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in 17 patients who received glucose infusions and 30 patients
who received 25 g. of glucose by rapid intravenous injection at
intervals of from 4 to 100 minutes before delivery. After a rise
in maternal blood-sugar concentration, whether induced by
intravenous infusion or by a single injection of glucose, there
was a rise in the foetal blood-sugar and plasma-insulin con-
centration. The rise in the foetal plasma-insulin concentration
could be detected within 20 minutes of a rapid intravenous
injection of glucose ; it rose with time for over an hour, and
60 to 100 minutes after injection reached a mean concentration
which was three times that of the control foetal plasma. This
rise is probably the result of foetal pancreatic stimulation due
to the rise of foetal blood-sugar concentration.

We wish to thank Mr. 0. Lloyd and Miss J. Bottomley for per-
mission to study patients under their care at the Maternity Hospital,
Cambridge, and particularly the labour ward staff for their co-opera-
tion. We are indebted to the staff of the John Bonnett Laboratories,
Addenhrooke's Hospital, who performed the blood-sugar estima-

tions ; to Miss Dalton, of the Department of Human Ecology, Uni-
versity of Cambridge, for guidance in statistical analysis; to the
Department of Photography, Addenbrooke's Hospital, for prepara-
tion of the diagrams ; and to the Royal Society for a grant to one of
us (C. N. H.) during the course of this work. It is a pleasure to
thank Professor F. G. Young for his interest and encouragement.
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Failure to Isolate Viral Agents From Bone-marrows of Children
with Acute Leukaemia*

C. F. PHILLIPS,t A.D.; M. BENYESH-MELNICK,t M.D.; E. H. SEIDELt B.S.; D. J. FERNBACH,t M.D.

Brit. med. Y., 1965, 1. 286-28w

Negroni (1964) recently reported the isolation of a virus from
the bone-marrows of 10 leukaemic patients after serial blind
passages in human-embryonic-kidney cultures. These patients
included children and adults suffering from various types of
leukaemia, both acute and chronic. However, other workers
have failed thus far to isolate cytopathic agents from leukaemic
bone-marrow-cell suspensions employing similar methods.
For example, Girardi et al. (1962) reported on a failure to
isolate viruses from 16 patients with acute lymphocytic
leukaemia and several patients with leukaemias of other types
after serial blind passages of fresh bone-marrow suspensions
in primary human amnion cells and green-monkey-kidney
cells.

Moreover, Berg and Rosenthal (1961), Ang et al. (1962, and
Benyesh-NMelnick et al. (1963) failed to obtain cytopathic
agents from bone-marrow cells obtained from large numbers of
leukaemic patients and propagated in long-term tissue culture.

In view of the discrepancy between these earlier findings and
Negroni's (1964) report we undertook the serial blind passage
of bone-marrow specimens from some of the children with
acute leukaemia who are being studied in this laboratory as
reported by Benyesh-Melnick et al. (1963). The results of
tests with 19 bone-marrow specimens obtained from 17
children with acute leukaemia are described in this com-
munication.

Materials and Methods

Tissue Cultures.-Secondary human-embryonic-kidney tube
cultures were used throughout the study. Monolayers of
primary cells grown in 16-oz. (450-ml.) bottles were treated
with 0.2% trypsin and the resulting cell suspension was spun
at 800 r.p.m. for 10 minutes. Cells were resuspended in
Eagle's medium with 10%/. calf serum and 0.075/ NaHCO3
and seeded in stationary culture tubes at a concentration of

105 viable cells per tube. Monolayers were formed within
three to five days' incubation at 370 C. Eagle's medium with
5% heat-inactivated calf serum (560 C. for 30 minutes) and
0.3% NaHCO, was used for cell maintenance. All media con-
tained penicillin (200 units/ml.) and streptomycin (200 pg/ml.).
Tetracycline was not incorporated in the medium.
Inoculunz.-Bone-marrow aspirates were obtained from the

iliac crest with a dry syringe. The first few drops were used
for smear preparations. Then 5 ml. of aspirate was placed in
a siliconized 15-ml. screw-cap tube containing 0.05 ml. of
heparin (1,000 units/ml.). The tubes were immediately
transferred to the tissue-culture laboratory and allowed to
stand in a vertical position at room temperature for 60 to 90
minutes. The plasma portion containing white blood cells,
platelets, and sometimes a small amount of erythrocytes was
used as inoculum.

Procedure.-Each of four culture tubes was inoculated with
0.1 ml. of the appropriate bone-marrow-cell suspension, after
the medium had been drained. After one hour adsorption at
370 C. fresh maintenance medium was added. All cultures
were maintained at 37° C. In the initial stages of the study
some cultures were held stationary for 14 days and then rolled
on alternate days. Most of the cultures were rolled during the
entire experiment. Maintenance medium was replaced twice
a week after microscopical observation of the cultures. Two
replicate cultures of the four inoculated with each specimen
were held for observation and two were used for passages into

* This investigation was supported by Public Health Service Research
Grants No. CA-04600, CA-03161, and CA-07357 from the National
Cancer Institute, National Institutes of Health, and by Research
Contract PH-43-63-590 from the Virology Research Resources
Branch, National Cancer Institute. The patients studied wvere either
hospitalized in or followed in the Haematology Clinic, Texas
Children's Hospital, Houston, Texas.

t From the Department of Virology and Epidemiology, Baylor University
College of Medicine, Houston, Texas.

t From the Department of Paediatrics, Baylor University College of
Medicine, Houston, Texas.
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fresh cultures. One of two methods was used to pass these

cultures. In some the cell monolayer was treated with 0.2%

trypsin for five minutes at 370 C. The cells were then gently

scraped from the glass, spun at 800 r.p.m. for 10 minutes, and

resuspended in ml. of phosphate-buffered saline in a sterile

cellulose tube. The cell suspension was then treated for 40

seconds at 10,000 kc./sec. in a Raytheon sonic oscillator. The

resulting suspension was inoculated in 0.2-ml. amounts into

four fresh cultures following the procedure described above

for the inoculation of the bone-marrow-cell suspensions. A

second method was used for passage of some of the cultures.

Two replicate cultures were frozen and thawed three times,

the cell debris was removed by centrifugation at 800 r.p.m. for

10 minutes, and 0.2 ml. of the supernatant was inoculated into

each of four human-embryonic-kidney tube cultures. Four to

six serial blind passages were carried out at two-week intervals

with the specimens tested. Two replicate cultures from each

passage level were held for observation until the completion of

all the successive passages. The final passage of each culture

was observed for at least 14 days before the experiment was

concluded. Control cultures from each passage level were

treated and passed in the same way as the inoculated cultures.

Results

Nineteen bone-marrow specimens from 17 cases of acute

leukaemia of childhood were tested (see Table). The patients

ranged in age from newborn to 13 years. The duration of the

illness varied from newly diagnosed to one patient who has

been in our study group for three years. Six of the specimens

Bone-mar-row Specimens Tested in Serial Blind Passages in Human

Embryonic Kidney-cell Cultures

No. of

Bone-

Dia-nosis marrows

Tested/
No. of

Patsents

rUn-

Itreated
Acute Iin
leukaemnia ~ relapse

In remnis-

Ision
Total

Infectious mono-

nucleosis

Idiopathic thrombo-

cytopenia

Milk sample

6/6*

3/3*

10/10

19/17

1/1

1/1

1/1

Patients

Age Range

Newborn-9 yrs.

7 13 yrs.

3-10 yrs.

Newborn-l13yrs.

11 yrs.

13 yrs.

Adult

No. of

Marrows

Tested for

the Following
Number of

Blind

Passages

4 15 16
4

2

8

14

1

1

1

2

4

0

0

0

0

0

0

0

No. of Addi-

tional Bone-

marrows

Propagated
as Long-

Term Tissue

Cultures/
No. of

Patients

5/5

9/2

53/10

67t117

0/1

* One child in each group was tested again when in a state of remission.

t None of the long-term bone-marrow-cell cultures revealed cytopathic agents.

were from patients who had received no chemotherapy. Three

specimens were from patients who had received therapy but

were in relapse, and 10 marrows were taken from patients in

a state of remission. Three other specimens tested and

observed in the same manner include a bone-marrow sample
from a case of idiopathic thrombocytopenia, a bone-marrow

specimen from a patient with infectious mononucleosis, and a

milk sample from the mother of the newborn baby with con-

genital leukaemia. No evidence of cytopathic effect was observed

in any of the cultures throughout the course of the experiment.

Moreover, 67 bone-marrow specimens obtained at other times

from these 17 leukaemic patients (see Table) were successfully

grown in tissue culture, subcultured at least twice, and

observed for prolonged periods of time without any evidence

of cytopathic effect.

A portion of the same bone-marrow specimen used for blind

passages, taken from the patient with infectious mononucleosis,

was placed in tissue culture following the method used in this
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MEDICAL JOURNAL
287

laboratory. Spontaneous lymphoblastoid transformation

(Benyesh-Melnick et al., 1963) was noted after 45 days in

culture. The lymphoblastoid cells are still multiplying after

19 serial transfers.

Discussion

In our studies of acute leukaemia of childhood during the

past three years we have propagated bone-marrow specimens

in tissue culture and observed them closely for any evidence

of viral cytopathic effect. Repeated bone-marrow specimens

are taken from the patients in the study group. In some cases

as many as 14 specimens on the same patient, taken approxi-

mately at monthly intervals and during varying states of

remission or relapse have been successfully grown and sub-

cultured. To date we have grown over 400 specimens obtained

from children with acute leukaemia, children with other

haematological disorders, as well as from healthy control

children. Except for the spontaneous lymphoblastoid trans-

formation described by Benyesh-Melnick et al. (1963), which

was observed in cultures derived from bone-marrows of several

leukaemic children and from marrows of most of the children

with infectious mononucleosis, no cytopathic effect has been

observed in any of these cultures.

On the other hand, bone-marrow samples, obtained from

green or rhesus monkeys and baboons and propagated in culture

in the same manner as the human marrows., revealed a number

of cytopathic agents. We have grown in culture and observed

for prolonged periods of time 22 bone-marrow samples from

seven green monkeys, four samples from four rhesus monkeys,
and 30 samples from 13 baboons. Two of the apparently

healthy green monkeys yielded a cytopathic agent in repeated

bone-marrow cultures derived from samples taken monthly over

a period of six months. The agent, serologically unidentified

as yet, could be serially passed in normal bone-marrow cultures.

The cytopathic effect was characterized by the formation of

multinucleated cells with progressive degeneration of the in-

fected cultures.

In addition, a cytomegalovirus was isolated from one of the

two bone-marrow specimens taken from another green monkey
and propagated in culture. Also a culture derived from a bone-

marrow obtained at necropsy from a newborn baboon yielded

an adenovirus.

Utilizing the same technique, we also have been successful

in the isolation of viruses from cell cultures of kidneys taken

at necropsy from children. As reported by Benyesh-Melnick
et al. (1964), 9 of the 66 children, less than 1 year of age,

yielded cytopathic agents in cell cultures derived from their

kidneys taken at necropsy. These agents were: three cyto-

megaloviruses, three adenoviruses (types 1, 2, and 7), and one

each of measles, varicella, and Coxsackie virus type Bi.

Thus we feel confident that we can recover viral agents in

cultures of cells from either bone-marrow aspirates or organs

obtained at necropsy provided some of the cells carry the agent.

Rowe et at. (1953) demonstrated the advantage of this technique

when they isolated the first adenoviruses from human adenoids

propagated as tissue cultures.

Negroni's findings indicate the isolation of what appears to

be one type of virus from bone-marrow specimens of 10 patients

with various types of leukaemnia. Similarly Murphy and Furtado

(1963) also reported the isolation of one type of virus from

bone-marrow specimens of patients with a wide variety of

diseases. In the later case also, all the isolates were obtained

after serial blind passages in several cell lines of human origin.

The possibility remains in both cases that adventitious agents

could have been present in -the cultures used for blind passage,

or an extraneous agent could have been introduced during the

repeated handling of the cultures. Suspicion that this might

have happened comes from the recent note by Grist and Fallon

(1964) which appeared after the conclusion of the work reported
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here. They found that two of Negroni's isolates had the
properties of mycoplasma (pleuropneumonia-like organism), but
point out that their work does not preclude the possibility of
both a mycoplasma and a virus being present. With the
techniques being employed in our laboratory, neither agent was
isolated from bone-marrow-cell suspensions of children with
acute leukaemia.

Summary

Attempts were made to isolate viral agents from 19 bone-
marrow-cell suspensions obtained from 17 children with acute
leukaemia by means of four to six blind passages in human-
embryonic-kidney cells. Unlike the positive findings reported
by Negroni (1964) on similar material, we were unable to

detect the presence of viral agents in anv of the inoculated cul-
tures or their blind passages.
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Daily Variations in Sputum Volume in Chronic Bronchitis

THOMAS ASHCROFT,* M.B., CH.B.

Brit. med. Y., 1965, 1, 288-290

The volume of sputum expectorated in the first hour after
waking in the morning has been measured in field studies of
chronic bronchitis (Fletcher, Elmes, Fairburn, and Wood,
1959; Elmes, Dutton, and Fletcher, 1959) and has been found
to correlate well with subjective and objective indices of the
subject's condition, but there are surprisingly few references in
the literature on the total volume of sputum produced and the
pattern of its expectoration during the day. The present study
was undertaken to discover the relation of the first-hour volume
to the total volume of sputum produced in 24 hours, and also
the degree of variation in these volumes from day to day.
Since, in epidemiological work, it would be more convenient
to collect sputum over the first half-hour of the day rather than
the first hour, measurements of the volume produced in this
time (half-hour vol.) were also made. In addition, measure-
ments were later made on 10 subjects to establish their pattern
of sputum-production from hour to hour throughout the day.

Methods

Forty-eight male patients took part in the main investigation.
All were in hospital recovering from acute exacerbations of
chronic bronchitis, and all but eight also had either simple or
complicated coal-workers' pneumoconiosis. One subject, with-
out pneumoconiosis, had a bronchial carcinoma in addition to
chronic bronchitis. The subjects were all ambulant, and their
average age was 59.5, with a range of 45-74. Twenty-nine
patients took part in the one-hour series and 31 in the half-hour
series. Twelve took part in both series. Patients were selected
who were free from obvious infection and were producing
mostly mucoid sputum. Each man took part for seven
consecutive days, except for two patients in the half-hour series
who were discharged after four and six days respectively and
three others who took part for eight days.

One-hour and Half-hour Series.-In the one-hour series
patients were awakened at 5 a.m. and all sputum brought up
in the first hour was collected in a standard universal container.

At 6 a.m. this container was exchanged for a fresh one, in
which all further sputum until 5 a.m. the following morning
was collected. If the patient's sputum volume was large, extra
containers were issued during the day as required and the sum
of their contents was taken. In the half-hour series, containers
were exchanged at 5.30 a.m. Sputum volume was measured,
after destroying froth as far as possible by adding a few drops
of capryl alcohol or silicon defrothing agent, by a specially
made rule graduated at 2.5, 5, 10, 15, 20, and 25 ml. The
height of the sputum column to the bottom of any remaining
froth was read off on the scale, reading the first mark below,
and recorded as the middle of the range between this mark
and the next above. The rule was calibrated by measuring the
height of known volumes of water in 10 randomly selected
containers, including the thickness of the bottom of the con-
tainer in the measurement. The mean height at each volume
was then engraved on the scale. The height of a given volume
of water varies surprisingly little between containers in spite
of apparent irregularities in thickness of the sides and bottoms.
Hour-to-hour.-For the hour-to-hour studies a more precise

method was used, as the volumes being measured were often
small. The universal containers were replaced by glass jars
of similar size and shape whose sides and bottoms were very
regular in thickness. Their capacity was such that the height
of the column of sputum could be measured in millimetres
and converted to millilitres by dividing by two. The sputum
was first liquefied by adding a known volume of sodium hypo-
chlorite (approximately 3''%) and shaking. Ten subjects took
part in the hour-to-hour section, four of whom had previously
taken part in the main study. They were awakened at 5 a.m.
on the first morning, and sputum containers were changed
every hour of the day and night, whether they had been used or
not, for the next seven days. Co-operation of the patients was
high and we certainly collected most of the sputum
expectorated.

It was emphasized to the subjects that saliva should be
excluded as far as possible, and the saliva content of the sputum
was generally very small. In the one-hour and half-hour series
its presence in small amounts was ignored, while in the hour-
to-hour series a few specimens which appeared to consist
entirelv of saliva were recorded as zero.

* Medical Research Council, Pneumoconiosis Research Unit, Llandough
Hospital, Penarth, Glamorgan. Present address: University of
Newcastle upon Tyne, Department of Pathology, Royal Victoria
Infirmary, Newcastle upon Tyne 1.
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