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Restriction fragment length polymorphism
(RFLP) typing of Mycobacterium tuberculosis is
a recently developed technique which allows
strains of tuberculosis to be differentiated with
a high degree of confidence. The application
of this technique has enabled the patterns of
transmission of tuberculosis to be elucidated
with far greater certainty than was previously
possible.

This review will discuss traditional methods
of tracing the spread of tuberculosis, explain
the technical principles behind RFLP typing,
report on the literature validating its ability to
differentiate strains of M tuberculosis, and
describe studies which have used RFLP typing
to increase understanding oftuberculosis trans-
mission. Current limitations, future potentials,
and implications for clinical and public health
practice will be discussed.
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Traditional methods of tracing the
spread of tuberculosis
The most basic method of tracing the spread
of tuberculosis is follow up of contacts to see

if they develop tuberculosis. Even if disease
develops fairly soon after contact with tuber-
culosis, it is not possible to be certain whether
infection was acquired from the suspected
source.

Tuberculin sensitivity provides an indication
of an individual's exposure to mycobacterial
antigens in the past. The test cannot distinguish
between exposure to tuberculosis from differ-
ent sources. Tuberculin positivity can also be
induced by exposure to environmental myco-
bacteria and by previous BCG vaccination.
If conversion from a negative to a positive test
can be documented, then recent infection is
likely and it is possible to be more confident
about the source of infection.
The limitations of traditional methods for

following transmission of tuberculosis have led
to efforts being made to find techniques which
provide good strain differentiation allowing
chains of transmission ofM tuberculosis to be
documented.

Mycobacterial strain differentiation
Differentiation of mycobacteria to the species
level has been possible for many years using
classical microbiological techniques to evaluate
phenotypic and biochemical characteristics.

Methods of strain differentiation within a spe-
cies which have most often been used are testing
of antibiotic sensitivity patterns and bacterio-
phage typing. Comparing antibiotic sensi-
tivity patterns of isolates may prove useful in
tracing spread of an unusual pattern of re-
sistance. The technique is limited by the rel-
atively low number of different sensitivity
patterns possible and by the fact that myco-
bacterial strains may change their pattern of
resistance when exposed to antituberculous
drugs.' Bacteriophage typing is hampered by
the low number of bacteriophage types iden-
tified.2 Plasmid profiling has not proved pos-
sible in M tuberculosis because of the low
number or absence of plasmids.3 Serotyping
cannot differentiate between infection with dis-
tinct strains of the M tuberculosis complex.4
Other techniques for typing mycobacteria have
included electrophoresis of cell proteins5 and
biochemical heterogeneity.6 These techniques
suffer from problems ofreproducibility and low
numbers of different types.

Principles of RFLP typing
RFLP typing is a technique which enables
distinct "fingerprints" to be made which reflect
the genetic constitution of the organism being
typed. The success of RFLP typing depends
on: (1) the existence of multiple copies of
identical sections ofDNA (insertion sequences)
within the chromosome; (2) an enzyme which
will recognise a sequence of base pairs that is
unique to the insertion sequence and which
will cut the DNA at that point (a restriction
endonuclease); and (3) a labelled segment of
DNA which is complementary to (and will
hybridise to) part of the insertion sequence (a
probe).
A standardised method for RFLP typing is

now well accepted.7 In this method the in-
sertion sequence (IS6110) is a 1355 base pair
segment of DNA. IS6110 differs from two
other described insertion sequences, IS986 and
IS987, by only a few base pairs and in practice
they can be considered to be identical. The
restriction endonuclease (PvuII) cleaves at base
pair 461 of IS6110. The probe recognises a
section of insertion sequence to the right of the
base pairs cleaved by PvuII.
RFLP typing by the standard technique in-

volves harvesting of mycobacteria from a cul-
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Figure 1 Diagrammatic representation ofRFLP typing ofM tuberculosis. DNA is
extracted from culturedM tuberculosis cells and digested using a restriction endonuclease
(e.g. PvuII) which cleaves at a specific base pair sequence in the insertion sequence (e.g.
IS6110). The resulting fragments are run on an electrophoresis gel, denatured into single-
stranded DNA, and blotted onto a nylon membrane where they are hybridised to a
labelled DNA probe. The labelling allows the position of the fragments to be determined.
The resulting pattern depends on the number of and distance between insertion sequences.

ture, extracting the chromosomal DNA,
digesting the DNA with PvuII, and separating
the resulting fragments using electrophoresis.
The position of fragments of DNA on the
gel used for electrophoresis depends on the
molecular weight of the fragments. (Different
molecular weight fragments arise because of
the varying distances between insertion se-

quences.) These fragments of DNA are de-
natured into single-stranded DNA whilst still
in situ on the electrophoresis gel. The fragments
of single-stranded DNA are blotted onto a

nylon membrane and the labelled single-stran-
ded probe DNA added. This probe hybridises
to specific sections of IS6 110 allowing the po-
sition of the fragments to be determined. Thus,
a banding pattern is obtained which reflects the
number of copies of IS6 1 0 and their position
within the chromosome. Each copy of IS6110
should produce a separate band (figs 1 and 2).
The diversity ofbanding patterns arises from

occasional mutations causing transposition or

replication of insertion sequences resulting in
strains with different patterns. The natural rate
of these transpositions is low.8-1' The great

Figure 2 Photograph ofRFLP banding patterns of
isolates ofM tuberculosis. Lanes a, e, i, and m are
reference DNA. Lanes k, 1, and n have indistinguishable
banding patterns and are epidemiologically linked. Lanes b
and c have indistinguishable patterns but no
epidemiological link was established. Reproduced with
permission of Dr N Saunders, Virus Reference Division,
Central Public Health Laboratories, Colindale, London.

diversity of fingerprints is likely to be a re-
flection of gradual genetic drift over centuries.
If the insertion sequences were more readily
transposed over short periods of time, then the
usefulness of this technique would be di-
minished because, whilst passing through a
chain of transmission, fingerprint patterns
might change. Patterns of IS6110 have been
found to be stable and to remain unchanged
during passage through guinea pigs8 and
humans,9 even when drug resistance patterns
have changed.'011 In one of these studies the
fingerprint of one of the strains studied gained
one extra band.9 Epidemiologically related
cases of tuberculosis have been found to have
identical banding patterns (or occasionally to
differ by one band), whilst unrelated strains
have been found to have diverse patterns.12 14

It has been shown that RFLP typing, using
the IS6110 insertion sequence, can accurately
identify strains which are epidemiologically re-
lated. The discriminatory power (the ability to
distinguish between unrelated strains) of the
technique is also of relevance. It is determined
by the number of types which can be defined
and the relative frequencies of these types.'5
Studies typing large numbers of isolates from
different parts of the world have found great
diversity of the patterns of strains in
populations'21622 and have not demonstrated
any frequently encountered strains which were
not associated with an outbreak. One study of
strains in Tunisia2" commented on the fact that
in one district there was much less hetero-
geneity of fingerprints than in other areas. This
lack of heterogeneity in the district was based
on only 17 out of 28 samples which shared
four strain types. Such findings are consistent
with the occurrence of several small un-
identified outbreaks in the district.

Difficulties have been encountered in typing
Asian isolates ofM tuberculosis because many
strains from Vietnam24 and the Indian sub-
continent have only one or a few copies of
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Figure 3 A dendogram representing the degree of
similarity between a group of isolates. The scale represents
similarity coefficients. Vertical lines mark the similarity
coefficients between isolates. Isolates 2 and 3 were found to
have identical banding patterns and isolates S and 6
differed by one band.

IS6110 (a few isolates of M tuberculosis have
been reported which have no copy25). Copies
of IS6110 appear to insert preferentially in a

region of the chromosome which is rich in
small segments of DNA which are multiply
repeated with only a small amount of DNA
between copies (direct repeats).26 Because of
this the degree of polymorphism which can be
obtained when there are only a few copies of
IS6110 is small. This has meant that RFLP
typing using IS6 110 alone has been unable to
distinguish between some strains which have
only one or two copies of IS6 110.25 Additional
typing using different insertion sequences, such
as the 36-base pair direct repeat (DR) or the
polymorphic GC-rich repetitive sequence
(PGCRS), has been found to further differ-

25entiate some of these strains.

Comparison of RFLP banding patterns
The consistency of electrophoresis gels may
vary both within and between blocks of gel so

that fragments ofDNA of the same molecular
weight may travel different distances. Internal
markers are used which have fragments of
known molecular weight against which the
movement of the mycobacterial fragments can
be standardised. This allows comparison of
large numbers of isolates.
Computer software has been used to analyse

banding patterns because visual comparison of
isolates is difficult when the number of isolates
is large. Patterns are standardised with ref-
erence to the markers and similarity coefficients
between isolates are produced (a similarity co-

efficient of 1 0 theoretically indicates identical
patterns). Dendograms can be constructed
which graphically represent the similarity co-

efficients between isolates, allowing them to be
clustered into groups of similar patterns (fig
3).2° Visual inspection can then be used to
decide which isolates amongst these groups are
identical or differ by only one or two bands.
In this way, large numbers of RFLP banding
patterns can be compared and identical isolates
identified. The degree of similarity between
isolates can also be calculated.2728

Applications of RFLP typing ofM
tuberculosis
Tracing identical strain types with RFLP typing
has been used to demonstrate transmission of
tuberculosis in hospital outbreaks,29 35HIV care
institutions,3637 shelters for the homeless,3839
prisons404' and in whole communities.'7-'9 The
technique has also been used to disprove sus-
pected transmission.42

In population studies the number of isolates
which are involved in clusters and the overall
degree of similarity between strains has been
used to infer the extent of, and risk factors for,
active transmission of tuberculosis.'7 18
Comparison of the degree of similarity be-

tween strains from different geographical areas
has been suggested as a method to elucidate
the global epidemiology of tuberculosis.'2 16
The technique has also been used to answer

questions about the relative importance of re-
infection and relapse of disease,43-45 and to
identify incidents of laboratory cross con-
tamination.46

INSTITUTIONAL OUTBREAKS OF TUBERCULOSIS
Hospitals
Studies in American hospitals using RFLP typ-
ing have highlighted the potential for outbreaks
of multidrug-resistant tuberculosis with high
levels of mortality in HIV positive patients.2934
Probable transmission in an HIV unit in Britain
has also recently been documented using RFLP
typing.36 These studies have demonstrated that
risk factors for transmission in this setting in-
clude delayed diagnosis of the index case; de-
lays in recognising drug resistance; inadequate
isolation measures including poorly functioning
air extraction systems in isolation rooms; and
allowing infectious cases to be ambulatory on
a ward. Patients who have spent longer periods
on the same ward as infectious cases are more
likely to become part of an outbreak than
shorter stay patients. Other immunocom-
promised patients may also become involved
in hospital outbreaks. An outbreak of fully
sensitive tuberculosis amongst renal transplant
patients on a renal unit has been described
using RFLP typing.3 A suspected outbreak
involving one member of staff and four patients
treated at a renal unit in the UK was in-
vestigated using RFLP typing.42 The cases were
related both in time and space, but were shown
to have distinct RFLP types. This removed the
need for an extensive investigation into the
"outbreak".
Although most RFLP studies of nosocomial

transmission of tuberculosis highlight the par-
ticular vulnerability of immunocompromised
patients, immunocompetent contacts are also
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at risk. Tuberculin conversion rates in health
care workers have been used to estimate the
spread of infection (in America it is re-
commended that health care workers are reg-
ularly tuberculin tested as they are not routinely
immunised with BCG). Such studies have em-

phasised bronchoscopy, intubation, respiratory
support on a ventilator,4748 pentamadine aero-
solisation,49 sputum production techniques,49
late diagnosis,50 poor ventilation of rooms,48
draining abscesses,5' and necroscopic ex-
amination52 as risk factors for infection ofhealth
care workers. These findings have been con-

sidered in guidelines for prevention of noso-
comial spread of tuberculosis.53 RFLP typing
has been complemented by tuberculin skin
testing in several studies, allowing spread of
infection which has not led to active disease to
be documented. Some of these studies have
documented transmission of infection to
immunocompetent health care workers
during outbreaks of multidrug-resistant
tuberculosis" 313234 HIV positive and HIV neg-
ative workers associated with such outbreaks
have developed active tuberculosis.32

HIV housing centres
An outbreak of tuberculosis sensitive to all first
line antibiotics in a housing facility for HIV
positive people was investigated using RFLP
typing.37 The index case had respiratory symp-
toms for three weeks before diagnosis. Of 30
residents exposed, active tuberculosis de-
veloped in 11 (37%), all of whom had similar
RFLP types. This demonstrates that, given the
right conditions, a single case of tuberculosis
can rapidly lead to disease in many others.
Without the RFLP typing it could have been
argued that some of the cases were due to
reactivation of old infection or that there was

more than one primary case. Four residents
had newly positive tuberculin skin tests and,
out of 28 staff, at least six had positive tuber-
culin tests and one developed tuberculosis after
the study period.

Prisons
An outbreak of multidrug-resistant tuber-
culosis amongst HIV positive inmates of a

prison in New York and in a member of staff
(who had received treatment for cancer and
had a low CD4 count) has been reported.
Isolates were found to have identical RFLP
patterns, reinforcing the evidence that the cases
were directly related.40
RFLP typing of tuberculosis isolates from a

Californian prison revealed three distinct RFLP
patterns among eight prisoners. Those with
identical patterns were not present at the prison
at the same time. This could imply that they
were part of larger outbreaks which went un-

recognised, perhaps because of the frequent
movement of inmates between prisons.4

Shelters for the homeless
High rates of tuberculosis have been docu-
mented in several shelters for the homeless

in Ohio.38 In one of these, an outbreak was
confirmed with RFLP typing. Interestingly, two
of the tuberculosis cases who were not thought
to be associated with the home and were chosen
as controls were found to have the same pattern.
These two patients were from the same city
and had a history of alcohol abuse.
A survey of RFLP strains of tuberculosis

isolates from users ofhomeless shelters in Mel-
bournel' found 18 out of 19 to be identical.
This demonstrated that, in this situation, the
high rates oftuberculosis amongst the homeless
was largely due to active transmission rather
than reactivation of old infection.
A total of 227 isolates from newly diagnosed

cases of tuberculosis in Australia from the first
half of 1991 were also examined. Six of these
isolates were found to have the same strain as
the homeless men. This prompted an in-
vestigation to determine whether these people
had any links with homeless shelters. Epi-
demiological links to the homeless shelters were
found in all six (one had stayed in a shelter,
one was a kitchen worker in a shelter, two
alcoholic men and an elderly man lived near a
shelter, and a nurse worked in an emergency
room near a large shelter).

COMMUNITY STUDIES OF TUBERCULOSIS
TRANSMISSION
Typing of community isolates of tuberculosis
have demonstrated identical strains in next
door neighbours54 (where the index case was
non-compliant with treatment) and in family
outbreaks.55 RFLP typing has also been used
as a systematic tool to identify unexpected
clusters of cases of tuberculosis within defined
geographical areas. In many cases the links
would not have been identified with con-
ventional contact tracing.
An RFLP study of isolates from 18 non-

institutionalised HIV positive men found that
six patients had the same RFLP patterns. Three
bars were the only identifiable links between
these cases. Two men worked as bartenders
and one worked in a restaurant adjoining the
bar; the others frequently visited one or more
of the bars.56
A study of 163 patients in Berne'9 found 45

who were potentially linked on the basis of
RFLP studies. In the largest group 22 patients
were identified with identical RFLP patterns.
Within this group there were three subgroups:
one consisted ofhomeless persons, drug addicts
and alcoholics who were all frequent users of
Berne's public support services; the second
group centred round a restaurant where a wait-
ress and the owner as well as several regular
customers contracted tuberculosis (one regular
customer who had a bloodstained cough for
six months was a close contact of a member of
the cluster associated with homelessness, drug
abuse and alcoholism); the third subgroup con-
sisted of two patients who did not fit into the
other subgroups.
A survey of strains of tuberculosis in San

Francisco"8 revealed three clusters ofmore than
10 individuals. In the largest of these, 12 of
the 30 cases were already known to be as-

1214

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.50.11.1211 on 1 N

ovem
ber 1995. D

ow
nloaded from

 

http://thorax.bmj.com/


Restriction fragment length polymorphism typing of Mycobacterium tuberculosis

sociated with an HIV care institution. Specific
links could be identified in half ofthe remaining
cases. Links included naming another patient
as a contact and care on the same hospital ward
or clinic. The apparent index case was a 38
year old white man with AIDS who was not
compliant with antituberculous treatment and
remained sputum smear positive for around six
months.
The second largest cluster contained 23

patients who were primarily young men born
in the United States. Thirteen patients had
AIDS and eight were substance abusers. The
index case was a 28 year old white HIV-infected
transsexual man who was an intravenous drug
abuser and a prostitute.

In the third group, the index case was a 36
year old HIV seronegative black alcoholic man
who was a frequent user of homeless shelters,
detoxification centres, public clinics, and hos-
pitals. He was non-compliant with therapy and
had positive sputum smears for nine months.
Most of the other patients in this cluster were
also black, HIV seronegative alcoholics.
Community studies have used RFLP clus-

tering to estimate the extent of and risk factors
for transmission of tuberculosis. A New York
study'7 of tuberculosis patients at a major hos-
pital in the Bronx found that 37-5% of isolates
fell into 12 clusters with at least two isolates in
each. The San Francisco study'8 estimated that
around a third of cases in the city were due to
recent transmission (as inferred from RFLP
clustering). In both studies patients who were
older or foreign born were less likely to be in
clusters. This suggests that in these groups
disease is more likely to be due to reactivation
of disease than recent transmission (although
foreign born cases may have recently been
infected by a person living abroad whose isolate
is not available for typing). Both studies found
that independent risk factors for transmission
were being HIV positive, being young, and
being a member of a particular racial or ethnic
group. The ethnic groups identified were
different in the two studies. The New York
study also found that multidrug-resistant isol-
ates were more likely to be clustered and that
residence in an area where the average wage
was low was a risk factor for recent transmission
of tuberculosis.

POPULATION DIFFERENCES IN RFLP PATTERNS
OF M TUBERCULOSIS
RFLP diversity is thought to be due to near
random mutations involving transpositions,
replications, and deletions of insertion se-
quences. The degree of similarity between
RFLP patterns may act as a marker for evol-
utionary distance between isolates. This aspect
ofRFLP analysis has been addressed in studies
in which isolates from particular geographical
regions of the world have been found to have
many similarities with other isolates from those
areas, but not with strains from geographically
distinct areas. This phenomenon has been
noted when comparing Dutch strains with Af-
rican strains,'2 and comparing strains from
different regions ofJapan.'6 The degree of sim-

ilarity between African strains (from Rwanda,
the Central African Republic, and Burundi)
has been found to be greater than the degree
of similarity between Dutch strains.'2 This is
explained by the fact that, in countries where
tuberculosis is very prevalent, a higher pro-
portion oftuberculosis is due to recent infection
than to reactivation.

Other uses of RFLP typing ofM
tuberculosis
RFLP typing of sequential isolates from
patients with recurring tuberculosis has dem-
onstrated that in HIV positive patients this
recurrence is often not due to reactivation of
disease, but to reinfection with a new strain.4445
RFLP typing has been used to confirm sus-
picions of laboratory cross contamination.46
Two incidents of suspected cross con-
tamination involving six patients were con-
firmed by finding identical RFLP patterns.
Cross contamination occurred in samples
which were processed immediately after a heav-
ily positive acid fast bacilli smear. The false
positive cultures were positive only in BAC-
TEC bottles and yielded no growth on the
accompanying Lowenstein-Jensen slants. In-
formation was fed back to clinicians who were
able to stop or avoid inappropriate treatment.

Limitations of RFLP typing ofM
tuberculosis
Although studies in many different areas of the
world have demonstrated great heterogeneity
of RFLP types, such large scale studies have
not been conducted in England and Wales. It
is not known whether there are any common
community RFLP types in the UK. Until more
is known about the distribution of strains, in-
terpretation of findings needs to be cautious.
The following hypothetical example il-

lustrates how care is needed in interpreting
results. All isolates ofM tuberculosis received in
a hospital laboratory during a six month period
were typed using RFLP. Of 20 isolates two
(from patients A and B) were identical. Patients
A and B were HIV positive and had been on
the same ward when patient A was receiving
pentamidine nebulisers. One month later
patient A was diagnosed as having tuberculosis.
Patient B was diagnosed three weeks after this.
From this evidence it seems likely that patient
A infected patient B and that the pentamidine
nebuliser may have been instrumental in this
event. However, other scenarios could have
explained the banding patterns observed, for
example:

(1) Patient B was producing mycobacteria at
the time of the contact but had very few
symptoms so had not been diagnosed.
Patient A, who was severely immuno-
compromised, developed rapidly pro-
gressive disease soon after being infected
by patient B.

(2) Patient A infected C at a bar. Patient B
was a frequent customer at the bar and
contracted tuberculosis from C.
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(3) A hospital porter (D) was a heavy smoker
and was being investigated for a chronic
cough and weight loss at another hospital.
D had tuberculosis and infected patients
A and B.

(4) Samples from patients A and B were both
processed for RFLP typing on the same
day. Cross contamination occurred.

(5) Patients A and B both had a strain of
tuberculosis which was common in the
community. The apparent epidemio-
logical link was coincidental.

The example illustrates how RFLP typing
results need to be interpreted in the light of
clinical and epidemiological information, and
how interpretation can be made more reliable
by knowing the typing results of isolates from
a geographically defined area rather than from
just one hospital.

Because RFLP typing depends on culturing
M tuberculosis to provide enough DNA, it is a
slow process. Standard culture techniques may
take six weeks or longer. This may not be
important in most epidemiological studies but
limits its use as a clinical tool. RFLP typing
is a labour intensive process and is therefore
moderately expensive. The unit cost drops if
large numbers of isolates are typed.
RFLP typing can help to describe an out-

break oftuberculosis but cannot determine how
many people have developed latent infection. It
is generally accepted that around 5% ofinfected
immunocompetent people develop active dis-
ease in the two years following infection and a
further 5% develop disease in later life. Tuber-
culin testing remains the best way of tracking
latent infection.

Future developments
RFLP typing methods using DNA generated
by the polymerase chain reaction (PCR) are
being developed by several groups.57-62 This
technique can provide typing results in days
rather than weeks and allows non-viable cul-
tures and archival tissue specimens to be typed.
Problems with discriminatory power, re-
producibility, and cross contamination still
exist.

Several countries are developing databases of
RFLP patterns of all their tuberculosis isolates.
These will allow the patterns of strains in the
country to be described. In particular, it will
determine whether any strain types are par-
ticularly common, allowing more reliable in-
terpretation of results. A national database of
strains of M tuberculosis has already been
introduced in The Netherlands. Tuberculosis
surveillance using RFLP databases has the po-
tential to detect outbreaks of tuberculosis. Al-
though there would inevitably be some delay
(which could be reduced if more rapid PCR-
based techniques become routine), the nature
of tuberculosis outbreaks is that they can occur
over extended time periods so that this ap-
proach could still allow valuable interventions
to be made. A situation where a non-compliant
or undiagnosed patient remains infectious for
a prolonged period resulting in illness in others

may only come to light through the results of
RFLP typing. The potential for this is dem-
onstrated by the results of the large study in
San Francisco'8 where up to 6% of cases of
tuberculosis in the city arose from one non-
compliant index case. In addition, such
surveillance could highlight infection control
policies which are inadequate to prevent
nosocomial transmission of tuberculosis. Com-
parison of such databases from various
countries may help to elucidate the global
epidemiology of tuberculosis.

Implications for clinical and public
health practice
Although spread oftuberculosis in institutional
settings was well recognised before the use of
RFLP typing, accurate strain identification has
provided much more convincing evidence of
spread, particularly in outbreaks of multidrug-
resistant tuberculosis in institutions caring for
HIV positive people. The results ofRFLP typ-
ing in conjunction with more traditional epi-
demiological techniques can allow robust
descriptions of outbreaks to be made. The
added certainty provided by this technique can
limit arguments about other explanations for a
series of cases and thus help to convince de-
cision makers to take appropriate action. In at
least one hospital the strength of the results of
one such study has led to tightening of hospital
infection control procedures and a subsequent
decline in the level ofmultidrug-resistant tuber-
culosis in the hospital.32 Conversely, if cases in
an institution are found to be sporadic, then
this could prevent unnecessary intervention.42

Application of American recommendations
(from the Centers for Disease Control (CDC))
for prevention of nosocomial transmission of
tuberculosis53 would be very expensive in the
UK, even if the measures were confined to
specialised centres. These recommendations
include: the use of negative pressure rooms
to isolate infectious patients and to perform
bronchoscopy, sputum inductions and nebu-
lised pentamidine treatments; the use of high
efficiency filters in potentially contaminated
general use areas (such as chest clinic waiting
areas) and the use of disposable particulate
respirators (a face mask designed to filter out
particles 1-5 gm in diameter). The ap-
propriateness of such extensive control meas-
ures to the situation in England and Wales
is not known, largely because the extent of
nosocomial transmission remains undescribed.
A large scale RFLP typing study in the UK
would help to quantify nosocomial spread; such
a study is currently being organised by the
Public Health Laboratory Service. An incident
of probable nosocomial transmission of tuber-
culosis between HIV positive patients has re-
cently been described in a London hospital.36
Monitoring of the HIV epidemic and of levels
of multidrug-resistant tuberculosis will also
provide vital information. Until the situation is
clearer, British Thoracic Society guidelines6364
should be adhered to.
The fact that current techniques may take

more than two months to determine drug sensi-
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tivity patterns has been a major problem in
the management of multidrug-resistant tuber-
culosis, particularly in the United States. By
the time drug sensitivities are known the patient
may have died from the disease and is likely
to have remained highly infectious during his
illness. Knowing that a patient's isolate had the
same RFLP banding pattern as another patient
with multidrug-resistant tuberculosis would
allow effective chemotherapy to be started
much sooner, improving chances of survival
and substantially decreasing the period of in-
fectivity. Culture followed by RFLP typing is
already faster than culture followed by sensi-
tivity testing. PCR-based RFLP typing should
provide much faster answers in the future. A
national system of RFLP typing, concentrating
on patients thought to be at high risk of drug
resistant tuberculosis, has recently been
proposed.6566
RFLP studies have provided evidence for

transmission of tuberculosis in situations where
spread would previously have been thought
unlikely, such as in restaurants and bars. The
vulnerability of HIV positive people to tuber-
culosis has been demonstrated and this raises
questions as to how extensive contact tracing
should be in groups with a high incidence of
HIV. RFLP typing studies have emphasised the
importance of schemes to improve compliance
(such as directly observed chemotherapy) by
demonstrating how many people can be in-
fected by a non-compliant patient. Groups
where transmission of tuberculosis is common
have been identified using RFLP typing. Such
groups could be targeted for public health in-
terventions.

Conclusions
RFLP typing ofM tuberculosis has been dem-
onstrated to be a useful epidemiological tool
and is likely to have increasing influence on

clinical practice. Its main drawbacks are the
delay in producing results (due mainly to the
delay in culturing the organism) and the mod-
erate expense. At a local level the technique
may be used to confirm suspected outbreaks
and identify previously unsuspected incidents
of transmission. Future developments of the
technique may allow early recognition of multi-
drug-resistant tuberculosis. Large scale studies
can identify groups and situations in which
active transmission occurs and allow estimates
of the extent of the problem to be made. Sur-
veillance of RFLP types has the potential to
identify outbreaks oftuberculosis allowing con-
trol measures to be implemented. We are still
some way from using RFLP typing routinely
in the UK, but the technique is likely to become
increasingly widely used and has the potential
to strongly influence tuberculosis control policy
in hospitals and at district and national levels.
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