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PREFACE

THE vast expansion of the application of the methods of the
laboratory in all branches of medicine is one of the major features of
medical practice in recent years; the position of the clinical, or if the
term be preferred, the hospital pathologist and of his instrument, the
laboratory, is far more important now thau it was in 1947 when the
first volume of this series appeared, and is likely to become ever
increasingly so.

This growth in importance of the laboratory is a result of the
prodigious expansion of knowledge in all fields of medicine within
the last two decades. Much of this new knowledge has been obtained
through the use of laboratory methods applied to clinical medicine—
both in diagnosis and treatment—the practice of which has come to
depend increasingly upon these same methods. The laboratory 12
1947 could rightly be described as a complex instrument ; in the
intervening years the demands upon it and upon those who govern
it have multiplied and become ever more intricate. This increasing
intricacy of certain laboratory investigations makes it advisable on
many grounds that some of them should be performed in specially
equipped and staffed central reference laboratories. Wherc such
instances occur in this volume they are given specific mention
together with, so far as concerns the United Kingdom, the name of

 the institution of reference. The Editor regrets his inability to do the
same for other countries in which this book may find readers.. These
instances are not numerous; by far the greater part of the pro-
cedures described will be performed by pathologists in their own
laboratories working in close contact with their colleagues in other
fields of medicine.

How close this contact must be is made clear again and again in
the ensuing pages; in some chapters it is the major theme, in others
it is not so evident, but from no chapter is it entirely lacking. This
close co-operation makes it essential that the governance of the
clinical laboratory should be in the hands of a clinical pathologist so
trained that he is in a position fully to understand the problems
presented to him bv his colleagues in other branches of medicine,
and to determine the plan of campaign most likély to lead to their
sulution. It must also enable him to instruct his colleagues in the
potentialities—and likewise in the limitations and fallibilities—of
his instrument and further to assist them in interpreting the evidence
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obtained through its use. Such a training demands more than a
schooling in the discipline of the laboratory, essential though this
may be; it demands first and foremost a sound knowledge of clinical
medicine such as can only be achieved through a full course of
medical studies leading to the attainment of a recognized qualification
to practise medicine: only on the basis of such grounding can the .
clinical’ pathologist know how best to place at the disposal of his
colleagues the resources of his powerful but delicate instrument.

This volume consists entirely of new matter: the contents of the
previous volumes of this title are by no means out of date; in fact,
reference back to earlier issues will be found in the present one. The
rate of growth of clinical pathology is such that it is impossidle to
keep in touch with it by mere re-editing. Thus in 1947 nuclear
physics found no mention in the first volume of the series: in the
second, appearing in 1951. one chapter was devoted to it; in the
present volume it demands repeated reference. This development
seems likely to continue. even to accelerate: it is for this reason that
the present volume is designated not the Third Edition but the Third
Series of ©* Recent Advances in Clinical Pathology.™

As General Editor my thanks are due first to the Section Editors:
it was with great regret that the Editorial Board learned from Pro-
fessor R. Cruickshank and Dr. R. G. Macfarlane that pressure of
other work made it impossible for them to continue to edit the
Sections of Bacteriology and Hematology respectively. The Board
is fortunate in having found successors in the persons of Dr. Mary
Barber for the Section of Bacteriology and Dr. Rosemary Biggs fo
that of Hematology. As General Editor 1 am indebted to the
Section Editors for their help, patience and courtesy. 1 am further
deeply grateful to all those who so willingly acceded to the request for .
contributions.

Owing to numerous and vexatious delays. culminating in a
protracted dispute in the printing trade, publication of this volume
is long past the scheduled date. As General Editor my apologies are
due to all contributors and in particular to the many who submitted
their chapters in accordance with the original timetable, but in whose
subjects developments requiring notice had since taken place; I am
grateful to all these for so willingly undertaking the extra labour of

bringing their contributions up to date.

Department of Pathology, S €. DYKE v g

The University, Birmingham.
Former Pathologist. The Royal Hospital,
Wolverhampton.




CONTRIBUTORS

AGER, J. A. M., M.B. B.s. (Lond.).
Lecturer, Department of Clinical Pathology, St. Thomas’s
Hospital, London.

BARBER, MARY, m.D. (Lond.).
Reader in Clinical Bacteriology, Postgraduate Medical School,

London.

BARON, D. N, m.p. (Lond.).
Reader in Chemical Pathology, Royal Free Hospital Medical

School, London.

BARR, M. L., M.sc., Mm.D. (Western Ont.), F.R.S. (Can.).
Ptofessor of Microscopic Anatomy, University of Western
Ontario, London, Canada.

BELL, JOYCE, L., M.sc., Ph.D. (Lond.)
Biochemist, Roval Free Hospital, London.

BEVERLEY, J. K. A., M.D. (Sheff.), B.sc. (Sheff.).
Lecturer in Bacteriology, University of Sheffieid, Sheffield.

BIGGS, ROSEMARY, M.D., B.sc. (Lond.), ph.p. (Toronto).
Scientific Officer, Medical Research Council Blood Coagulation
Research Unit. Churchill Hospital, Oxford.

BODIAN, MARTIN, M.p. (Vienna), M.R.C.P. (Lond.).
Consultant Pathologist in Morbid Anatomy, The Hospital for
Sick Children, Gt. Ormond Street, London.

BYWATERS, E. G. L., m.p. (Lond.), F.r.C.P. (Lond.).
Empire Rheumatism Council Professor of Rheumatology in the
University of London (Postgraduate Medical School); Hon.
Director, Rheumatism Research Unit (Medical Research
Council), Canadian Red Cross Memorial Hospital, Taplow,
Bucks, England.

- CURRAN, R. C., m.D. (Glas.).
Professor of Pathology in the University of London, St.
Thomas’s Hospital Medical School, London.

vii



viii CONTRIBUTORS

DISCOMBE, GEORGE, Mm.p., B.sc. (Lond.).
Pathologist, Central Middlesex Hospital, London.

FRANGLEN, G. T.. B.sc. (Lond.).
Lecturer in Chemical Pathology, University of London, St.
George’s Hospital Medical School, London.

GURLING, K. J,, m.D. (Lond.), M.Rr.C.P. (Lond.).
Senior Research Assistant, Royal Free Hospital, London.

HOBBS, BETTY C., p.sc., Ph.D. (Lond.).
Director Food Hygiene Laboratory, Central Public and Dairy
Laboratory, Colindale, London, N.W.9.

HUTT, M. C. R, m.u. (Lond.), M.R.C.P. (Lond.).
Physician to Clinical Laboratories, St. Thomas's Hospital
Medical School, London.

LEHMANN, H.. m.p. (Basle), sc.. (Cantab.), M.R.C.P. (Lond.),
F.R.LC.
Senior Lecturer in Chemical Pathology and Chemical Patholo-
gist, St. Bartholomew's Hospital, London.

LILLIE, R. D., M.D. (Stanford).
Medical Director, U.S. Public Health Service; Chief, Laboratory
of Pathology and Histochemistry, National Institutes of Health,
Bethesda. Maryland, U.S.A.

MACRAE, A. D., m.p. (Aberdeen).
Virus Reference Laboratory, Public Health Laboratory Service,
Colindale, London.

MARTIN, N. H., B.M., ch.B. (Oxon), F.R.C.P. (Lond.). F.R.L.C.
Professor of Chemical Pathology in the University of London,
St. George's Hospital, London.

MOLLISON, P. L., m.p. (Cantab.), F.rR.C.P. (Lond.).
Director, Medical Research Council’s Blood. Transfusion
Research Unit, Postgraduate Medical School, London.

MUEHRCKE, ROBERT C., m.p. (lllinois).
Instructor in Medicine, University of lllinois College of
Medicine, Chicago, Illinois, U.S.A.

OAKLEY, CELIA M., m.B., BS. (Lond.) M.R.C.P. (Lond.).
Registrar, Department of Medicine, Hammersmith Hospltal
and Postgraduate Medical School, London.

-



CONTRIBUTORS ix

PAYNE, W. W, M.B., B.S. (Lond.), F.R.C.P. (Lond.).
Chemical Pathologist, Hospital for Sick Children, Gt. Ormond
Street. London.

PIRANI, CONRAD L., m.p. (Milan).
Professor of Pathology.. University of Illinois College of
Medicine, Chicago, Illinois. U.S.A

ROSE, G. ALAN CONRAD., p.M. (Oxon), A.R.IC.
Medical Unit, University College Hospital, London.

SANDLER, M., M.B.. B.ch. (Manch.), M.r.c.P. (Lond.)
Consultant Chemical Pathologist. Bernhard Baron Memorial
Research Laboratories. Queen Charlotte’s Matcrnity Hospital,
. Lonaon.

SCOTT. F. E. T., M.D. (Cantab.).

Clinical Patnologist, Canadian Red Cross Memorial Hospital,
Taplow, Bucks.

SEQUEIRA, P.J. L., M.p. (Lond.).
Pathologist, Regional VD Serology Laboratory, Withington
Hospital, Manchester.

SYMMERS, W. St. C., Mm.p. (Belf.), F.r.C.P. (Lond.).
Professor of Morbid Anatomy in the University of London,
Charing Cross Hospital. London.

TAYLOR, JOAN, M.B., B.S. (Londv) B.sc. (Lond.).
Director, Salmonella Reference Laboratory, Central Public
Health Laboratory, London.

WETHERLEY-MEIN, G.. M.D. (Cantab.).

Physician to the Department of Pathology, St. Thomas’s
Hospital, London.




CONTENTS

SECTION [I—BACTERIOLOGY
Editor: MARY BARBER

CHAPTER TITLE PAGE
1. SOURCE AND CONTROL OF ANTIBIOTIC-RESISTANT STAPHY-
LOCOCCAL INFECTION IN HospPiTALS. Mary Barber . 2
2. CURRENT METHODS IN  VIRUS DIAGNOSIS. A. D.
Macrae . . . . . ) . . 16
3. NEUROTROPIC VlRUSEb A. D. Macrae . . . 28
4. THE LABORATORY DIAGNOSIS OF TOXOPLASMOSIS. J. K. A.
Beverley . . . 38
5. DEVELOPMENTS IN THE SI:R()LO(JY OF Swmus P.J. L.
Sequeira . . . i 98
6. ENTEROPATHOGENIC ESCHERICHIA Corr. Joan Taylor . 78
7. SOURCES OF FOOD-POISONING BACTERIA AND THEIR
ConTROL. Betty C. Hobbs . . . . .91

SECTION II—CHEMICAL PATHOLOGY
Editor: E. N. ALLOTT

CHAPTER TITLE PAGE

8. FAILURE TO THRIVE IN INFANCY: LABORATORY INVESTI-
GATIONS. W. W. Payne . . 104

9. INVESTIGATION AND TREATMENT OF DISORDERS OF CALClUM
METABOLISM. G. Alan Rose . . . . . 124

10. INVESTIGATION AND MANAGEMENT OF PATIENTS SuUB-
MITTED TO HYPOPHYSECTOMY OR ADRENALECTOMY.
L. N. Baron and K. J. Gurling . . 140
11. SERUM TRANSAMINASE AND LACTIC DEHYDROGENASE IN
THE DiAGNOSIS OF MYOCARDIAL INFARCTION. D. N.

Baron, Joyce L. Bell, and Celia M. Oakley . . 154
12. LABORATORY INVESTIGATION OF ABNORMAL INDOLE META-
BOLISM. M. Sandler . 163

13. PAPER ELECTROPHORESIS IN CLINICAL PATHOLO(;Y G 1
Franglen and N. H. Martin . . . . . 181

xi



xii CONTENTS

" SECTION 1II—HAMATOLOGY
Editor: ROSEMARY BIGGS
CHAPTER TITLE PAGE

14. THE HAMOGLOBINOPATHIES. H. Lehmann . 202
With an Appendix on Laboratory Procedures, Jomlly
with J. A. M. Ager.
15. THE USE OF 31 Cr-LABELLED RED CELLs. P. L. Mollison 223
16. RADIOACTIVE IRON STUDIES IN CLINICAL PATHOLOGY.

G. Wetherley-Mein and M. C. R. Hutt : . . 241
17. ESSENTIALS FOR SAFE TRANSFUSION OF BLooD. George
Discombe : . . . . . 255
18. THE CLINICAL PATHOLOGY OF THE SURGICAL TREAT-
MENT OF HAMOPHILIC PATIENTS. Rosemary Biggs . 270
19. RHEUMATISM AND THE CONNECTIVE TISSUE DISEASES.
E.G.L. Bywaters and F. E. T. Scott . . ‘ . 278

SECTION 1V—HISTOLOGY
" Editor: A. H. T. ROBB-SMITH

CHAPTER TITLE PAGE
20. HISTOLOGICAL EXAMINATION IN THE DIAGNOSIS OF DEEP-
SEATED FUNGAL INFECTIONS. W. St. C. Symmers . 304

21. CytoLOGICAL TESTS OF CHROMOSOMAL SEX. M. L. Barr. 334
92. RADIOACTIVE ISOTOPES IN THE - LABORATORY. R. C.

Curran . - : . . . . : . 347
23. RENAL Biopsy. Conrad L. Pirani and Robert C. Muehrcke 357
24. PATHOLOGICAL AIDS IN THE DIAGNOSIS AND M ANAGEMENT

oF HIRSCHSPRUNG’S DISEASE,  Martin Bodian . . 3%4
25. HISTOCHEMISTRY IN DIAGNOSTIC HISTOPATHOLOGY. R. D.
Liltie . . . . . : . . . 393

INDEX . , ) . . . . . . 417




DYKE'S CLIN. PATH.

SECTION 1
BACTERIOLOGY

Section Editor
MARY BARBER. Mm.D.

Reader in Clinical Bacteriology,
Postgraduate Medical School. London



CHAPTER |

SOURCE AND CONTROL OF ANTIBIOTIC-RESISTANT
STAPHYLOCOCCAL INFECTION IN HOSPITALS

THe staphylococcus is so familiar to us that we are tempted to
think we understand its mode of attack. In fact there are few
subjects more baffling to medical science. Since the great Aber-
donian surgeon. Sir Alexander Ogston (1881), first demonstrated
the organism in pus from operation wounds in 1880, we have
learned much about its potentialities, but are still unable to forecast
its effect on a given individual or community.

SOURCE, PATHOGENICITY AND VIRULENCE OF STAPHYLO-
COCCI IN THE HOSPITAL ENVIRONMENT

Sources

Staphylococcal Sepsis. The most dangerous source of pathogenic
staphylocacci in the hospital environment is staphylococcal sepsis.
Staphylococci in open pathological lesions are more readily dis-
seminated than carrier strains and, as indicated below, tend to be of
increased virulence.

Carriers. More than a third of the normal population of this
island carry pathogenic staphylococci in the anterior nares (Hallman,
1937; McFarlan, 1938; Gillespie, Devenish and Cowan, 1939) and
the carriage rate among nurses is considerably higher (Miles,
Williams and Clayton-Cooper, 1944; Allison and Hobbs, 1947;
Barber, Hayhoe and Whitehead, 1949).

Skin carriage of pathogenic staphylococci is also quite common
(Gillespie er al.. 1939; Miles er al., 1944). Early work suggested
that the anterior nares was the essential reservoir and that skin
carriage was secondary to this (Gillespie er al., 1939; Williams,
1946), and could often be eliminated by treatment of the anterior
nares (Moss, Squire, Topley and Johnson, 1948). Staphylococci
may, however, be persistently carried on skin sites in the absence
of nasal carriage (Hare and Ridley, 1958).

Secondary Sources. Staph. aureus is probably spread from person
to person by an indirect route rather than by droplet infection
(Hare and Mackenzie, 1946; Hare and Thomas, 1956). Infected

2



STAPHYLOCOCCAL INFECTION IN HOSPITALS 3

patients readily contaminate their bedding, especially blankets, and
from this source the staphylococci may be widely disseminated
throughout the ward during bed-making. Members of the staff who
have lesions or are carriers invariably contaminate their clothing,
their handkerchiefs and their hands, and certain carriers appear to
be particularly liable to disperse staphylococci into the surrounding
atmosphere (Hare and Thomas, 1956).

Aerial contamination of wards or operating theatres may arise
from any of these sources.

Laboratory Tests of Pathogenicity and Virulence

Staphylococci live and multiply in the anterior nares and on the
skin of healthy people, as well as in septic lesicns. and since many of
the carrier strains are relatively harmless, identification of patho-
genicity is of prime importance. Most bacteriologists accept
coagulase-production as the criterion of pathogenicity. and use the
term Staph. aureus to denote any coagulase-positive staphylococcus
regardless of pigment production. This terminology is adopted
here, but a positive coagulase test is only a rough guide which does
not necessarily imply full pathogenicity, and gives no indication of
virulence.

Alpha-toxin, leucocidin, fibrinolysin and pigment production
probably all play an important part, but not one of these can be
regarded as essential for pathogenicity nor do quantitative estima-
tions of any one of these or of coagulase give much indication of
virulence. There is evidence to suggest. however, that a broad
spectrum of toxins is of more significance than high production of
any one (Lack and Wailling, 1954).

Animal pathogenicity tests are not much more satisfactory.
because humans and laboratory animals react differently to staphylo-
coccal infection. Selbie and Simon (1952) recommended intra-
muscular injection of strains into the thighs of mice. They found
that this led to the production of a local lesion which increased in
size up to about the fourth day. They estimated virulence by
measuring the incréase in girth and found that this was correlated
with alpha-lysin, coagulase and fibrinolysin production.

Bacteriophage Typing. It is now recognized that Staph. aureus
can be divided into three principal groups (I. Il and 111) by means
of their susceptibility to various bacteriophages (Williams. Rippon
and Dowsett, 1953, and Anderson and Williams, 1956). These
groups have a fundamental basis in the constitution of the staphylo-
_cocci concerned, since they correspond to the three serological

12



4 BACTERIOLOGY

groups identified by slide agglutination (Cowan, 1939; Hobbs,
1948) and the coagulase produced by members of each of the three
groups is antigenically distinct (Barber and Wildy, 1958).

Strains of phage group III yield antibiotic-resistant variants more
readily than do strains of other phage groups and are frequently
associated with severe infection in surgical wards (Barber and White-
head, 1949; Rountree and Thomson, 1949; Jackson et al., 1954;
Barber and Burston, 1955). It cannot be assumed from this that
strains of phage group III are necessarily of greater virulence than
those of other groups, but they may be so in a given institution.

Recently there has been evidence to suggest that staphylococci of
phage-type 80 are likely to be of enhanced virulence. The strain
was first isolated as a new type by Rountree and Freeman in 1955
from an epidemic of unusual severity and extent, affecting several
maternity hospitals in Australia. Since then, outbreaks of severe
staphylococcal infection due to strains of this type have been
recorded in many parts of England (Gillespie and Alder, 1957;
Duthie, 1957; Barber and Dutton, 1958).1

Conclusion

From a practical point of view it must be concluded that there is
no simple means of determining the virulence of a strain of staphy-
lococcus and that all coagulase positive strains must be regarded as
potentially dangerous. Nevertheless, it may be taken as a general
rule that strains from pyogenic infection are more likely to be
virulent than those from carriers, and with the help of bacteriophage
typing and antibiotic resistant patterns it may be possible to deter-
mine which carrier strains are associated with clinical infection in a
- particular institution.

SUSCEPTIBILITY OF THE HOST
Non-specific Factors

The resistance of the host probably plays at least as important a
role in determining staphylococcal disease as does the virulence of
the microbe, and many modern forms of therapy render patients
peculiarly susceptible to infection. Indeed, in the words of
McDermott (1956), ““an unfortunate by-product of our life-saving
and life-prolonging procedures is to create a favourable market for

! Phage-tyring of staphylococci is outside the scope of most routine labora-
tories, but in Great Britain representative strains can be typed by the Central
Public Health Laboratory Service.
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aphylococci . The most important factors are probably pro-
wylactic administration of antibiotics, pre-operative starvation
f. Smith and Dubos, 1956) and corticosteroid therapy (Coste ez al.,
251: Shaper and Dyson, 1955; Smith and Cleve, 1957).

Specific Immunity

Specific immunity to staphylococcal infection is a complex
problem. The staphylococcus is both highly invasive and toxigenic,
and antibodies have been demonstrated to the cocci themselves and
to alpha-lysin, leucocidin and coagulase. All these, as well as other
factors, probably play a part in the development of immunity to
staphylococcal infection, and it is unfortunate that most investi-
gators have concentrated on the protective value of one agent to the
exclusion of others. This has caused some confusion which has been
further increased by the great variety of experimental methods
employed.

At present it must be admitted that we do not know how to
protect patients against staphylococcal infection. Although from
time to lime good results are obtained with autogenous vaccines or
preparations of toxoid, the protective agent remains obscure.
Attention 1s once more being drawn to this subject now that anti-
biotics have failed to control staphylococcal infection in hospitals.
An active vaccine 0 protect the more vulnerable patients, such as
those undergoing massive surgery and newborn infants, might save
many lives.

EMERGENCE OF ANTIBIOTIC-RESISTANT STAPH YLOCOCCI

After the report of the first clinical trial of penicillin at the Rad-
cliffe Infirmary at Oxford in 1941 (Abraham er al., 1941) many
thought that the answer to the staphylococcus had been discovered,
and for a time this appeared to be the case. The effect of this agent
on staphylococcal infections of all grades of severity was truly
dramatic, and it was not unreasonable to hope that if the staphy-
lococci in septic processes could be promptly and efficiently eradi-
cated, spread of infection to other members of the community
would become negligible.

Unfortunately the staphylococcus did not take the attack lying
down, and a powerful detence mechanism in the form of the peni-
cillin-destroying enzyme, penicillinase, was soon forthcoming.
Within a few years of the widespread use of penicillin in hospitals an
ever-increasing proportion of staphylococcal infections in these
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institutions were found to be due to penicillinase-producing staphy-
lococci (cf. Barber, 1947a and b, and Barber and Rozwadowska-
Dowzenko, 1948).

Chemists and batteriologists have countered with new weapons,
and six antibiotics are now freely available for the treatmient of
staphylococcal infection. Penicillin was followed by the discovery |
of streptomycin in 1944, chloramphenicol in 1947, aureomycin, the
first of the tetracycline antibiotics, in 1948, erythromycin in 1952,
novobiocin in 1955. But, as each new antibiotic was introduced,
strains of staphylococci resistant to it began to make their ap-
pearance, and staphylococci resistant to one or more of all these
agents have now been encountered in clinical infections.

Three new antibiotics with powerful antistaphylococcal properties
must be mentioned, vancomycin, ristocetin and kanamycin.
Unfortunately all three are toxic. Vancomycin and ristocetin can,
at present, only be administered by intravenous injection.

Penicillin-destroying Staphylococei.  Penicillin-resistant staphy-
lococci isolated from clinical cases owe their resistance to the pro-
duction of penicillinase, which inactivates penicillin. This property
is a relatively permanent characteristic, but many strains tend to
yield a proportion of cells which have completely lost the capacity to
produce the enzyme (Barber, 1949; Bondi, Kornblum and De Saint
Phalle, 1953; Fairbrother, Parker and Eaton, 1954). The change
appears to be sudden and complete, suggesting spontaneous mutation.
It is probable. therefore, that the gain in enzyme production also
occurs by spontaneous mutation from penicillin-sensitive staphy-
lococci, but in view of the failure to demonstrate such an occurrence
in vivo or in vitro the mutation must be a rare one.

Staphylococcal penicillinase is an adaptive enzyme (Geronimus
and Cohen, 1957) and the effect of the antibiotic on the emergence of
penicillinase-producing strains cannot be overlooked. Barber
(1957) found that certain penicillin-sensitive strains of Staph. aureus
gave rise to variants with weak penicillin-destroying activity when
subcultured for many months in very low ‘0-:005-0-01 p/ml.) con-
centrations of penicillin in vitro. Similar concentrations of penicillin
probably remain in the tissues of patients for some time after the
cessation of penicillin treatment and, as Gould (1958) has shown,
may be present in the air of wards where penicillin injections are
being given without special precautions. It may well be that in
hospital wards where cross-infection is common, strains of staphy-
lococci are in fact being serially transferred in th&presence of sub-
bacteriostatic concentrations of penic.flin.




