Insensitivity of  our  assay  system  is  not a  likely  explanation, since we  were 

able to detect  approximately  a  single  copy of HTLV-I  provirus  per million cells by 

quantitative  PCR.  Alternatively, a  small  subset  of  ATL  patients  are  seronegative,  but 

positive  for  HTLV-I  by PCR  (20,21).  However,  that all five of  the  Swedish  MF/SS  patients 

previously  studied  would  represent  this  ATL  subgroup  would  be  remarkable. 

There  are  multiple  reasons  for  PCR  pattern  variability  in  population screening 

studies in which  a  panel  of  target  sequences  are  studied  and  need not  imply  major 

sequence  deletions in target  regions.  Simple  point  mutations corresponding to the most 

3'  primer  region  can  negate  efficient PCR,  as  has been  observed  in PCR  amplification  of 

an HTLV-llenv region  (22).  Limited  polymorphisms  corresponding  to  bases  comprising 

the internal  oligonucleotide  probe  may  also  account  for  a  false  negative  result,  as  shown 

in patient  EMF-4a in this  study  (Fig.  1).  These  potential  pitfalls  are  largely  overcome by 

choosing  primers  and  probes  that  flank  and  recognize highly conserved  regions  within 

the  HTLV-I  genome.  Our  own  HTLV-I  primers  and  probes to gag, pol, and env have 

been  tested  extensively against  patients  with  ATL, HTLV-l-associated 

myelopathy/tropical  spastic  paraparesis,  and  HTLV-I  seropositive  carriers,  and  are 

uniformly  highly  effective  in  detecting  prototype  HTLV-I  by PCR  (23). Using our  three 

primer  sets in addition to the  identical  five  primer  sets  previously  reported 3) (a total  of 

eight  separate  regions  targeting  the  HTLV-I  genome),  we  failed to detect  the  presence of 

HTLV-l-like sequences in seronegative  MF/SS.  Two  regions  specific  for  HTLV-II  and  two 

regions  specific  for  HIV  were  also  tested  and  were  negative  in  all  patients.  These 

negative  results  do  not  exclude  the  possibility of a  retroviral etiology in MF and SS, but 

strongly  suggest  that none  of  the known  prototypic human  pathogenic  retroviruses  are 

commonly  associated  with MF and SS. 

The  patient  EMF-4,  who  carried  a  presumptive  diagnosis  of  erythrodermic 

mycosis  fungoides,  was  found to be  seropositive  for  antibodies to HTLV and was positive 

by  PCR  for  HTLV-I.  We  conclude  that  this  patient  may be exhibiting a  smoldering  form 

of  ATL (24-27).  This  case is an  example  illustrating  the  difficulties  that  are  sometimes 
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encountered in the  differential  diagnosis  between MF/SS  and  ATL  made solely by clinical 

and  histological  criteria (24). This  situation  argues  strongly  for  retroviral  screening via 

serology and PCR analysis in patients  suspected of having MF/SS. 
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INTRODUCTION 

Cytomegalovirus,  which gets it‘s name from the characteristic  enlarged 

cells  with  intranuclear and cytoplasmic  inclusions  seen  in  infected  tissue, is 

a  double-stranded  DNA virus of  the  herpes family. After  entering  a  host cell, 

the  viral  DNA  becomes  incorporated  into  the  host  genome  and the cell is redi- 

rected  to  the  production of viral  DNA and proteins (l). Most  people  acquire 

infection  by  casual person-to-person  contact in childhood and at  most  experi- 

ence  a  mild “flu-like ” illness so that  about 80% of adults  exhibit  serologi- 

cal  evidence  of past  infection. As  with  other  viruses  of the herpes  family  the 

virus  can  then  enter  a  prolonged  period of latency  with  subsequent  reactiva- 

tion  during  intercurrent  illness periods  of  immune  suppression. The virus 

can  also  be  transmitted by blood  transfusion , as well as bone  marrow or solid 

organ  transplantation.  Presumably cells of  the  transplanted  organ may contain 

CMV  DNA in  the latent form. The  specific cell type  responsible  is not known 

with  certainty(2). 

Cytomegalovirus  infection continues to be the  most  common  and  serious 

viral  infection  complicating  transplantation.  One  of  the  principal  risk 

factors for posttransplant  CMV  infection  is  the  serological  status  of  donor 

and recipient. Infection  may represent pr imary  infection in a  seronegative 

recipient  receiving  a graft from  a  seropositive  donor or a r e a c t i v a t i o n  of 

latent  infection  in  a  seropositive recipient. As  there  are  many  different 

strains  of  the CMV virus, seropositive  recipients of  grafts from  another 

seropositive  donor  are  also  at risk of super in fec t ion  by the  donor  strain. 

Indeed  such  individuals  have  been  shown  to  excrete  both  strains  simultaneously 

in  the urine (3 1 . 

243 



MURRAY 

CLINICAL  MANIFESTATIONS OF INFECTION 

In general, clinical  manifestations  and  the  severity  of  infection is 

greatest in primary  infections  though  clinical  manifestations  may  range  from 

asymptomatic  infection to a  severe  life-threatening  syndrome of multisystem 

organ  failure(4).  Patients usually present  around 4-6 weeks  posttransplant 

with  an  unexplained  febrile  illness  characterized  by  high  spiking  fevers  with 

generalized  arthralgias and  myalgias. In many  milder cases these  clinical 

symptoms  may  resolve  without  therapy  but  in  others  can  progress to more  seri- 

ous manifestations  including  a CMV syndrome  with  persistent  febrile  illness 

often  with  leukopenia and occasionally thrombocytopenia. This in  turn  may pro- 

gress  to  tissue-invasive  disease and in many cases the  transplanted  organ is 

often  disproportionately affected. W - r e l a t e d  hepatitis is characterized by 

elevated  transaminases  and is usually  most  severe  in  liver  transplant 

recipients (5). Subtle  abnormalities of pulmonary  dysfunction  can  be  found in 

virtually  all  infected  individuals (6) but  the  more  severe  manifestation of 

pneumonia  with  a  bilateral  symmetrical  interstitial and alveo3.a~ process is 

fortunately more rare (7). In cardiac  transplant recipients, CMV has  been 

linked to both  acute  rejection and accelerated  atherosclerosis ( 8 )  and  in the 

kidney  a  role  for CMV has  been  proposed in causing  a  distinctive  form  of 

glomerulopathy  though  this remains controversial (9,lO). Clinical 

manifestations of CMV  can  also  be  seen in  the gut with colitis, characterized 

‘by focal  ulceration  the  most  frequent manifestation, though  virtually  any 

portion  of the gut from mouth-to-anus can  be  affected (11).  Finally, 

hematogenous  spread  of  the virus may result in ocular  involvement  with  sight- 

threatening  chorioretinitis which is usually  recognized  on  funduscopy as a 

perivascular yellow-white retinal  infiltrate (12). 

Cytomegalovirus  infection  also  appears to be immunosuppressive in it’s 

own right, and  can  predispose to the  development  of  other  superinfections 

such as Pneumocystis  pneumonia and  fungemia. This  appears to be due to an ef- 

fect  of the virus  itself  to  impair  cellular  immunity (13). It has  also  been 

speculated  that infection, perhaps  through  up-regulation  of  cell  surface 

i. molecules  may trigger  renal  allograft rejection.  However, because  of  the 

frequency  of CMV infection and the  difficulty  of  establishing  precisely the 

onset  of  viral  activation  this has been  difficult  to  establish  definitively 

(14).  Either  way  posttransplant  CMV  infection is associated  with  significantly 

decreased  allograft and patient  survival  rates (15,161. The  costs  of CMV 

infection  are  thus  considerable  both  to  the  patient and to  the  Health  Care 

system. recent  study  from  Canada (17) showed  that  patients  who  develop 

disease  spend  more  time  in  hospital  (59 vs. 22 days)and  incur  considerably 

increased  institutional  costs ( $42,611 vs. $17,309 ) during  the  first  year 

posttransplant  than  their  unaffected counterparts. This  emphasizes the 

importance  of  attempts  to prevent, diagnose  and  effectively  treat  this  impor- 

tant cause  of  posttransplant morbidity. 
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PREVENTION OF INFECTION 

One  possible  approach  to  minimize  the  incidence  of  severe  CMV  disease 

would  be  to  avoid  the  use  of  organs  from  seropositive  donors in seronegative 

recipients.  While  Ackerman  et  a1 (18) reported  a  decrease  in  graft loss and 

CMV  related  mortality  when  they  adopted  such  a  policy,  Shackleton  et  a1 (19) 

were  unable  to  duplicate  these  findings.  In  the  absence  of  a  definitive sur- 

vival  advantage  this  approach  is  not  felt  to  be  justified  currently  since it 

would  greatly  limit  the  donor  pool  for  such  individuals.  However  it  is  consid- 

ered  prudent  to  avoid,  whenever  possible,  the  transfusion  of  CMV-positive 

blood  in  such  individuals or to  use  leukocyte-depleted  blood  products. 

Another  logical  approach  would  be  the  pretransplant  immunization  of  se- 

ronegative  potential  recipients.  However  it  must  be  remembered  that in natu- 

rally  immune  individuals,  superinfection  and  serious  disease  still  occur. 

attenuated  (Towne)  strain  of  the CMV virus  has  been  shown  to  induce  anti-CMV 

antibody  in  non-immune  dialysis  patients  awaiting  transplant.  Trials  using  the 

vaccine  prior  to  renal  transplantation  indicate  that  although  subsequent  pri- 

mary  infection  is  not  prevented,  the  severity  of  ensuing  disease  appears  to  be 

decreased (20). Thus  such  an  approach  has  potential  utility  but  would  probably 

not  preclude  the  need  for  some  additional  prophylaxis. 

P R O P H Y W I S  OF INFECTION 

Table I lists  the  agents  currently  available  for  use  in prophylaxis, 

the  dosages  normally  employed,  and  the  potential  costs.  Passive immunoprophy- 

laxis has  been  attempted  with  both  unselected  and  hyperimmune  globulin.  CMV 

hyperimmune  globulin  is  extracted  from  pooled  sera  of  CMV  positive  donors  and 

adjusted  to  a  specific  titer.  Snydman  et  al.[21)  randomized 59 seronegative 

recipients  of  a  kidney  from  a  seropositive  donor  to  either immune  globulin 

administered  intermittently  over  16  weeks or no  treatment.  Although  the  immune 

globulin  had  no 

effect  on  subsequent  acquisition  of  infection , it  did  reduce  the  severity  of 

infection  with  significantly  less  neutropenia,  pneumonia  and  fungal  infections 

in the  prophylaxed  group.  Nevertheless  there  was  still  a 21% incidence  of  CMV 

disease  in  the  prophylaxed  group.'CMV  immune  globulin  is  FDA  approved  for the 

prophylaxis  of infection  in  renal  transplantation.  Subsequent  studies  in 

liver  transplant  recipients  also  showed  evidence  of  a  decrease  in  severe  CMV- 

associated  disease,  though  interestingly  most of the  benefit  appeared  to  ac- 

crue  to  seropositive  liver  recipients,  with  no  clear-cut  benefit in the D+R- 

group  (221. The agent  is  generally  well  tolerated  with  few  side-effects  and 

has  not  been  associated  with  Hepatitis C transmission  as  occurred  recently 

with  some  Ig  preparations. 

Acyclovir  is  a  competitive  inhibitor  of  viral  DNA  polymerase  that  can  be 

given  orally  and  is  relatively  non-toxic  but  is  unfortunately  not  very  active 
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TABLE I. 

CMV PROPHYLACTIC  AGENTS AND THEIR  COST 

- DOSE - COST 
CMV  Immune Globulin  150  mg/kg  within  72 hr. $7045 

220  mg/kg  weeks 2,4,6 and 8 

50 mg/kg  weeks 12 and 16. 

High-dose  Acyclovir 800  mg PO qid  for 4  months $1325 
Ganciclovir 5 mg/kg iv bid  for  30-100d. $ZO88.(3Od) 

$6960(100d) 

in  vitro against CMV. Balfour et  al.(23) reported in a  randomized  controlled 

trial  a  significant  reduction in  the incidence of posttransplant infection 

when all patients  were  prophylaxed  with high-dose oral  acyclovir for 3  months, 

The  benefit  was principally  due to a  dramatic  reduction in disease in  the 

seronegative  recipients of a  seropositive  kidney  though  the  number of patients 

in  this group  was  small (n='13). All 7 controls  but  only 1 of 6 acyclovir- 

treated  patients  developed CMV disease. Subanalysis  of  the DtRt and D-R+ 

groups  showed  a  trend  to  less disease  that  did not reach  statistical 

significance in either, though  when  all recipients  were  considered as a 

single  group  statistical  significance  was achieved. Unfortunately the results 

of  other  studies  have not always  reproduced  these findings. Bailey et a1  (24) 

found  that  despite high-dose  acyclovir, 70%  of DtR- recipients  developed  CMV 

disease  and  that  this  was not helped  by  addition  of  (unselected)  immune 

globulin. As a result,  high-dose acyclovir is now mostly  used as prophylaxis 

for  seropositive  renal  transplant recipients. These  examples  illustrate  the 

difficulty in interpreting  and  comparing  many  studies  on  prophylaxis  because 

most  are  single  center  studies  with  considerable  heterogeneity of the study 

populations in  terms of  serostatus  groupings and often  insufficient  numbers 

to  analyze subgroups, particularly  the high-risk  DtR-  group. 

Ganciclovir,  another  DNA  polymerase inhibitor, is much  more  active 

against  CMV  than  acyclovir  but  until  recently had to  be  given  intravenously 

and  has  potential  renal  and  bone  marrow  toxicities.  Because  of the residual 

incidence  of disease  in renal  transplant  patients  prophylaxed  with 

acyclovir  and  CMV  immune globulin, and  their  relative  lack  of  demonstrable 

efficacy in  the more  aggressively  immunosuppressed  patients  receiving heart, 

liver  or  bone  marrow transplants, ganciclovir  was  the  next  logical  agent  to 

employ in prophylaxis.  Initial  reports in heart (25) and  bone-marrow 

(26)recipients  suggested that ganciclovir  begun at the  time  of  transplant  and 

continued  for  up  to 28  (heart) or  100  (bone-marrow)  days  decreased the 

incidence  of CMV-related  illness. Similar  results  were  recently  reported for 
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a 1 0 0  day course  of  ganciclovir in liver  transplant  recipients  (27).  Finally, 

Martin et  a1 ( 2 8 )  showed  that  a  similar  reduction  in CMV disease (9% VS. 28%) 

could  be  achieved  in  liver  transplant  recipients  with  just  a  14  day  Course of 

ganciclovir  followed  by  high-dose  oral  acyclovir  for  3  months.  This  regimen 

has  the  advantage  that  the  ganciclovir  can  be  given  during  the  initial 

hospitalization  and  there  was  not  a  need  for  prolonged  central  vein  catheter 

placement  with it's attendant  risks. In all  3  studies  the  major  benefit 

appeared to accrue  largely  to  the  seropositive  recipients.  There  have  been 

few  studies  that  have  addressed  the  role of ganciclovir  prophylaxis in renal 

transplant  recipients.  Dunn  et  al.(29)  tried  combining  a  shorter  course  of 

ganciclovir  (just 7 days  posttransplant)  supplemented  by  3  doses  of CMV immune 

globulin  in  a  group  of  solid  organ  (mostly  kidney)  transplants,  but  found  no 

improvement  over  the  results  achieved  with  high-dose  acyclovir  alone. 

Thus  there  remains  considerable  variety  in  the  range  of  prophylactic 

regimens  practiced  today.  Because  of  its  cost,  high-dose  acyclovir  for  3-4 

months  posttransplant  remains  one  of  the  most  popular,  particularly  in  sero- 

positive  recipients.  This  should  probably  be  supplemented by  intravenous gan- 

ciclovir  either  initially  for  7-14  days  as  utilized  by  Martin ( 2 8 )  or during 

antilymphocyte  antibody  therapy,  a  particularly  attractive  and  cost-effective 

form  of  preemptive  therapy or targeted  prophylaxis  which  was  recently  shown  by 

Hibberd et al.(30)  in  a  randomized  controlled  trial  of  seropositive  kidney 

transplant  recipients,  to  be  very  effective in preventing disease  in  this 

cohort.  More  prolonged  initial  courses  of  ganciclovir,  with or without  immune 

globulin,  appear  necessary  in  the  more  aggressively  immunosuppressed  patients 

such as those  receiving  intrathoracic or bone-marrow  transplants. 

The seronegative  recipient  of  a  transplant  from  a  seropositive  donor 

remains  the  greatest  challenge.  Even  though  they  do  appear  to  reduce  the  se- 

verity  of  clinical  infection,  current  prophylactic  regimens  involving  either 

high-dose  acyclovir or CMV specific imune globulin or short-course  (<30  days) 

ganciclovir  still  result in significant  residual  incidences  (20-50%)  of  symp- 

tomatic CMV infection  requiring  therapy  and  occasional  severe  disease. Fur- 

thermore  the  last  few  years  has  seen  the  emergence  of  new  and  more  potent  im- 

munosuppressives  such  as  FK506  and  mycophenolate  mofetil,  with  the  promise of 

more  to  come  (31)  and  it  is  not  clear  if  these  prophylactic  regimens  will 

continue  to  be  effective in the new era  of  imunosuppression  that  is  dawning. 

There  is  clearly  a  need for new  ,preferably  orally  absorbed  and in particular 

more  viricidal  agents.  Recently  an  oral  form  of  ganciclovir  has  been  developed 

and  although it achieves  much  lower  blood  levels  of  ganciclovir  than  when  the 

drug is given  intravenously it has  proved  helpful in the  management of 

recurrent CMV retinitis  in AIDS (32).  Studies  are  currently  underway to 

evaluate  the  efficacy  of  this  agent  in  the  prevention of primary  and  secondary 

(reactivation) CMV disease  posttransplant  and it could  also  have  a  role  to 
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play in  the management of recurrent CMV. As outlined earlier CMV infection, 

when symptomatic, manifests as a febrile syndrome with or without tissue 

invasive disease. The results of such studies are eagerly awaited-though 

caution is also  warranted  because of the potential for  emergence of 

ganciclovir-resistant strains. Experience from  treatment of  HIV infected 

individuals  suggest that this  may  occur  after 3-4 months of continuous ganci- 

clovir  treatment(33). 

TREAZMENT OF SYMPTOMATIC INFECTION 

As outlined earlier, CMV infection when symptomatic  manifests as a 

febrile  syndrome  with or without tissue  invasive disease. Ganciclovir is 

approved by  the FDA for treatment of CMV retinitis but felt to  be indicated 

when  there is evidence of other tissue  invasive disease, eg., pneumonia, 

enteritis or severe hepatitis ( 3 4 1 .  No randomized controlled  trials have ad- 

dressed  its  use for such indications in organ transplants, However, 

untreated, these conditions carry a very high mortality and several studies, 

which have reviewed  large cohorts of patients treated  with  ganciclovir for 

invasive disease, show  appreciable reductions in  mortality  compared to 

historical  controls (34-371, so that randomized  trials of ganciclovir  therapy 

for invasive CMV disease at this point would not be indicated, or indeed 

considered ethical. The efficacy of treatment is traditionally  assessed by 

the clinical  response to therapy  since  conventional or shell vial blood cul- 

tures usually turn negative within a  few  days of initiating ganciclovir, re- 

gardless of  the clinical course. Van  den Berg et al (381, on the  other 

hand, found that the level of CMV antigenemia correlated  well  with the clini- 

cal response. Our experience has been similar. In a cohort of eight patients 

whom we started on conventional doses of ganciclovir for CMV infection, al- 

though  five responded promptly with decreased antigenemia, the other  three ex- 

hibited  a continued rise in CMV-Ag with persistent or worsening symptoms but 

promptly responded when the ganciclovir dose was empirically increased. All 

three belonged to  the  group  of four patients who had calculated  creatinine 

clearances of < 50 ml/min. This raises the  question  whether the dosage reduc- 

tions  recommended  by  the  manufacturer for this  group of patients  resulted in 

adequate  ganciclovir levels. Alternatively the  large  intervals  between  dosage 

adjustments ( Creatinine Clearances of 80 , 50 ,25 , 12.5 ml/min 1 can result 

in  a patient  with  a  clearance of  52  ml/min receiving a  dose  twice as high as 

one  with  a  clearance of 48 ml/min . Measurement of ganciclovir  levels is not 

widely  available at this time and it is not currently known if  the approach of 

monitoring levels, as is done for aminoglycoside therapy, would  increase the 

clinical  response  rate  and/or reduce the incidence of toxicity. However, 

serial CMV-Ag counts can be useful in  monitoring the effect of ganciclovir 

therapy and guiding the need for increased dosage. 
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The role  of  combining CMV specific  immune  globulin  with  ganciclovir  in 

the  treatment  of  invasive  CMV  disease  is  controversial (39). Dunn  et  a1 

reviewing  the  experience  at  the  University  of  Minnesota  reported  excellent 

results  with  a  30-day  cure  rate  of  almost 90% with  ganciclovir  alone.  On  the 

other  hand,  George  et ( 4 0 ) ,  in  a  randomized  study  suggested  that Combha- 

tion  therapy  of  CMV  pneumonia  may  result  in  fewer  ventilator  days  compared  to 

ganciclovir  alone  and  there  was  also  a  trend  toward  improved  long  term  sur- 

vival.  Combination  therapy  may  be  particularly  required  in  the  bone  marrow 

transplant  recipient  where  early  experience  with  ganciclovir  alone  was  disap- 

pointing (41) but  two  subsequent  studies ( 4 2 , 4 3 )  showed  improved  outcomes  with 

combination  therapy  though  neither  included  a  control  group  receiving  ganci- 

clovir  alone.  Because  of  the  significant  risk  of  mortality  in  invasive CMV 

disease,  we  favor  the  combined  use  of  these  agents  in  this  setting  though  a 

multicenter  randomized  trial  is  clearly  required  to  definitively  resolve  this 

issue.  This  is  particularly so since  the  cost  of  the  most  commonly  recom- 

mended  regimen ( CMV immune  globulin,  100mg/kg  qod  for 7 doses) is consider- 

able. 

With  the  advent  of  new  diagnostic  techniques, CMV infection is now often 

diagnosed  at  a  time  when  the  patient  is  exhibiting  the CMV syndrome  (fever  and 

myalgias  with or without  neutropenia).  Although  this  syndrome  can  resolve 

without  specific  treatment,  most  practitioners  will  begin  antiviral  therapy  as 

soon  as  the  diagnosis  is  confirmed  because  of  the  risk  of  progression  to  in- 

vasive  disease  and  the  evidence  that  the  earlier it is instituted  the  more 

successful  antiviral  therapy  proves  to  be.  In  this  setting  most  centers  will 

use  ganciclovir  alone,  given  the  additional  cost  concerns  of  immune  globulin 

therapy,  which  can  be  reserved  for  the  patients  who  do not respond  to  ganci- 

clovir  and/or  progress to  invasive  disease.  Therapy  is  generally  well- 

tolerated  though  occasionally  neutropenia  can  develop or worsen. Our  practice 

is  to  hold  ganciclovir  if  the  absolute  neutrophil  count ( W C )  falls to <l000 

and  give  granulocyte  colony  stimulating  factor,  reinnstituting  ganciclovir. 

once  the ANC rises  above 1500. 

Because  of  its  tendency  to  cause  nephrotoxicity,  there  is  only  anecdotal 

experience  with  the  use  of  foscarnet in  the  CMV  infected  transplant  recipient. 

In  most  cases it is  reserved  for  the  patient  who is progressing  despite  ganci- 

clovir/immunoglobulin,  particularly  if  there evidence  of  persistent  anti- 

genemia or  the  suspicion  of  ganciclovir  resistance  which  has  been  found to 

emerge  in  patients  receiving  ganciclovir  for  prolonged  periods. 

RELAPSING INFECTION 

Although  many  patients  will  respond  clinically  to  ganciclovir o r  com- 

bined  therapy  of CMV infection  most  reported  series  report  a  significant  inci- 

dence  of  recurrent CMV infection/disease  ranging  between 25%-50% ( 3 5 . 4 4 ) .  
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This  has  also  been  our  experience and Figure  1  shows  a  typical  case  occurring 

in a seropositive  recipient  of a kidney  from  a  seropositive  donor. After in- 

itially  responding  to  antiviral  therapy,  symptomatic  CMV  recurred  on two occa- 

sions  accompanied  by  a  recurrent  rise in antigenemia and required two further 

more prolonged  courses of antiviral  therapy  before  ultimate  clinical  resolu- 

tion.  It appears  that  recurrent  disease  may in fact be the  result  of an in- 

adequate  response  of  the host i m u n e  system. Van  den Berg  et a1 ( 4 4 )  have 

shown  that  patients  who  recur  develop  lower  levels  of  lymphocytes  carrying the 

CD8 marker  in  response  to  viral  infection,  while Manez et  a1 have  linked  the 

development of recurrent  CMV  with  an  atypical  type  of  IgG  response to infec- 

tion ( 4 5 ) .  The  optimal  method  of  managing  such  patients or of  preventing re- 

currence i s  unclear.  Recurrent  disease is much more common  in  patients re- 

ceiving a kidney  from a seropositive  donor  and  consideration  could b'e given  in 

such  patients to following  initial IV ganciclovir  therapy  with  a  supplemental 

6-8 week  course of high  dose  oral  acyclovir (800  mg qid PO adjusted for renal 

function). The development of recurrent  symptomatic  infection  generally re- 

quires  reinstitution  of  intravenous  ganciclovir. We are  currently  evaluating 

the  efficacy  of  oral  ganciclovir ( 3 2 )  in this  setting. 

PREEKPTIVE TBERAPY INFECTION 

A number of new laboratory  techniques  are  available  which can  even de- 

tect  evidence of activated CMV virus  in  the  blood  before  clinical  symptoms 

develop. This  has  opened  the  possibility  of a third  approach  to  posttrans- 

plant CMV infection,  which  Rubin ( 4 5 )  christened  "preemptive  therapy" in  a 

1991 editorial.  Preemptive  therapy is a form of targeted  prophylaxis in  which 

prophylaxis i s  withheld  and  antiviral  therapy  instituted  when  laboratory 

evidence  of  presymptomatic  viral  infection i s  found. The  Rubin  editorial was 

written to accompany  publication  of a study ( 4 7 )  in  which  bone marrow re- 

cipients  were  routinely  subjected  to  bronchoalveolar lavage between 35 and 49 

days  posttransplant  and  treated  with  ganciclovir  (5mg/kg  bid for 2 weeks, then 

5 days/week  until  day 1 2 0 ) ,  if  evidence  of  CMV  was  found on cytologic  studies 

or shell-vial  culture  of  aspirate.  Control  patients  were  observed  sequen- 

tially  and  treated  only if CMV pneumonia  developed.  Prophylactic  ganciclovir 

reduced the incidence of,CMV pneumonia  from 70 percent in  the control  group to 

2 5 % .  

There are now several  other  candidate  tests  that  could  be  used  for 

guiding  institution  of  such  therapy - the shell  vial  blood  culture,  and/or the 

detection of  CMV antigenemia by monoclonal  antibodies or viral DNA by PCR  in 

white  cells  isolated  from  peripheral  blood ( 4 8 ) .  What is needed is a  test 

that not only  detects  evidence  of virus sufficiently in advance  of  symptoms 

but also predictive  of  subsequent  development  of CMV infection  and the  need 

for antiviral therapy. Singh et al. ( 4 9 )  compared  in a randomized  fashion  a 
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Renal  transplant  patient  with  relapsing CMV infection. 

preemptive  short day)  course  of  intravenous  ganciclovir  against  conven- 

tional  high-dose  acyclovir  prophylaxis  in  liver  transplant  recipients.  Pa- 

tients  were  monitored  weekly  by  shell-vial  blood  culture  and  preemptive  ther- 

apy  given  as  soon  as  virus  was  detected.  Preemptive  ganciclovir  was  well  tol- 

erated  and  significantly  reduced  subsequent  viral  shedding  and CMV disease. 

However,  most of patients  fell  into  the  seropositive  category  and  only 

four  were D+R-, an  insufficient  number  to  conclude  whether  this  particularly 

high  risk  group  would  benefit. 

In  a  prospective  study  of 36 renal  transplant  recipients ( S O ) ,  we  compared 

the  ability  of  the  Shell  vial  and CMV antigen  tests  to  predict  subsequent  need 

for  ganciclovir  therapy.  Firstly,  we  evaluated  the  utility  of  several  degrees 

of  antigenemia  in  identifying  patients  for  preemptive  therapy. A count 

of > 5 0 / 5 0 , 0 0 0  PBLs was  used  as  the  criterion,  for  institution  of  preemptive 

therapy  during  the  study  because  of  previous  evidence  from  our  group  that  this 

predicted  a  high  likelihood  of  subsequent CMV disease (51) This  led  to 8 of 

the 10 patients  with  symptomatic CMV receiving  antiviral  therapy.  However 

treatment  was  not  truly  preemptive  in  that  most  already  were  symptomatic, 

albeit  mildly.  If  we  had  used  the  criterion  of  a  positive CMV-AG test  to 

institute  therapy  this  would  have  resulted  in  treatment  of  an  additional 15 

patients  most  of  whom  were  never  symptomatic. If the  object  is  for  treatment 

to  be  truly  preemptive  and  to  include  as  many  subsequently  symptomatic 

patients  as  possible  then our study  would  suggest  that  a  suitable  threshold 

might  be  a count >lo. U s e  of  this  threshold  would  have  resulted  in 

earlier  institution  of  therapy  by  about 4 days  in  the B patients  treated  and 

the  two  additional  patients  would  have  qualified  for  therapy.  Both 

subsequently  developed  mild  clinical  symptoms  and  their CMV-AG peaked  at 34 
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and 48 respectively  but  then fell spontaneously  to  low  levels as symptoms 

resolved.  Use of a  positive aulturc (Shell Vial) as  the  criterion  would 

have  delayed  therapy by 4 days  in  our 8 patients  and  would  have  resulted in 

' treatment  of an additional 8 patients, 6 of  whom  were  never  symptomatic. We 

found that if a  threshold  value of  CMV-Ag of 10/50,000 PBL's was used, this 

had  a  positive  predictive  value  of 100% for subsequent  symptomatic CMV 

infection,  whereas use of a  positive  Shell  vial  would result in  "unnecessary" 

therapy  of  as  many as 25% of  at risk  patients. 

We recently  initiated  a  randomized  trial  of  preemptive  therapy in at 

risk  renal  transplant  recipients  (seropositive  recipients  and  seronegative 

recipients  of  a  kidney  from  a  seropositive  individual).  The  PREEMPTIVE  group 

were  randomized to receive 'serial weekly  monitoring  with  the CMV-AG test con- 

bined  with  institution of combined  antiviral  therapy  with  ganciclovir (21 

days)  and  seven  doses of CMV  specific  immune  globulin  every  other day. The 

CONTROL  group  received  prophylaxis  with  either  acyclovir for 3 months 

(seropositive  recipients)  or  CMV  specific  immune  globulin  (seronegative re- 

cipients  of  a  seropositive  kidney)  and  antiviral  therapy  was  deferred  until 

the  development  of  symptomatic  CMV  infection  with  laboratory  confirmation  of 

infection.  Preliminary  analysis  suggests  that the preemptive  approach sig- 

nificantly  decreases  the  subsequent  incidence  of  symptomatic  CMV  infection  and 

there  was  also  a  trend  to  less  tissue  invasive disease. Similar  numbers 

50%) in each  group  required at  least one  additional  course  of  antiviral 

therapy for recurrent  antigenemia or symptomatic CMV. Most  of  the  problems 

with  recurrent CMV occurred  in  the DtR-  group  (of  whom  there  were 6 patients 

in each group), who  exhibited  a 40% requirement for  repeat antiviral  therapy. 

It  may  be that  early and aggressive  prophylaxis (e.g. initial  intravenous 

followed  by  prolonged  orai  ganciclovir)  either at the  time of transplant or on 

detection  of  antigenemia,  may  be  necessary  to  more  effectively  prevent  relaps- 

ing  disease in this group. This  could  then  be  supplemented  with  monitoring 

for CMV  antigenemia or DNAemia by PCR  with  reinstitution of intravenous  drug 

if a  rising  titer of antigenemia is found. 

Thus, while  significant  advances in  the prevention and management  of 

posttransplant CMV have  been made, there  remains  much  work to be  done.  In 

particular  better  and  more  viricidal agents, which  can be given  orally  are 

needed  and  the  questions of universal  prophylaxis versus targeted  preemptive 

therapy and single  versus  combination  therapy  of  established  disease  will  need 

to be resolved. Larger  multicenter  trials  will be  needed, particularly in  the 

very high-risk  D+R-  patients, preferably  stratified by the  type  of  transplant 

since it is to  be expected  that  more  extensive  prophylaxis/treatment  may be 

needed in  the  more heavily  immunosuppressed  individuals  receiving  bone  marrow 

or heart-lung than  for example, those  receiving  kidney  transplants.  Finally 

such  trials  will  also  have to address in detail  the  question  of  cost- 
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effectiveness,  since  in  these  days  of  managed  care,  sometimes  the  price  of 

success  can  be  too  high. 
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ABSTRACT 
The  immunodiagnosis of prion  diseases is of critical  importance due to the 

transmissibility of these  conditions and their  fatal  prognosis. A panel  of  monoclonal  and 
polyclonal  antibodies  have  been  generated  for  use  in  the  study  and  diagnosis of these 
diseases. manuscript  describes  the  generation  and  characterization  of  these  antibodies as 
well as their  diagnostic  application. 

INTRODUCTION 

Prion  diseases  are  transmissible  disorders of the  central  nervous  system  whose 

parameters are controlled by strong  genetic  influences (1). These  neurological  conditions 

occur  in  a  wide  range  of  mammalian  genera  including  humans (2). Scrapie in sheep and  goats 

is the prototype  of  prion  diseases  and  this  form of disease  has  been  known  for  over  two 

hundred  years. The human  prion  conditions  include  Creutzfeld-Jakob  disease,  Gerstmann- 

Strgusler  syndrome, kuru and  fatal  familial  insomnia.  Recently  this  group of disorders  has 

spread to new  hosts  including  cattle  and  domestic  cats.  While  these  conditions  occur  at  a  low 

frequency,  diagnosis is important  because of their  transmissibility  and  fatal  prognosis.  The 

hallmark  of  these  disorders is the  conversion of a  host  membrane  glycoprotein  termed P P  

{or P r F )  into  a  protease  resistant  highly  aggregated  form  termed PrP” { or hfyes} 

Mutation  in  the  gene  which  codes  for  this  protein in the  form of  point mutations,  insertions 

and  deletions  are  associated  with  genetically  inherited  forms of these  diseases (4). The 

majority of human  prion  diseases  (greater  than 95% of cases)  occur  sporadically  with no 

known source of infection.  The  only  known  contributing  factor is a  higher  incidence of 

disease  associated  with  homozygosity  for  a  polymorphism  at  codon 129 of the  PrP  gene (5). 

The rapid  and  accurate  diagnosis of prion  diseases is of critical  importance to the 

medical  communities.  The  immunological  detection of PrP  using  either  monoclonal  or 

polyclonal  antibodies to PrP  affords  the  sensitivity  and  specificity  required  for  such  an  assay. 



The basis of the humoral  immune  response to PrP  will be discussed as well as the utilization 

of  antibody  based assays for the diagnosis of  prion disease  in a wide  range  of animal species. 

MATERIALS  AND  METHODS 

PREPARATION OF PRP  ANTIGEN: Prp was  isolated  from the brains of mice or 

hamsters infected with scrapie agent (6). The  preparation of the inoculum,  injection, scoring 

and sacrifice of the animals were  performed as previously  described (6). PrP was  purified 

from brains of  infected  animals at the clinical stage of disease by a modification of the 

procedure  of  Hilmert  and  Diringer  (7) previously  described (6). The procedure  involved 

the use of detergent extraction, differential  centrifugation,  and  treatment  with proteolytic 

enzymes. The fiial pellet  obtained  from 12 hamster  brains  or 24 mouse  brains  contained 100 

to 500 pg of PrPL  and 1 to 10% of the infectivity  found  in the original homogenate (6). 

IMMUNIZATION:  Animals  (Balb/CJ  mice, Syrian LVG/LAK  hamsters,  New 

Zealand  white rabbits or R P  knockout  mice (8) ) were  immunized  with  non-infectious formic 

acid extracted PrP as previously  described (9). Monoclonal antibodies were  produced  from 

Balb/CJ or RBF/Dn  mice  immunized  with  hamster  PrP.  Clones  produced  from  such fusions 

yielded  monoclonal antibodies 3F4 and  7G5(6).  Animals  were  immunized  with 2040 pg of 

purified PrP" which  had  been  solubilized  and  rendered  non-infectious  using  formic  acid (9). 

Antigen  was  emulsified in Huntefs titer max (Vaxcel,Norcross,GA)  and  each animal 

receiving immunizations.  Following  such a regimen, rabbits were  used to produce 

polyclonal  antibody  and  mice used to generate  monoclonal  antibody. 

IMMUNOASSAYS: .ELISA, Western  blot  immunofluorescence  and 

immunohistochemical assays were  carried  out as previously  described (9) and  used to assay 

immune  response to PrP. In addition, the  immunodiagnosis of prion  disease  using  Western 

blot  and  immunohistochemistry was performed  using  these  reagents. 

PEPSCAN  ANALYSIS:  Synthesis  of a complete set  of  overlapping  solid-phase 

dodecapeptides (12 peptides)  on  polyethylene  rods  and  the  subsequent detection by  ELISA 

assay  were out  according to established  PEPSCAN  procedures (10). For the synthesis 

of  peptides, the sequence data of mouse PIP determined by  Locht  et al. (1 1) were used. 

Peptides  were  considered to represent antigenic sites when  peaks  occurred in a set  and  at least 
one of the peaks in such a set  reproducibly  attained a value  more  than  twice the background. 

RESULTS 

The  immunodiagnosis of prion  diseases is dependent  upon the availability of highly 

specific antibodies to PrP  which  react  with this protein  originating  from a wide  range  of 
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mammalian  sources. The goal  of  our laboratory has been to generate a variety of polyclonal 

a d  monoclonal antibodies to PrP  and to apply  such reagents for research  and 

imunodiagnosis. Antibodies to PrP  have  been  produced  in  three different animal species 

(rabbits, mice and hamsters) (Table 1). The  ability to generate  such a response appears to be 

based upon self-nonself recognition  i.e.  mice are tolerant to mouse  PrP  while  immunoreactive 

to hamster RP. addition PrP  knockout mice, which  are  devoid of indigenous PrP, produce 

an  avid  humoral  response to foreign mouse  PrP.  Rabbits  responded to four major epitopes on 

mouse h p  ; such epitopes are absent  from  the  animal  which  generated the immune  response. 

Interestingly inter-species relationship  among PrP from  various sources become  evident  using 

this approach. Antibodies generated  in  rabbits to mouse  PrP  react  with all mammalian  species 

except ferrets, mink  and  rabbits. The reactive  epitopes  are  mainly located in  the 

C-terminal region of the  protein,  amino  acids 180-225. The response in mice and 

hamsters , as  seen in other species, is self-nonself  dependent.  Animals will not  generate 

an  immune response to homologous  PrP. The region  between  amino  acids 109-114 

appears to  be an  important  antigenic  site.  The  antibody  response  to  mouse  PrP 

generated in hamsters is the only antibody known to  immunoreact with rabbit  and mink 

PrP.  Monoclonal  antibody 3F4 recognizes  an  epitope  present  on  hamster  and  human PrP 

between  amino  acids 109-113 which is  dependent  upon  the  presence of methionines at 

positions 109 and 112. An additional  monoclonal  antibody (7G5) has been  produced  in 

response to hamster  PrP  and this antibody  reacts  exclusively  with  hamster  PrP(6).  The 

immune  response to mouse PrP in the single PrP  knockout  mouse  examined thus far is 

directed  toward the same epitope as  that  seen in rabbits to  the  same antigen.  Another 

interesting  inter-species  relationship is seen in the  response in mice to  PrP  peptide 176- 

184. The  antibodies  generated reacted with all PrP  species  examined  except  ferret and 

rabbit,  both of which differ  from  the  other  species at  either position 177 (leucine to 

phenylalanine  in  ferrets) or position 180 (leucine to aspartic acid in human). 

The species  specific  recognition of PrP by these  different  antibodies  is shown in 

Table 2. The immunoreactivity of the  different  PrPs is based  on  shared  epitopes  and 

reflect the genealogy of PrP. Avian PrP  has  been  sequenced and retains  approximately  a 

50% homology with mammalian PrP (12). Despite  this homology there  appears  to  be no 

shared  epitopes  between  the  antibodies  generated to these  different  PrPs.  Antibody 

generated  to avian PrP  does not  crossreact with mammalian  PrP  and likewise antibodies 

to mammalian  PrPs do not  crossreact with avian PrP.  Arachnids (hay mites)  were  also 

investigated  for the presence PrP  immunoreactive  protein using this  panel  of 

antibodies.  Several  antibodies to  PrP (see Table 2) crossreact with protein(s)  present in 
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TABLE 1 

PEPSCAN*  ANALYSIS OF ANTIBODY  TO  PrP 

TABLE 2 

ANTIBODY REACTIVITY  WITH PrF FROM  VARIOUS  SPECIES 

Bov Fe1  AHa  CHa  SHa  Hu  Mk  MO  Rb  Rt Sh Chk ARA 

Mab3F4 + + -  + + " "  " .  
Mab7G5 - + + + -  - . . -  " -  
rabbit  anti-MoPrP + + + + + + - + - + + - + 
rabbit  anti-SHaPrp + + + + + + - + - + + - + 
rabbit  anti-ChkPrP - - + +  
hamster  anti-MoPrP + + - + -  - . + +  + +  + -  + 
PrP  Knockout  mouse + + + + + + nd + - + + - . 

arachnid; bovine;  Chk,  chicken;  Fel,  feline;  AHa,  armenian  hamster;  CHa,  Chinese  hamster, 
SHa,syrian  hamster;  Hu,  human;  Mk,  mink;  MO,  mouse;  Rb,  rabbit; Rt, rat; Sh, sheep. 
nd-not  done. 



IMMUNODIAGNOSIS OF PRION  DISEASE 

mite  preparations. The sequence homology of this  immunoreactive  protein to 

mammalian or avian PrP is  being  investigated. 

Antibodies  generated to  PrP have been used to  examine the cellular  distribution 

of  this  protein and as  diagnostic  aids to study prion  disease.  Immunofluorescence  studies 

have  revealed  the  topographical  distribution for PrP’ (Figure 1). This  protein  is  linked by 

a glycosylphosphatidylinositol (GPI)  anchor to  the surface of  all mammalian cells. The 

concentration of this  protein  appears to be  highest  on  cells of the  central  nervous system 

especially  neurons and astrocytes. The distribution of this  protein on the surface of a 

reactive  astrocyte is shown in Figure 1. The protein  appears  to  cover  the  entire  surface 

of such cells. During  prion  infection  this  protein is abnormally  processed  resulting  in  the 

acquisition of protease  resistance and in its  accumulation within lysosomal vesicles. Over 

time  this  leads to the  extra-cellular  accumulation in the  form of PrP”  aggregates  and 

amyloid. 

The diagnosis of prion  disease is most often accomplished using Western  blot 

analysis or immunohistochemistry  for  the  detection of PrP”. Western  blot  testing is most 

often  performed  because  diagnosis  is based on  several  parameters  of PrP* and the 

results  can easily be  interpreted  based  upon  three  characteristics  of hps. The assay 

relies  on  these  important  criteria;  the insolubility of  PrP” in detergent,  conversion to 

specific  molecular  weight  forms following protease  treatment and immunoreactivity with 

highly specific  antibodies  to PrP. Several  monoclonal and polyclonal antibodies are 

available  for such diagnostic  studies. The identification of PrPS”derived  from  infected 

hamster,  mouse  and  human  brain tissue is shown  in Figure PrP  proteins  were  isolated 

by centrifugation and electrophoresed with or without  prior  protease  treatment.  Proteins 

were  transferred to nitrocellulose and immmunoblotted using highly specific  rabbit 

polyclonal antibody to PrP. The characteristic  shift in molecular weight following 

protease  treatment of the  immunoreactive  proteins  assures  the  correct  identification of 

PrPs  and  the  proper  diagnosis. 

The critical  importance  for  rapid  and  accurate  diagnosis of human  prion  disease 

was recently  emphasized by an  outbreak of CID in young adults  (Table These cases 

in Great Britain(l3,14)  and  France (15) occurred in patients 16-39 years of age,  an  age 

significantly younger  than  normally  observed  for such patients.  Sporadic CID normally 

occurs in patients 50-70 years of age  and is not known to occur  naturally  within  this 

youngerr  age  group.  However,  patients of this age have  been known to become  infected 

iatrogenically i.e. through  the use of contaminated  products or instruments. example 
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Ham Mouse Human 

U PK U PK U, PK 

Figure 2 
Western  Blot Analysis of PrP” in Three .Different Species. PrPS was isolated by 

differential  centrifugation from the  brains, of prion infected hamsters  (Ham), mice or 
humans. PrP” was analyzed by PAGE  either  untreated (U) or following treatment with 
proteinase K (PK).  Samples were immuno-blotted  as previously described (9). 
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of such contamination was the use of pituitary dergrowth hormone obtained from human 

tissue ( Table (16). the cases associated with the BSE epidemic there is at present 

no dire:t evidence, despite extensive investigation, transmission between cattle and 

humans. Nevertheless, even without such direct evidence, the transmission of agent 

between BSE cattle and humans appears to  be the most  likely explanation for these 

unusual cases 

DISCUSSION 

It  has been the goal of this laboratory to generate a  wide range of monoc~ona~ 

and polyclonal antibodies to PrP. Such reagents are  important tools in the study and 

diagnosis of human and animal prion disease. These antibodies provide the sensitivity 

and specificity  only available through the use of such reagents. Such antibodies serve as 

the resource for the rapid  diagnosis of  prion  disease  such as the  outbreak  in  cattle (17) and 

recently in young adults (13). These  reagents  have  also  provided  some  unique  insight  into  the 

inter-species  relationship  among PrP proteins  and  prion  disease.  The  immunoreactivity  of 

monoclonal  antibody 3F4 and  polyclonal  antibody C3 are mutually exclusive in  that  they 

recognize  analogous  epitopes  on  different  species of PrP (see  Table 1). However feline PrP is 

unique  in  that  it is immunoreactive  with  both  antibodies  suggesting  an  unusual  sequence  and 

genealogy  for  this  protein.  Recent€y  polyclonal  rabbit  antibody to PrP has been  shown to react 

with  a  protein  present  in  arachnid  species (18) further  supporting  the  high  degree of 

conservation  for PrP protein (19). The  association of abnormal  forms of this  protein  with CNS 

disease  in  mammalian  species  is  well  established.  The  potential  association  with  similar 

diseases in avian and  lower  invertebrate  species  is  certainly  possible  and  intriguing. 

The  unique  nature  of  prions  creates  the  risk  for  potential  outbreaks  in  animal  and 

human  populations.  These  risks  are  further  complicated  by  many  unresolved  questions 

surrounding  these  agents.  One of the  major  issues  involves  their  relationship to other  forms  of 

infectious  agents.  The  prion concept  suggests  that  these  agents  are  composed  exclusively or 

almost  exclusively  of PrP protein (1). The  wide  diversity  of  prion  properties  within  a  single 

host  containing  a  single PrP coding  sequence  has  suggested  that  other  factors  may  play  a  role. 

The  diversity  and  complexity  of  prion  would  appear to extend  beyond the  informational 

content  of  the  primary  sequence of PrP protein  alone.  The  role  of  a  small  non-coding  nucleic 

acid  associated  with the prion  agent  has  been  suggested  as  exemplified in the  virino  theory 

(1). It has  also been  suggested  that  such  properties  would  not  have to involve  a  classic 

nucleic  acid  coding  sequence  but  perhaps  only  an  additional  protein  moiety  associated  with 
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TABLE 

PRION DISEASE  IN YOUNG ADULTS 

Number 

of Cases 

Pathology Reference Diagnosis 

Sporadic 

CJD 

- 
Sporadic 

CJD 

Sporadic 

CJD 

Growth 

Hormone 

related 

CJD 

10 Great 

Britain 

16-39 

mean 27 

spongiosis 

cortical and 

cerebellar 

plaques 

W11 et al. 

Lancet 347: 

921,1996 

1 Great 

Britain 

28 spongiosis 

cortical 

plaques 

Tabrizi et 

al.  Lancet 

347,  941, 

19% 

l France 26 spongiosis 

cortical 

plaque 

Chazot et 

al. Lancet 

347:  1181, 

1996 

~ 

France 

Great 

Britain 

~~ 

12-39 

~ ~~~ 

spongiosis 

cortical 

plaques 

~ ~~ 

Brown et 

al. Lancet 

340: 

1992 

45 

RP which  one  proposal has been  designated  protein X (20). Regardless of the  nature of the 

infectious  agent,  it  had  been  believed  that Prp was  generated as part  of  the  agent  replication 

process.  Recent  studies  have  however  demonstrated  the in vitro  cell  free  conversion of RPc 

into protease resistant RP‘ (21). Such  conversions  have  only  been  shown  to  take  place in the 

presence of preexisting RP.  It is not  known  if de  novo  generation is possible.  It is also not 

known  if the newly  generated PrP is  associated  with  infectivity. 



IMMUNODIAGNOSIS OF PRION DISEASE 267 

The true nature of prions  remains  controversial  and the basis of much  speculation. 

Prions  may  indeed arise from  a rare de novo  event  leading to a  protease  resistance 

transmissible  form of  PrP. This rare event would  reflect the incidence of sporadic  CID, two 

per  million in the general  population.  Others  have  suggested  that  prion  disease  arises in 

another  perhaps  equally  unique  manner. In this scenario, the agent  would be ubiquitous but 

gives rise to disease in only  genetically  susceptible  individuals.  Susceptibility  might be 

controlled  through the PrP  gene  itself.  Once  disease  occurs, the disease  could be transmitted 

by direct  CNS to CNS contact.  Considerable  information  has  come to light  in the past  few 

years  concerning  these  agents  but many issues  remain  unresolved.  This  group of diseases 

which  once  mystified the primitive  Fore  tribe of  New Guinea  continues to surprise  and 

perplex  modem  scientists. 
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ABSTRACT 

Chronic fatigue syndrome (CFS) has emerged as a public health concern over the past 
decade. working case definition was created in 1988 and revised in 1994,. and this has been used 
to establish  prevalence estimates using physician-based surveillance  and an a random  digit  dial 
telephone survey. Although CFS has some  characteristics of an infectious disease, so far no 
infectious agent has been associated with the illness. Studies of immune function in  CPS patients 
failed to detect  differences between cases and healthy controls.  However,  when  cases  were 
subgrouped according to whether they had  a sudden or gradual onset, differences in immunologic 
markers  were detected between cases and their matched controls. 

INTRODUCTION 

Chronic fatigue syndrome (CFS) is  an illness of unknown etiology which has emerged as 

an important  public health issue over the last decade. It is characterized by debilitating fatigue, 

accompanied by  a variety of other  symptoms, including problems with short-term memory, 

difficulty concentrating, muscle and joint pain, headaches, sore throat,  tender lymph nodes, 

unrefreshing  sleep  and post-exertional malaise. In 1988, a group  of  experts  convened by the 

Centers for Disease Control  and  Prevention  (CDC) devised a case definition for CFS in  attempt 

to standardize the patient groups used in  CFS research (1). This  definition was revised in 1994 

by an international working group, including physicians from the United states,  Australia,  Great 

Britain, Italy, Sweden, and the Netherlands, to reflect the broader experience with the illness (2). 

PREVALENCE OF  CFS 

In 1989, CDC set up a surveillance system for  CFS in four cities in  the US in  order  to 

establish the prevalence of the illness. The cities were Wichita, Kansas, Grand Rapids, Michigan, 
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Reno, Nevada  and  Atlanta,  Georgia.  All  physicians in specialties  likely  to  see CFS were  asked 

to participate by referring patients  with  unexplained  fatigue or chronic  unwellness to the 

surveillance  system. If the  patient  agreed to participate,  they  were  then  thoroughly  evaluated for 

CFS using  the 1988 case  definition.  After  4 years, the  surveillance was terminated, and  the 

prevalence  rates for each of  the 4 cities  determined.  The  crude  prevalence  rates  ranged from 3.8 

per 1OOOOO in Atlanta  to  9.6  per 1OOOOO in  Wichita,  with  an  overall rate of 5.2 per 1OOOOO 

Since this system  relied  upon  physician referral, the  rates  generated are necessarily  a 

minimum estimate, so in 1992 we took an alternative  approach  to  estimating  the  prevalence of 

CFS.  We  conducted  a  random  digit  dial  telephone  survey  in  San  Francisco,  California  and  asked 

if  any  member  of  the  household  had  been  fatigued for 1 month or longer. Anyone  answering  in 

the affirmative was  asked  to  participate in the  surveillance  survey  and  answer  a  detailed 

questionnaire  about  their  illness.  This  information  was  used  to  characterize  respondents  as  "CFS- 

like", using the 1994  case  definition.  These  people  were not  interviewed in person,  nor  were  they 

seen by a  physician to eliminate  other  potential  causes of  fatigue,  and  thus this prevalence  estimate 

will  be  higher  than  the  true  prevalence. We  estimated  that  the prevalence  rate of CFS-like  illness 

was 200 per 100000. 

IS CFS AN INFECTIOUS  DISEASE? 

Evidence  that CFS might be caused  by an infectious  agent  has  come  from  both 

epidemiologic  and  immunologic  evidence.  A  series of outbreaks of fatiguing  illnesses  have  been 

reported earlier in  this century, in  particular  in Los Angeles, USA  (1934), Akureyri  Iceland 

(1948)  and the Royal Free Hospital, UK (1955).  Many of these  outbreaks were thought to be 

atypical  polio,  though  no  causative  agent  was  ever  found.  This  historical  link has fueled  the  search 

for evidence  of enteroviral infections in CFS. In  addition,  it  has  been  known for some  time  that 

chronic  infection  with  a  variety  of  agents,  such as the  herpesviruses  Epstein-Barr  virus  (EBV) and 

cytomegalovirus (CMV),  enteroviruses,  retroviruses,  and Borrelia burgdotferi can lead to a 

fatiguing illness. In 1985 an outbreak of a  chronically  fatiguing  illness  was  reported to be 

associated  with  elevated  levels of  antibody to the  early  antigen  (EA) of  EBV. However, 

this association was  not  conf%ned  and subsequent  studies by other investigators  showed  that 

though  some  patients  with  fatiguing  illness do have  elevated  EA titers, it is not  useful in 

diagnosing CFS (4). 

Perturbations in  the  immune  system  have also been  described  in  CFS. These include 

increased activation  markers  (CD38,  DR)  on CD8 T cells (S),  a  decrease in the percentage of 

circulating T suppressor cell  population  (CD8 CDllb) (3, and a  decrease  in  circulating  naive 

helper  T cells (CD4  CD45RA)  (6).  Low  numbers  of  circulating  natural  killer cells and 
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decreased NK function have  been reported (6-12), as have decreased lymphocyte proliferative 

responses (13) and low absent delayed-type hypersensitivity responses as measured by skin 

testing (14). However, none of these differences are found consistently in  all  patient  groups. 

These  changes,  although inconsistently found,  are suggestive of the kinds of  changes  seen  in an 

acute  infection,  and  have led to the suggestion that CFS is a disease of chronic immune 

activation. Some  external insult such as an infectious agent, environmental toxin, or stress,  sets 

up conditions in a susceptible individual that lead to a chronic reactivation of latent  viruses, 

which  in turn leads to a chronic activation of the immune system, and then cytokines produced 

by that chronic activation give rise to the symptoms of CFS. 

In order to address these questions, we designed a case-control study using CFS patients 

from  our surveillance system. Twenty-six CFS patients were recruited from the Atlanta 

component of the surveillance system, and 50 controls matched by age,  race  and  sex  were 

selected by random digit dialling.  The goals of the study were to (1) determine epidemiologic 

risk factors for  CFS, (2) determine if we could detect a common  exposure to  an infectious agent 

and (3) identify differences in immunologic parameters between cases and controls. By studying 

such a wide  range  of  factors  in a small but well-characterized group of cases, we hoped to  be 

able to confirm  some of the many smaller studies that exist  in the literature. 

We found no differences in seroprevalence between cases and  controls in any of the 

agents that we screened. These included enteroviruses, retroviruses,  arboviruses, hepatitis B and 

C, adenovirus, parainfluenza viruses 1,2 and 3, respiratory syncytial virus,  parvovirus B19, 

corona  virus,  measles,  rubella, Rickettsiaceae,  Bartonellae,  Borellia  burgdolferi,  Candida 

albicans, and Chlamydia species. We also compared both  exposure  and antibody titers to 

herpeseviruses, including EBV (early antigen, nuclear antigen and viral capsid antigen), 

cytomegalovirus  (CMV), human herpesvirus 6 (HHV6)  and varicella zoster.  Again,  no 

differences  were  seen between cases and controls.  Peripheral blood lymphocytes were cultured 

for retroviruses and HHVB, and stool samples examined by reverse  transcriptase PCR for 

evidence enteroviral infection. There was no evidence of infection with these agents  in  either 

cases  or controls (15). Thus, we conclude that in  this  group of patients, there  was no evidence 

of a single infectious agent associated with CFS, nor was there evidence of elevated antibody 

titers consistent with either reactivation of a latent virus with generalized immune activation, 

The immunologic findings from this study are noteworthy for the lack of differences 

found between  cases and controls. We compared proliferation responses to mitogens and 

antigens, natural killer (NK) cell number and function, cytokine production in response to 

mitogen, circulating cytokine levels, and an extensive panel of lymphocyte cell  surface  markers 

and activation markers. In addition, we determined delayed-type hypersensitivity responses using 

the Merieux multitest (Connaught Laboratories,  Swiftwater, PA), and we examined the level of 
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allergies in the  population by screening sera against  a  panel  of  allergens  specific for the Atlanta 

area using  a  radioallergosorbent  (RAST)  assay. We  were  unable to confirm reports of  increased 

frequency of allergy and  anergy  in CFS patients. We were  also  unable  to  confirm reports of 

altered  lymphocyte subsets, of  decreased  natural  killer cell function, of decreased  lymphocyte 

proliferative  responses, andof altered  cytokine  profiles.  In particular, we found no evidence for 

circulating  cytokines, at least  among  those  we  examined,  which  included IL-la,  IL1 p,  IL2, IL- 

4, IL-6, interferon-y, TNF-a. TNF-p and TGF-p  (16). 

We  then  subgrouped our patients  according to their  type  of  disease onset. Nine  CFS 

patients  described  a  sudden  onset  to  their  illness,  with  fatigue  and  other  symptoms  appearing  over 

1-2 days, while  the  remaining 17 reported  a  gradual  onset  of  symptoms.  When we repeated our 

analyses,  patients  with  a  sudden  illness  onset had an  increased  percentage of CD8 T  cells 

expressing CDl lb  (suppressor  T  cell  subset).  This  T  cell  subset is elevated in acute  viral 

infection.  They  also  showed  an  increased  production of  IL-2  in response  to  mitogen  stimulation 

and an increased proliferative response to Candida antigen. In contrast, patients  with  a  gradual 

disease onset  did  not  show  these  differences,  but  showed  a  decrease  in IL-lp production in 

response to mitogen  and  had  a  lower  percentage  of CD56 (NK) cells expressing CD2 (T cell 

marker). Three patients in this group also had  detectable  circulating  TGF-p  (16).  This  is not a 

pattern of alterations usually  seen  in  infectious  disease,  and may reflect  a different pathogenic 

process.  Risk factor analysis  also  detected  differences  between  cases  with  gradual  illness  onset 

and  their  matched controls, Gradual  onset  cases had a greater number  of stressful life events  in 

the year prior to illness onset. They were also  more  likely to have  been  exposed to agents  such 

as  pesticides, to have  had  a  hysterectomy,  and  to  report  having  symptoms of an  upper  respiratory 

tract infection. No risk factors  were  identified for the  sudden  onset  cases  (17). 

Taken together, these  data  suggest  that CFS cases  can  be  subgrouped on the basis  of  the 

type of disease  onset.  This in turn may  reflect 2  different  etiologies  for  the  disease.  Sudden  onset 

cases may  have an infectious trigger, whereas  gradual  onset  cases may  have either an 

environmental trigger or a  stress-induced  illness. The numbers  in  this  study are small,  and  the 

results need to be confinned  in  other  studies.  However, if there are 2  different  processes  at  work, 

this  would  help  to  explain  why  there are so many conflicting reports in  the literature, since any 

given group of CFS patients  would  contain different ratios of the  two.  This  study  suggests  that 

subgrouping  of CFS patients  should be included in future work. 
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Abstract 

In  the  last years many  of  the superantigens of  the microbial  world  have  been  defined 
and  the  mechanisms  of cellular  interaction  between  lymphocytes  and  antigen  presenting  cells 
has  been  elucidated  in great detail.  The  consequences of superantigen  stimulation of the 
immune system, though  less well defined,  can  be  considered  in  three  separate  stages:  T-cell 
proliferation, apoptosis, and recovery. Understanding  these  stages  may  explain  why diverse 
superantigens may cause  markedly  different  clinical  processes  ranging  from  acute  shock  to 
chronic arthritis and  may  form  the basis for novel  treatments of  these diverse  diseases. 

Introduction 

Until  very  recently,  the  T-lymphocyte  was  not  considered a significant  contributor  to 

the  pathogenesis of bacterial  infections. Currently, there  is  widespread  interest  in  defining  the 

role of the  lymphocyte in infections  caused by  Gram positive  pathogens  such  as 

~ o c o c c u s  a- and -. Most  of these  investigations  have  been 

done  in vitro and  there  is  now  firm  understanding of the  molecular  mechanisms of activation 

of T-lymphocytes by proteins  produced by  such bacteria.  Indeed  the list of potential 

superantigens  gets  longer  daily as  many investigators  attempt  to  demonstrate  that  their favorite 

organism  produces  proteins  that can interact  with  T-lymphocytes  in  this  unique  way. Thus, a 

barrage of papers  have  somewhat  confused  the  literature.  Indeed  it  is  difficult to imagine  that 

the  final  common  immunological  pathway  is  similar for diverse  diseases  such as 

staphylococcal  food  poisoning,  staphylococcal  toxic  shock  syndrome,  streptococcal  toxic  shock 
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syndrome, arthritis caused  by Mycobacterium  species  and  mouse  mammary  tumor  virus 

infection. Though a  common  mechanism  may  not  explain  all  these diseases, is there evidence 

. that superantigens play  significant role in the  pathogenesis of  any  disease?  This  manuscript 

will  review  the  known characteristics of superantigens and  will explore the cellular and 

molecular  mechanisms  that  affect the T-lymphocyte. 

Superantigens:  Products of microbes. 

The superantigens  studied to date include  exotoxins  from and 

-. some surface components of S. -, and 
m, and some viruses.  Staphylococcal  enterotoxin B (SEB) is without  question  the  most 

studied bacterial superantigen.  The  streptococcal  pyrogenic  exotoxins (SPE) B and  C as 

well as two  newly  described  streptococccal  superantigens,  streptococcal superantigen (SSA) 

and  mitogenic  factor  (MF), also have  been  shown  to  have  properties  of  superantigens. In 

addition, there is some evidence that certain streptococcal  M-proteins  (such as M-5 protein) 

may also serve as superantigens. t&a&ma arthriditis produces surface proteins  that  have 

superantigen qualities which  may  play  a  significant  role in experimental arthritis due to this 

microbe.  One other surface component,  cytoplasmic  factor of enterocolitica, has 

been shown to have  superantigenic properties, Finally two viruses,  mouse  mammary  tumor 

virus  and  the  human  immunodeficiency virus, are putative  superantigens. 

The  Consequences of Superantigen  Interaction  with  the  Immune  System. 

Cells of the  immune  system are constantly  bombarded  with  antigens.  Though  most are 

recognized as foreign, clearly  self  antigens  interface  with  immune cells as well. The dynamic 

impact  of superantigen stimulation  of  the  immune  system  can  be  considered in three separate 

parts: early events, subacute  events,  and  late  events.  The  early  events require that the 

putative superantigen interact  simultaneously  with  both  the  MHC  Class I1 complex  of an 

antigen  presenting cell and  precise areas of the  T-cell  receptor  called Vp regions. There is 

great interest in defining  the structure/function relationships of different  superantigens  and in 

elucidating  the precise binding  and  activational  regions of the MHC  Class I1 and  T-cell 

receptor, however the focus of this manuscript  will be to discuss the consequence  of 

superantigen-T  lymphocyte  interaction.  Following  recognition, proliferation of lymphocytes 

bearing specific Vp regions of the  T-cell  receptor  (lymphocyte  blastogenesis) occurs with  early 

production of monocyte-derived  cytokines  followed  later by production  of  cytokines of 

lymphocyte origin. 
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In the  sub-acute  stage,  the  expanded  population of  T-lymphocytes  becomes tolerant  to 

subsequent  stimulation by  homologous  and heterologous  superantigen. In addition, a  general 

state of  anergy exists. This  phenomenon  occurs  both  in vitro and in vivo.  During  this time, 

there is also evidence  that  the  expanded  clone  of  T-lymphocytes  undergoes  a  diminution  in 

size, referred  to  as deletion. This may occur  through  a  process of  programmed cell  death 

termed  apoptosis.  Finally,  this  stage  is  associated  with  down  regulation of  both IL-2 

production  and  IL-2  receptor  (IL-2R)  expression. 

The  late  stage of superantigen  activation is characterized by  the return of  normal 

lymphocyte  function. Thus, the  number  of  lymphocytes in general  as  well as the  number  of  T- 

lymphocyte  subsets  bearing  specific Vp repertoires  returns to normal. In addition,  specific 

anergy  and  tolerance are resolved.  Finally,  antibody  production,  stimulated by classical 

antigen  processing  proceeds  in a normal  fashion. 

Recent  studies  have  shown  that  activation of  the  T-cell  via  the superantigen  mechanism 

requires  the appropriate toxin,  viable  T  lymphocytes  bearing  a  specific Vp repertoire, and 

either  a  viable  antigen  presenting  cell  (APC),  a  non-viable APC, or a  fragment of the  MHC 

Class I1 receptor (1). Other  accessory  molecules may also  participate  in  the  docking  between 

MHC  Class  I1  and  T-cell  receptor  (TCR).  One the  T-lymphocyte  binding sites for 

enterotoxin  appears  to  be CD4 (2). This  could serve to  stabilize  the  complex  between  the 

TCR and  MHC  Class 11. Further, blocking  of other  surface  molecules  such  as ICA"1, 

CDlla, CD28, or CD2 with  monoclonal  antibodies  effectively  prevented  T-cell proliferation 

in  the  presence of staphylococcal  superantigens 

The  consequences of superantigen  stimulation of the  immune  system are T-lymphocyte 

proliferation and generation of  vast quantities of the  lymphokines  IL-2,  gamma interferon and 

TNFp (4-6) as well  as  the  monokines, TNFa, IL-1  and  IL-6 (4,7), yet the'dynamics of 

production are quite  different for each.  Specifically,  during the first 24  hours,  production  of 

TNFa by peripheral  blood  mononuclear  cells  (PBMC)  predominates. By 48 hours, TNFp is 

detectable,  and at 72 hours,  equal  quantities of TNFa and TNFp can be  measured (4).  IL-2,  a 

lymphocyte  growth factor, is  believed  to drive the  proliferation  of  lymphocytes. 

The control mechanisms  of cytokine  production  via  the  superantigen  mechanism is 

poorly  understood,  however  both  counter-regulatory  cytokines,  shedding internalization of 

receptors, and accelerated  programmed  cell  death are likely  involved. The conventional 

wisdom  regarding  T-cell  proliferation  states  that the initial  proliferation  of  T-cells in response 

to  superantigens is followed by the  rapid  depletion  of  T-cell  subsets  bearing the specific 

repertoire through  accelerated  programmed  cell  death apoptosis (5). 
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The Immunopathogenesis of Staphylococcal  Toxic  Shock  Syndrome 

Recently,  T-lymphocyte  dynamics were studied in a  mouse  model of staphylococcal 

enterotoxin B  (SEB)-induced  shock (8,9). There was clear evidence  of  Vp-selective clonal 

expansion 24 - 48 hours  after  administration of  SEB (8.9). On  day clonally  expanded cells 

' became depleted through accelerated  programmed cell death (apoptosis)  resulting in anergy 

(8.9). McCormick et a1 (10)  demonstrated  that  this  expansion-deletion  sequence occurs 

predictably in vivo when  high  concentrations of a  superantigen are used.  However,  deletions 

also occur using low  dosages. .In fact, concentrations  which  were  insufficient to cause  T-cell 

blastogenesis in vivo  were still capable of depleting  specific Vp subsets of T-lymphocytes 

(10).  Using  sub-lethal  concentrations  of  a  superantigen,  Miethke  recently  demonstrated  that 4 

- 6 hours after in vivo  challenge  with  SEB, BALBk mice became  resistant to an otherwise 

lethal dose of SEB  plus  D-galactosamine  (11).  These  authors  demonstrated  that  PBMC 

harvested from such animals  during  this  time  lost  the  ability  to  release  lymphokines such as 

TNF and IL-2  (11).  They  hypothesized  that  endogenous corticosteroids released in response 

to the first wave lymphokines  induced  by  SEB  may  have  suppressed  T-cell  responsiveness. 

Though  this  might be an  adequate  explanation.  counter-regulatory  cytokines  likely  play  a  more 

important  role. For example, 10 nglml of IL10, a  regulatory  cytokine  produced by the Th2 

subset CD4 + helper  T-lymphocytes,  inhibited  synthesis of TNFa and  gamma interferon 

production by TSST-l-stimulated PBMC  by 68 and 86% respectively  (12).  The  relevance  of 

this endogenous control mechanism in vivo is uncertain,  however, since stimulation of  PBMC 

with  TSST-1  induces  only 72 pg/ml IL-l0 (12), a  concentration  well  below  that required to 

inhibit  cytokine  production.  Whether not IL-l0 contributes as an  autocrine paracrine 

endogenous  inhibitor of  PBMC synthesis of TNFa TNFp, Krauakauer et a1 point out that 

exogenous  administration of recombinant IL-l0 might be a  rational  treatment for superantigen- 

induced  disease (12). Recent  studies  showing  that IL-l0 protected  animals from lethal 

challenge supports this hypothesis  (13).  Interestingly,  IL-10  did  not  inhibit  T-lymphocyte 

blastogenesis  (12),  suggesting  that IL-l0 works  largely by inhibiting  transcriptional events. 

Though the previously  described  animal  models superantigen  injection  demonstrate 

lethality, what is the evidence  that S. toxins  such as TSST-1 or the enterotoxins cause 

an  illness  resembling  Staph TSS? The  animal  model  that  has  been  best  studied  in  this  regard  is 

the  rabbit  whiffle  ball  model.  Briefly, sterile plastic  chambers are implanted  beneath  the  skin 

of rabbits and  allowed to mature  over  the  course of - 4 weeks. Strains of S. aumu are then 

inoculated  into  these  chambers  and  physiologic  measurements  of  blood chemistries, blood 

pressure, pulse,  temperature and mortality are recorded.  Scott  and  co-workers  (14)  and 

Rasheed et a1 (15)  using this model,  and  Azevedo et a1 (16)  using  an  implanted uterine 



SUPERANTIGENS:  THEIR ROLE IN INFECTIOUS DISEASES 

diffusion chamber model, demonstrated  that  strains  producing  TSST-1  were  more  likely to 

induce  a  toxic  shock-like  syndrome  than  strains  which  did not produce  TSST-1.  Recently,  it 

was shown that strains S. amus which  produced  altered  TSST-1  toxins  lacking  the  ability 

to  induce  mitogenicity  were  non-toxic  in  the  rabbit  whiffle  ball  chamber  model  (17),  though 

the  reason for the  loss of  mitogenicity  was  unexplained.  Subsequently,  using  both  genetically 

altered SEC mutants  and  peptide  fragments of SEC to stimulate  lymphocyte proliferation in 

vitro, it  was  determined  that  toxin  binding  to  the  alpha  helix of the  MHC Class 11 portion of 

the  antigen  presenting  cell was critically  important  in  the  induction of lymphocyte 

blastogenesis  (18). 

The role TSST-1  in  inducing  a  TSS-like  illness  is  also  supported  by the 

demonstration  that  a  neutralizing  monoclonal  antibody  prevented  illness  in rabbits challenged 

with  a TSST-l producing strain of S. (19).  Parsonnet et a1 (20)  has also developed  a 

slow  infusion  model  which  allows  the  investigation of purified,  recombinant,  and  genetically 

altered  toxins. 

The  Immunopathogenesis of Streptococcal  Toxic  Shock  Syndrome  (Strep  TSS). 

It has  been  suggested  that Strep TSS could, like  Staph  TSS,  be  related to the  ability 

certain streptococcal factors to  act as "superantigens"  (21). There is  data  to  suggest  that 

SPEA, SPEB, SPEC, MF, SSA  and M-protein can stimulate  T  cell  responses  through  their 

ability  to  bind to both  the  Class I1 MHC  complex  of antigen  presenting cells and the Vp region 

of the  T cell receptor  (21) and production of cytokines  capable of mediating  shock  and  tissue 

injury. Recently,  Hackett  and  Stevens  demonstrated  that  SPEA  induced  both TNFa and 

TNFp from mixed cultures of  monocytes  and  lymphocytes  (22).  supporting  the role of these 

lymphocyte  derived  cytokines  in  shock  associated  with strains producing  SPEA.  Dale et al 

demonstrated  that  purified  polypeptide  fragments of pepsin  extracted  M  proteins  induced 

blastogenic  responses in human  lymphocytes  but  not  laboratory  animals.  Kotb  subsequently 

(24) has shown that a digest of M-protein  type 5 (pep  M5) can also  stimulate  T  cell  responses 

by this superantigen mechanism.  Induction  of  cytokines  by  monocytes  was  dependent  upon 

the  presence of T-lymphocytes  (24).  Interestingly,  the  requirement for intact  T-cells  could be 

overcome by the addition of exogenous interferon gamma  (24).  Pep M5 also  stimulated  mixed 

cultures of monocytes  and  lymphocytes  to  produce  the  lymphokines, interferon gamma  and 

TNFP, though TNFp production was greatly  enhanced  by  the  addition  of  exogenous  gamma 

interferon (24).  These in vitro results  suggest  that  superantigens  could  play  a role in the 

pathogenesis of Strep TSS.  Proof  would  require  demonstration of  massive expansion of T- 

cell  subsets  bearing Vp repertoires  specific for the  putative  superantigen@).  Recently, 
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quantitation of such T-cell  subsets in patients  with  acute  Strep  TSS  demonstrated deletion 

rather than expansion, suggesting  that  perhaps  the  life-span of the  expanded  subset  was 

shortened by a process of  apoptosis (25). In  addition,  the  subsets  deleted  were  not specific for 

SPEA, SPEB, SPEC, or MF suggesting  that  perhaps  an as yet  undefined  superantigen  may 

play  a role (25)]. 

Cytokine  production by less  exotic  mechanisms  may  also contribute to the  genesis of 

shock  and organ failure in Staph  TSS  and Strep TSS.  Peptidoglycan,  lipoteichoic  acid (26) 

and killed streptococci (27,28) are capable of  inducing TNFa production  by  mononuclear  cells 

in vitro (4,28,29). Exotoxins  such  as  streptolysin 0 (SLO) are also  potent  inducers of TNFa 

and  IL-1 SPEB, a  proteinase precursor, has  the  ability to cleave  pre-IL-1 to release 

preformed IL- lp (30). Finally, SLO  and  SPEA  together  have  additive effects in the  induction 

of IL-lp by human  mononuclear cells (22). Whatever the mechanisms,  induction  of  cytokines 

in vivo  is  likely  the  cause of shock,  and  many  fluid  phase  streptococcal  virulence factors as 

well  as  cell  wall  components are potent  inducers of TNF and IL-1. Thus, the  specific 

virulence factors that induce  cytokine  production in patients may be complex, particularly 

among the 60% of Strep TSS  patients  who are bacteremic  (31). Here the  systemic  immune 

system  would  be  exposed to a  barrage of streptococcal  virulence  factors all of  which are 

capable of cytokine induction  through  a  variety of cellular  mechanisms. 

Summary 

The interaction  between  microbial  virulence factors and  an  immune or non-immune 

host  determines  the  epidemiology,  clinical  syndrome  and  outcome of infection,  Since 

horizontal  transmission of group A  streptococcus  is  well  documented,  the  only  explanation for 

the  absence of a  high  attack rate of  invasive  infection  is  the  presence  of  significant  herd 

immunity  against  one or more of the virulence  factors  responsible for Strep TSS (32). This 

model  explains  why (1) epidemics  have  not  occurred  and (2) why a  particular strain of group 

A  streptococcus can cause  different  clinical  manifestations  in  the  same  community 

Similarly, the presence or absence of neutralizing  antibody  against  TSST-1 may determine 

which  individuals  may  develop  Staph  TSS.  Alternatively,  there  may  be certain individuals in 

communities  that  have  a  predisposition to a  violent  reaction to staphylococcal or streptococcal 

virulence factors such as superantigens. It would  be expected  that  these  individuals  might 

have  populations  of  T-lymphocytes  that harbor particular Vp regions of the T-cell receptor. 

Finally, though the superantigen  mechanism  is an attractive  explanation for the  fulminant  onset 

of shock  and organ failure, demonstration of this  process  in  humans  awaits  a  definitive study. 
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ABSTRACT 

Superantigens  comprise a large group of viral and bacterial proteins that stimulate T lymphocyte 
proliferation without regard for the antigenic specificity of the T cells but dependent on the 
composition of the variable part of the p chain of the T cell receptor. Superantigens induce T cell 
proliferation dependent on class I1 MHC molecules on antigen presenting cells but do not require 
processing. Major subfamilies of superantigens include the viral superantigens, the bacterial 
pyrogenic toxin superantigens, and other bacterial superantigens. Two major approaches have 
been taken to identify superantigen association with human diseases: a) assessing Vp T cell 
receptor skewing in peripheral blood or tissues of patients with illnesses, b) recognition of toxic 
shock  syndrome and related illnesses which are likely to be caused by superantigens. 

INTRODUCTION 

Superantigens comprise a large family of microbial products that stimulate massive T 

lymphocyte proliferation in an unusual way (1). A list of T cell superantigens is presented in 

TABLE I. 

The large group of superantigens can be divided into subfamilies that include viral and 

bacterial superantigens. The bacterial superantigens may be again further subdivided into 

pyrogenic toxin superantigens and those that are not pyrogenic toxins (2-8). 

Pyrogenic toxin superantigens (PTSAgs) are the most well known group of superantigens, 

including staphylococcal toxic.shock syndrome toxin-l (TSST-1) and enterotoxins and group A 

streptococcal pyrogenic exotoxins (SPES, scarlet fever toxins). The PTSAgs are distinguished 

from other superantigens in that PTSAgs have numerous biological properties (2) in addition to 

superantigenicity (TABLE 11). There is no evidence other superantigens have these other 



TABLE I 

Microbial  Superantigens 

I. Viral 

A. Murine mammary  tumor  virus 

B. Rabies  virus 

C. Epstein  Barr  virus 

D. HIV 

11. Bacterial 

A. Pyrogenic  toxin  superantigens 
1. Staphylococcal  toxic  shock  syndrome toxin-l 
2. Staphylococcal  enterotoxins  serotypes A-H but not F 
3. Group  A  streptococcal  pyrogenic  exotoxins  serotypes A-C 
4. Group streptococcal  superantigen 
5. Group  A  streptococcal  pyrogenic  exotoxin F (mitogenic  factor) 

B.  Staphylococcal  exfoliative  toxins  A and B 

C. Mycoplasma arthritidis mitogen 

D. Yersinia  enterocolitica superantigen 

E. Yersinia  pseudotuberculosis mitogen 

TABLE I1 

Biological  activities of pyrogenic  toxin  superantigens 

1, Superantigenicity - cytokine  release 

2. Pyrogenicity 

Enhancement of: 

a.  endotoxin  shock 

b. type I hypersensitivity 

c. cardiotoxicity 

4. Lethality  in  miniosmotic"  pumps 

5. Ability  to  bind  endothelial  cells 

6 .  Reactivation of arthritis  in  rats 

7. Ability  to  bind  to  endotoxin 

8. Host cell  lethality in the  presence of endotoxin 

9. Emesis - enterotoxins  only 

* Miniosmotic  pumps,  containing  pyrogenic toxin superantigens, are implanted  subcutaneously in rabbits. 
The pumps  release  constant  amounts of toxin  over a 7 day  time  period,  thus  continuously  exposing  the 
animals toxin. Rabbits typically  succumb 1OOpg of toxin  administered by this  route in two  major 
groups, one on day I to 2, and a second  on  day 4 to 5.  



SEARCHING  FOR  SUPERANTIGENS 285 

properties. Furthermore, PTSAgs have all been associated with causation of life threatening toxic 

shock syndromes  (TSS), whereas other superantigens have  not (2). 

T  cell  superantigens  stimulate the immune system differently than typical antigens, which 

stimulate only approximately T cells, and true nonspecific mitogens such as 

concanavalin A which stimulate all T  cells to proliferate. The defining properties of superantigens 

are shown in TABLE 111. 

Superantigens require interaction with the class I1 MHC molecules on antigen presenting cells 

(APCs)  for maximal T cell proliferation, but processing by APCs is  not necessary (1). 

Superantigens  appear to be able to interact with nearly  any class I1 MHC molecule, but some 

interaction preference is seen, in particular, interaction with HLA DR molecules is preferred. 

Superantigens interact with the T cell receptor outside of the typical antigenic peptide groove 

and dependent on the composition of the chain of the variable region of the T cell receptor 

complex (Vp TCR).  Thus, for example, TSST-1 stimulates Vp2 containing T  cells proliferate 

in TSS patients such that 60-70% ofthe patients’ peripheral blood T  cells  are v p 2  (9). 

SEARCHING FOR SUPERANTIGENS 

Two major approaches have been taken to search for superantigen causation of human 

diseases.  These  are discussed below. 

First, the dramatic Vp T cell skewing induced by superantigens has been used in attempt to 

identify causative factors in numerous human diseases. partial listing of human diseases that 

are/may be induced reactivated by superantigens is shown in TABLE W. 

Examples of the use of this approach are the association of Kawasaki syndrome and guttate 

psoriasis with superantigens. Recent studies have shown that patients with Kawasaki syndrome 

have significant Vp2 TCR and a lesser extent Vi38 TCR skewing in peripheral blood and 

tissues, suggesting superantigen involvement (IO). Subsequent studies have suggested bacterial 

toxins such as TSST-1, SPE type C, and exfoliative toxins, all of which cause characteristic 

signature Vp2 TCR skewing, may contribute to the illness ( 1  1). It is important to  note that these 

studies are controversial in that other studies have failed to show either Vp TCR skewing in 

Kawasaki syndrome association with bacterial toxins (12, This remains an active area of 

research. 

Two studies have shown significant Vp TCR skewing in association with guttate psoriasis 

15). These patients typically are infected with group A streptococci one to two weeks prior to 

onset of symptoms. Examination of group A streptococci from guttate psoriasis patients 

demonstrates their production of superantigens capable of causing the Vp TCR skewing seen, 

thus leading to the hypothesis the toxins contribute to the illness. 
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TABLE 

Mechanisms of T cell stimulation by superantigens 

1. Superantigens do not  require  processing by antigen  presenting  cells. 

2. For optimal T cell  stimulation,  superantigens  interact with  both class I1 
MHC  molecules on  presenting cells and  the T cell receptor. 

3. Superantigens  stimulate T cell  proliferation  independent of antigen 
specificity but  dependent  on  the  composition of the  variable  region of the p 
chain of the T cell  receptor. . 

TABLE IV 

Known  and  possible  disease  association  with  superantigens 

I. Acute  diseases 

A.  Staphylococcal  toxic  shock  syndrome 

B. Streptococcal  toxic  shock  syndrome 

C. Scarlet  fever 

D. Staphylococcal  scalded  skin  syndrome 

E. Kawasaki  syndrome 

F, Fevers of  unknown  origin 

11. Chronic  diseases 

A. Arthritis 

B. Atopic  dermatitis 

C. Guttate  psoriasis 

D. Rheumatic  fever 

E. Multiple  sclerosis 
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The use of Vp TCR skewing to identify potential causative superantigens may be difficult 

because of variability in degree of skewing seen. It is clearly established that staphylococcal TSS 

is caused by TSST-1 and enterotoxins. It is also likely that superantigen contribute significantly to 

streptococcal TSS. It is important to note, however, that despite the massive T cell proliferation 

that  may be induced by causative superantigens, the time frame of examining patients for 

TCR skewing is very important. Dependent on the time evaluated, significant Vp TCR 

amplification, normal numbers of T cell subpopulations, or Vp TCR depletion may be seen. an 

example, in a recent article, significant Vp TCR depletion was seen in patients with serious 

streptococcal disease  as opposed to T cell proliferation and Vp TCR skewing (16). 

Possibly the most definitive method for association of superantigens with illnesses is  to 

evaluate TSS and scarlet fever-like illnesses for causative toxins. The toxins identified to date 

belong to the large family of PTSAgs and thus are characterized by their shared physicochemical 

and biological properties. 

The following methods are being used in our laboratory in attempt to identify PTSAgs that 

may cause TSS illnesses in patients who are not infected with either aureus or group  A 

streptococci. We have received more than 30 group B, 30 group G, and group  C streptococcal 

isolates from TSS patients (groups B isolates were not from neonatal sepsis patients). In addition, 

two each of group F streptococcus, enterococci, and Streptococcus pneumoniae and a large 

number of a hemolytic streptococci and coagulase negative staphylococci have been submitted. 

Finally, i t  is well known the Bacillus cereus strains have the ability to cause food poisoning nearly 

indistinguishable from staphylococcal food poisoning and may make PTSAgs related to 

staphylococcal enterotoxins. TABLE V provides a listing of bacteria, other than Staphylococcus 

wrtws and group A streptococci, that are most promising sources of superantigens. 

PTSAgs are all secreted proteins with molecular weights of 20-30,000 and are resistant to 

denaturation by ethanol (12). Partial purification the toxins from culture fluids is easily 

achieved by precipitation with 75% (final concentration) ethanol. Resolubilized material is then 

tested for ability to stimulate lymphocyte proliferation induce fever (18). and enhance 

susceptibility to lethal endotoxin shock (19). 

Positive culture material from the above quick screens are then subjected to preparative thin 

layer isoelectric focusing and fractions tested for lymphocyte proliferative activity. In our 

laboratory, we use rabbit splenocytes as the cells for screening fractions, since rabbits are useful 

models for the study of TSS illnesses. By these methods, we  have shown that group B, C ,  F, G and 

some a hemolytic streptococci make possible superantigens that may contribute to patients’ 

illnesses. 
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TABLE V 

Other  bacteria  that  are  likely  to  make  superantigens 

A. Coagulase  negative  staphylococci 

B. p hemolytic  streptococci 

1. Group B 

2. Group  C 

3. Group F 

4. Group  G 

C. a hemolytic.streptococci  (including S. pneumoniae) 

D. Enterococci 

E. Bacillus cereus 

It is interesting  to  note  that  the  majority of bacterial  superantigens  are  obtained  from  Gram 

positive  bacteria. It is possible  that  the  Gram  positive  association  resides  in  the 100,000 to  million 

fold  enhancement of endotoxin  shock  associated with  PTSAgs. It  is  likely  that  production of 

PTSAgs  by  Gram  negative  organisms,  which  contain  endotoxin,  would  likely  yield  such  highly 

lethal  pathogens,  the  organisms would  be evolutionarily  selected  against. 

By the  rapid  screening  methods  outlined  above,  suggestive  evidence  of  superantigen 

production by organisms is obtained.  However,  final  proof  of  superantigen  production  depends 

on: a) establishing  the  proteins  cause  proliferation of T  cells  dependent  on Vp TCR,  and  b) 

showing  the  T cell proliferation  induced  is not antigen  specific. 

Two major  methods have  been  used  to  establish Vp TCR  dependent  proliferation. This is 

accomplished by either use  of  flow  cytometry  after  staining  stimulated T cells with antibodies 

specific for individual (19). by a  semiquantitative PCR specific  for  the Vps (16). Both 

methods  have  been  used  to  reliably  demonstrate TCR  skewing. 

Once  the V@ TCR  dependent  proliferation is established,  it is important to show the 

proliferating  T cells are  polyclonal  rather than  high  level  stimulation of a  single  antigen  specific  T 

cell clone. This is accomplished by two  methods: a) sequencing  the V, D, J junction  fragments of 

the p chain of the  TCR to show  variability  and  thus  polyclonality,  b)  stimulation  of  T cell clones 

that are known to  be  specific  for  other  antigens (20). 

a  final  comment:  after  characterization of superantigens  made by organisms,  their  role in 

diseases  still  remains to  be  established.  With  the  exception  of  certain  PTSAgs  and  exfoliative 
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toxins associated with TSS-like illnesses and scalded skin syndrome, respectively, definitive 

establishment of superantigen causation of human illnesses has been difficult. Major studies 

continue in these areas. 
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