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Though I have never seen nasal or antroethmoidal cancer
arising in any patient within Britain who had used snuff, it is
a possible explanation for the extraordinarily high incidence
ofupper jaw neoplasms in the Bantu tribes of the Transvaal,
among whom the use of indigenous snuff is widespread.
Campbell and Cooper found as much 3:4 benzpyrine in Zulu
snuff, which contains charred aloe stems as well as tobacco,
as in cigarette smoke condensate.4 Epidemiological studies,
and my own observations in South Africa, support the view
that prolonged usage of this carcinogenic snuff is the prime
aetiological factor in the production of this highly malignant
neoplasm.
Within the United States and Scandinavia snuff dipping is

the predominant form of snuff use. "Wet snuff' is placed
between the lower lip or buccal, mucosa and gums. In many
ways this is similar to the use of "pan" or the many other
tobacco concoctions that are used within the mouth through-
out central and southern Asia. All contain tobacco, but "wet"
snuff contains not only nitrosonornicotine but at least 19
other varieties of nitrosamnines as well as polycyclic aromatic
hydrocarbons. Perhaps more important than chemical analy-
sis and animal experiments of doubtful relevance is the
epidemiological evidence of a high incidence of carcinoma at
the site of these "implants." In Ceylon and Bombay, where
the quid is between cheek and gum, so is the cancer. Where it
is held under the tongue, half the cancers affect the anterior
tongue. Similar evidence has been available for many years
from studies within the southern states of the United States.
Snuff dipping has long been a popular practice in these
regions, particularly amongwomen. Rosenfield and Callaway
found that 90% oftheirwomen patients with oral cancer were
habitual users of snuff.5 This association has been recognised
by most surgeons working in these areas but it is important to
remember that such patients may have used snuff for as long

as 40 to 60 years. When there is an association with pungent
diet, poor oral hygiene, and malnutrition the incidence of
cancer may be even higher and the period of exposure much
shorter. In my personal experience of 117 patients with
cancer of the buccal mucosa, anterior tongue, or floor of
mouth I have found a history of snuff dipping only in those
from Asia or India. Fortunately dipping is not common in the
indigenous or immigrant populations of Britain.

In the United States there is some evidence of a move
among young people from, cigarette smoking to chewing
tobacco or snuff dipping, and this is now threatening in
Britain. We should remember that the local effects of snuff
on the gums are well recognised-as is the risk of nicotine
addiction in the young. Some people seem not to accept that
the long term carcinogenic effects of snuff in the mouth
would be the same in Britain as those already documented in
the United States as well as elsewhere in the world. The time
scale may prove to be longer than for tobacco induced lung
cancer, but the results of treatment of oral cancer are little
better. Tobacco in all its forms is dangerous, and subtle
advertising campaigns should not be allowed to confuse the
issue. The United Kingdom Coordinating Committee in
Cancer Research called last week (p 000) for a ban on the
import, manufacture, and sale of snuff.
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Regular Review

Management of infection in the neutropenic patient
ROBERT E MARCUS, JOHN M GOLDMAN

Some reversible depression of the bone marrow is an
inevitable consequence of many chemotherapy regimens
used in oncology. Such periods of neutropenia are usually
short; if prolonged they would probably lead to reduction in
the dosage of cytotoxic drugs for later courses. In the
management ofacute leukaemia, however, and more recently
in lymphomaand some solid tumours long penods ofmarrow
hypoplasia and neutropenia are the consequence of deliber-
ate attempts to maxinise the kill of tumour cells.
These periods ofneutropenia, lasting up to four weeks, are

also seen after autologous and allogeneic bone marrow
transplantation and carry the risk of severe bacterial, fungal,
and viral infection. The incidence and severity of these
infections are greater than those seen in chronic neutropenic
states such as aplastic anaemia since chemotherapy and

radiotherapy damage the membranes ofthe oropharynx, gut,
and lung and thereby permit predominantly Gram. negative
organisms to enter the systemic circulation or the lung
parenchyma more readily. By contrast patients with neutro-
penia due to severe aplastic anaemia rarely suffer from
serious infections with Gram negative organisms, their
frequency being related to the absolute monocyte count.'

This combination of damage to membranes and suppres-
sion ofresidual haemopoiesis renders patients with leukaemia-
particularly susceptible to severe infections, many of which
are due to endogenous gastrointestinal organisms.2 This has
led several groups to attempt to reduce the level of microbial
flora in the gut with combinations of non-absorbable anti-
biotics.3 Some centres persist with this approach, but many
have rejected it for three reasons: firstly, the necessary



BRITISH MEDICAL JOURNAL VOLUME 293 16 AUGUST 1986

antibiotics are unpalatable and poorly tolerated by patients
already nauseated by chemotherapy; secondly, because
true "sterilisation" of the gut is difficult to achieve even
when compliance is good; and, thirdly-and perhaps most
important-because studies on animals suggest that elimina-
tion of both anaerobes and aerobes permits very low numbers
of exogenous Gram negative organisms to colonise the
gastrointestinal tract and to cause clinical infection. This
concept-that the presence of anaerobic organisms may
protect against exogenous pathogens-has been termed
"colonisation resistance"4 and has led to the adoption of
selective, aerobic decontamination in order to prevent sys-
temic infection by Gram negative organisms in the gut. Co-
trimoxazole is chosen most frequently for this purpose, since
it is active against Gram negative organisms as well as against
Haemophilus influenzae and Streptococcus pneumoniae.5 6 It
also provides effective prophylaxis against Pneumocystis
carini in the recipients of bone marrow transplants and in
children with acute lymphoblastic leukaemia.7 This approach
is not without problems during second or subsequent courses
of intensive chemotherapy, since organisms resistant to co-
trimoxazole are common8 and alternative agents such as
colistin may have to be added or substituted. The risk of
fungal colonisation may be reduced by adequate daily doses
of oral amphotericin B and nystatin, or by ketoconazole, or
by small doses of amphotericin B given intravenously two or
three times a week.

Further attempts to reduce the risk of infection in this
group of patients include the use of a sterile diet and
protective isolation. The evidence on the effectiveness of
these measures is conflicting, since the various studies that
have been reported differ in the degree of isolation and in the
type of gut decontamination used. Simple hand washing by
medical and nursing attendants and laminar airflow facilities,
when available, seem effective in reducing infection due to
exogenous organisms.9

Patients who go home with indwelling Hickman catheters
often have positive blood cultures on readmission."' The
organism is usually Staphylococcus epidermidis," 12 but other
pathogens, such as Klebsiella sp, Eschenrchia coli, and Str
viridans, have been isolated from asymptomatic patients,
both from the line and peripheral blood; the incidence of
such colonisation rises during second and subsequent ad-
missions for consolidation chemotherapy, and "line" infec-
tions are an important cause of low grade fever in the
neutropenic phase requiring specific treatment."3
The clinical observation that the cause of fever in neutro-

penic patients, when it is identified, is frequently an organism
isolated from the faeces or a rectal swab a few days before the
onset of the fever emphasises the importance of "surveil-
lance" cultures.'4 These should ideally be taken from the
faeces and also the nose, throat, groin, and the urine on
admission and weekly or twice weekly thereafter; if full
facilities are not available regular culture of at least the faeces
or rectal swabs is essential.

Fever that occurs despite prophylactic measures soon after
the onset of neutropenia is often the only physical sign of
infection and should be treated urgently with systemic
antibiotics after blood cultures have been taken from both
the Hickman line and a peripheral vein and the results of
surveillance cultures have been analysed. Irreversible septi-
caemic shock may otherwise supervene within hours; afebrile
patients who have symptoms and signs of septicaemia,
especially those who are taking or have recently taken
steroids, should be treated in the same way.

Full physical examination including of the mouth and
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perianal region and a chest x ray film should be performed in
an attempt to identify a focus of sepsis, but commonly there
are no clues to either the site of sepsis or the nature of the
infecting organism; indeed, in over four fifths of all febrile
episodes in neutropenic patients no organism is ever iden-
tified."' Treatment should, therefore, be started with an
antibiotic regimen with the broadest possible spectrum,
though in the absence of definite clinical or bacteriological
evidence antianaerobic cover is not essential at first. A
standard combination in many centres is an aminogly-
coside-for example, amikacin, gentamicin, netilmicin, or
tobramycin-plus a semisynthetic penicillin with anti-
pseudomonal activity-for example, azlocillin or piper-
acillin-or a cephalosporin-for example, cefotaxime,
cefoxitin, or cefuroxime. " '7 A recent prospective controlled
clinical trial of piperacillin, netilmicin, and cefotaxime
versus the new extended spectrum cephalosporin, ceftazi-
dime, showed no differences in the response rate or morbidity
between the two groups,'8 but some clinicians may continue
to prefer to use at least two effective antibacterial agents for
initial "blind" treatment in these patients. IfStaph epidermidis
or other Gram positive organisms have been isolated from the
Hickman line on admission then vancomycin should be
added to the antibacterial regimen.

Patients who respond should remain on antibiotics until
either their neutrophil counts recover (>0 5 x I09/1) or until
they have been afebrile for at least five days; these events will
often coincide. Conversely, patients who deteriorate rapidly
may need to be treated with additional antibiotics with broad
spectrum activity. Others who do not respond may be
reassessed at 72 hours, when bacteriological studies can be
reviewed and antibiotics added if resistant or partially
resistant organisms have been isolated. If Gram negative
organisms continue to be isolated from the Hickman line it
should be removed, but line sepsis with Gram positive
organisms may be controlled with vancomycin without
removing it. If fever persists after broad spectrum anti-
bacterial treatment for 72 hours with no clinical or laboratory
evidence of bacterial infection it is unlikely to be bacterial,
and empirical antifungal treatment with amphotericin B
should be considered if the neutropenia is likely to persist
more than five days.20 Though newer imidazole derivatives
such as itraconazole may be shown to be useful, amphotericin
B is still the only agent with proved efficacy against fungal
infection in patients with neutropenia. Candidal infection
may then respond, but infection with aspergillus may be
impossible to eradicate until neutrophils return, and high
doses of amphotericin B (up to 1 mg/kg a day) may be
required to control invasive pulmonary aspergillosis.

Granulocyte transfusions

The place of granulocyte transfusions is not clear.22 Early
reports suggested a reduction in the mortality of neutropenic
patients who received them during febrile episodes,23 24 but a
more recent prospective trial concluded that there was no
difference in mortality whether or not granulocytes were
administered.25 Variability in the numbers of granulocytes
transfused and the use of more effective antibiotic combina-
tions in recent years may account for this discrepancy. Where
available, the transfusion of large numbers of irradiated
granulocytes derived from a cell separator from a patient with
chronic myeloid leukaemia may reduce fever dramatically,
though transiently, in infected patients with neutropenia.26
The infections that occur in recipients of bone marrow
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transplants during the neutropenic phase are similar to those
seen in other neutropenic patients, but the risk of bacterial
infection may remain high even when neutrophil counts
return to normal.?7 Oral antibiotic prophylaxis with phenoxy-
methylpenicillin or co-trimoxazole should, therefore, be
continued for some years-or for life. Cell mediated and
humoral immunity remain depressed for long periods. The
patient is then susceptible to overwhelming viral infections.
The most frequent of these are with the herpes group
viruses,28 although infection with adenovirus-9 and papova-
virus is being reported increasingly often.'e Herpes simplex
infections usually occur within the first months after bone
marrow transplantation. Classically these affect the oro-
pharynx and oesophagus; infections of the central nervous
system are also well recognised. Such infections usually
respond well to acyclovir, but herpes encephalitis still carries
a substantial mortality. Infections with varicella zoster
classically occur between three months and one year after
bone marrow transplantation. Effective symptomatic relief
and clearance of lesions may also be obtained with acyclovir.

Pneumonitis due to cytomegalovirus infection is now the
single most important cause of death in bone marrow
transplant recipients. Preliminary results report some success
in early cases using cytomegalovirus hyperimmune glob-
ulin3'; foscarnet may also prove useful for such patients.32
These preliminary results need to be confirmed, preferably
by randomised trials. Human T cell lymphotrophic virus III
infection has been reported in two patients after bone
marrow transplantation, but no effective treatment is avail-
able.33
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Thus the pattern of infection in neutropenic patients is
altering: a greater proportion of Gram positive infections is
now observed, but bacterial infection overall is becomning a
less important cause of morbidity and mortality. There are
several reasons for this. The duration ofneutropenia is more
predictable, and in most patients peripheral blood counts
recover completely after each course of chemotherapy. The
newer broad spectrum antibiotics are very active against both
Gram positive and Gram negative organisms, and the
increased use of surveillance cultures enables rational treat-
ment with antibiotics to-be given at the onset of fever. It is
still possible, however, that the pattern ofbacterial resistance
to antibiotics may change abruptly in the future. An
important problem not solved is the lack of effective non-
toxic antifungal and antiviral agents. The management of
infection in neutropenic patients will, therefore, continue to
demand our attention for some while.
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