


forensic material. One of the most recent techno- 
logies to be added to the array of test forthe patho- 
logist during the lastdecade came with thediscovery 
of the Polymerase Chain Reaction (PCR) in 1985. 
It was recognized and adopted by molecular biolo- 
gist, microbiologists, paleontologistsand physicians 
throughout the world as being one of the most 
ingenious tools for making exact copies of native 
DNA. 

The determination of whether a patient harbors 
a certain infectious disease has historically been 
determinated by the isolation of aspecific organism, 
bacterium, virus or a parasitefrom the human host. 
It is an essential premise of infectious disease that 
isolation of the organism o ra  specific antibody to 
the organism is suitable for the laboratory diagno- 
sis of a particular infection. Bacteria are isolated 
onto agar growth media and viruses onto suitable 
cell cultures. The isolation and growth of bacteria 
causing infectious in human, animal and plants 
has been the gold standard and accepted 
methodology since the time of Pasteur in the late 
19th century. Although bacterial isolation will 
continue to be conducted for several decades, 
new molecular tools like PCR will eclipse this 
laboratory procedure during the next several 
decades. 

PCR will be briefly described in order to provide 
a suitable understanding of how molecular diagno- 
sis has proven to be useful in the diagnosis of 
sexually transmitted diseases. The polymerase 
chain reaction is comprised of three separate 
processes: denaturation, annealing and amplifi- 
cation. These three events representa single PCR 
cycle and each is conducted at different tempera- 
tules5 

The key biochemical component of the PCR are 
taqpolymerase, athermostable DNAenzymewhich 
can extend a short DNA template that anneals to 
native DNA. This short DNA template is called a 
primer and its specificity is determinated by the 
infectious organism of interest. Since each bacte- 
ria, virus or other DNA has a specific sequence of 
nucleotide bases (adenine, guanine, cytosine and 
thymidine) it is the sequence of the bases which 
determines the genetic character of the organism. 
Magnesium, buffer and the nucleotide bases are 
essential ingredients of the PCR reaction mixture 
where the organism will then be added. Heating of 

these components in the presence of native DNA 
toa temperature of 93-96C results in the denatura- 
tion of native DNA (either bacterial orviral). Cooling 
this mixture to 55-606 permits the short DNA 
primers that are cornplimentaty in sequence to the 
two native DNA strands to anneaL5 

In the presence of taq polymerase, these primers 
are then extended at the rate of 150-200 bases per 
second whereupon reheating of the DNA causes the 
newly synthesized strands to disassociate. Cooling 
to 55C then permits another round of annealing and 
amplification. At the completion of thirty of these PCR 
cycles, millions of copies of bacterial DNA are 
produced for subsequent dete~tion.~ 

Material and methods 

PCR was used to study a group of male and 
femalepatientsvisiting the Allegheny County Health 
Depattment in Pittsburgh, Pennsylvania and com- 
pare the results of an Enzyme-linked immuno- 
sorbent assay (ELISA) for chlamydia dete~tion.l-~ 
In the evaluation of women, 328 patients provided 
endocervical specimens for both ELlSA and PCR 
tests by randomly collected paired samples. Urethral 
swabs were obtained from 256 of these women in 
an effort to assess whether any of these women 
were infected with urogenital infections not being 
routinely tested by cervical specimens.l 

To evaluate the PCR amplification of N. 
gonorrhoeae in women a separate group of 199 
endocervical specimens were t e ~ t e d . ~  Endocer- 
vical specimens were collected by nurses and 
physicians using routine standards of care where 
swabs of the endoce~ix were streaked across 
JEMBEC agar plates, incubated and then 
transported to the Allegheny County Public Health 
Laboratory by courier. The swabsfor PCR analysis 
were refrigerated and sent to the testing lab where 
they were frozen and batched for subsequent 
processing and testing. 

The 474 young men participating in this study 
provided urethral specimens and of this group 362 
of these patients also supplied a urine specimen 
for chlamydia PCR te~t ing .~  Routine swabs for 
ELlSA testing were randomly collected with the 
PCR swabs from these patients in order to prevent 
a depletion of the available material for analysis. 
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Clearly, the most significant observation from 
these tree studies was provided by the low 
N.gonorrhoeae culture sensitivity in women. An 
evaluation of the clinical operations in use to 
collect, process and store these culture specimens 
was then conducted in order to determine exactly 
why PCR testing found almost four times more 
infections versus the gold standard. The following 
problems were identified and documented on 
numerous, separate days in the clinics providing 
outpatient care to these women: 

1. Endocervical specimens obtained by swabs 
showed these swabs were physically present 
in the c e ~ i x  for only 2-3 seconds. Certains 
public health authorities (New York) mandate 
10 seconds as a minimum time for the swab 
to remain in the endocervix in order for an 
adequate number of bacteria lo be obtained 
for culture. 

2. The manufacter's recommendation for 
JEMBEC agar plates used initially isolating and 
culturing Ngonorrhoeae mandate the plates 
bewamed to room temperature priortoapplying 
specimens to the plate surface for isolation. 
This was not being performed by clinicians. 

3. The carbon dioxide pellet the accornpanies 
JEMBEC plates provides an environment of 
5% carbon dioxide atmosphere to the 
organisrn during its initial growth. These pellets 
were found no to be added to the plate 
correctly in the clinics and were occasionally 
not added at all. 

4. lncubation of JEMBEC plates at 35-36C 
immediately upon inoculation is mandated by 
the manufacturer's instructions. These plates 
wereobserved to beon lab and cliniccounters 
for hours prior to incubation. 

5. lncubators were found to vary from a ternpe- 
rature of 30-33C. 

6. JEMBEC plates must be held overnight at 35- 
36C prior to transport to the lab and it was 
documented these agar plates were routinely 
taken by the courier prior to any incubation. 
These plates were found to occasionally 
rernain in the transport van al1 day at various 
ambient temperatures (20-25C) before they 
reached the public health laboratory. 

The significantly low culture sensitivity for N. 
gonorrhoeae suggests that the numerous and 
consistent failure to follow standard operating 
procedures by the manufacturer of these agar 
plates was responsible for not diagnosing 
gonorrhea in many patients. The lackof any quality 
control program to monitor the clinical procedures 
necessary for rnaintaining a reliable standard of 
care represents a failure in operations disclosed by 
PCR diagnosis. 

The presence of gonorrhea infections have 
been shown to enhance the transmission of the 
Human lmmunodeficiency Virus by 3-5 f0ld.7.~ 
These gonorrhea infections in men and women 
occur since inflammation of the tissues lining the 
male urethra and fernale urethra and cervix result 
in increased lymphoid cell traffic to the site of 
bacterial infection and this results in increased 
concentration of susceptible T4 cells and 
macrophages as cites for HIV infection. 

This work along with nurnerous other studies 
document that significantly more sensitive diagno- 
sis tools are currently available to the molecular 
epidemiologist to provide a truer estimate and 
records of the infectious diseases of a population 
1 - 4 1 °  it is now estimated that 20 million people are 
currently infected by HIV throughout the world. 
Enlightened and aggressive rneasures must be 
taken to limit and prevent the transmission of HIV 
in susceptible populations of men, wornen and 
infants in the developing countries of the world if 
controlof H I V i s t o o ~ c u r . 7 ~ ~ ~ ~ ~ ~ ~ ~ T h e  useof molecular 
diagnostics represents one of the best methods of 
diagnosis both chlamydiaand gonorrhea infections 
for public health authorities to use treatment of 
these bacterial infections are available today, 
bacterial infections from enhancing HIV trans- 
mission should be pursued as a national strategy 
to control HIV in Mexico and South Arnerica. 
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