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Influenza A and the virus associated
haemophagocytic syndrome: Cluster of three cases

in children with acute leukaemia

M N Potter, A B M Foot, A Oakhill

Abstract
At the height of the United Kingdom
influenza A epidemic in December 1989,
three children receiving treatment for
non-T cell acute leukaemia developed
pancytopenia with concomitant influenza
A infection. Bone marrow histology
showed prominent marrow erythro-
phagocytosis by morphologically mature
histiocytes, consistent with the picture of
virus associated haemophagocytic syn-
drome (VAHS). In two cases there was
an initial spontaneous recovery, though
recurrence of VAHS developed in one
case in association with a different viral
infection (cytomegalovirus) following
autologous bone marrow transplant-
ation. The third child died from cardio-
respiratory failure secondary to infec-
tion with influenza A and Klebsiella
pneumoniae sepsis.

It is suggested that influenza A should
be added to the list of infective causative
agents.
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The virus associated haemophagocytosis syn-
drome (VAHS) was first described by Risdall
et al in 1978 in a series of 19 patients with
peripheral blood cytopenias associated with
marrow histiocytosis and haemophagocytosis.'
It occurs most commonly in association with
the herpes group viruses, in particular cyto-
megalovirus (CMV)'2 and the Epstein-Barr
virus (EBV).'-3 Others, including herpes sim-
plex,2 zoster,' adenovirus,' parvovirus4 and the
human immunodeficiency virus,5 have also
been implicated.

Proliferative histiocytosis has also occasion-
ally been described in association with acute
leukaemias2 1'2 and lymphomas2 1'16 in the
absence of documented infection. In acute
lymphoblastic leukaemia (ALL) clinical
features and marker studies have suggested a
predominantly T cell origin, with only one
previous report in common ALL.'0 Most
cases have occurred within six months of the
initial diagnosis of the leukaemia, usually
when the patient is in remission. In most cases
the histiocytosis has progressed rapidly and
been fatal. Some authors attribute this poor
survival to evidence of a malignant histiocytic
process, perhaps with a common stem cell
origin as the original leukaemia.67 It has also
been argued, however, that these cases may
have represented a benign form of VAHS, but
that continuation of chemotherapy with

immunosuppression resulted in an unfavour-
able outcome.'2

Case reports
CASE 1
A 3 year old girl presented with common
ALL (CD 10, CD 19, Tdt and HLA-DR all
more than 95% positive, cytoplasmic p
negative). Treatment began with the United
Kingdom ALL (X) protocol (arm C), but 20
months into treatment she developed an
isolated central nervous system relapse.
Having no donor for allogeneic bone marrow
transplantation, reinduction with an intensive
chemotherapy regimen was started with the
intention of proceeding to autologous bone
marrow transplantation.

Remission was achieved and treatment with
6-Mercaptopurine (6-MP) was began before
bone marrow transplant. Two weeks later she
presented with rhinitis and a productive
cough and on examination she had developed
splenomegaly but had no lymphadenopathy or
hepatomegaly. Serial blood counts over the
next week showed a rapidly progressive pan-
cytopenia with levels falling from normal to a
nadir of haemoglobin at 7-9 g/dl, a white cell
count of 1 0 x 109/1 (neutrophils 0-2 x 109/1),
and a platelet count of 19 x 109/1. A bone
marrow aspirate showed hypocellularity of all
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Bone marrow aspirate of case 1 showing
erythrophagocytosis by an activated macrophage
(May-Grunwald-Giemsa stain).
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three cell lines, histiocytic hyperplasia, and
pronounced haemophagocytosis (figure).

Influenza A was isolated from sputum by
immunofluorescence. No other infectious
agents were identified. Serology for CMV,
EBV, parvovirus and influenza A was negative
in both the acute and convalescent phases of
infection. Treatment with 6-MP was stopped
and blood and platelet transfusions were
required for one week, following which a
repeat marrow aspirate and trephine biopsy
specimen showed an improvement in
cellularity and a reduction in histiocytosis and
erythrophagocytosis. Autologous bone
marrow transplantation, from marrow harves-
ted before maintenance 6-MP started,
proceeded two weeks later. After a bone
marrow transplantation she remained well for
three months with good engraftment and no
evidence of marrow histiocytosis. Subse-
quently, however, she developed a primary
CMV infection with recurrence ofVAHS and
pneumonitis, which proved fatal despite
active treatment with gancyclovir and immune
plasma.

CASE 2
A 6 year old girl presented with common
ALL (CD 10, TdT, CD 19, HLA-DR all
more than 95% positive, cytoplasmic p
negative). Treatment was completed with the
United Kingdom ALL (X) protocol (arm A),
but with considerable haematological toxicity.
Three months after finishing treatment she

relapsed with bone marrow and central
nervous system disease. She was treated in an
identical manner to case 1 but sustained pro-
nounced haematological toxicity. After treat-
ment peripheral blood counts returned to
normal, but harvested marrow showed poor in
vitro growth characteristics. Autologous bone
marrow transplantation was not contem-
plated, therefore, and maintenance 6-MP was
started.
Two weeks later she developed fever and

malaise. There was no evidence of hepato-
splenomegaly, but because of progressive pan-
cytopenia to a nadir of haemoglobin at 8-2 g/
dl, a white cell count of 04 x 109/l (neutro-
phils 0-1 x 109/l), and to platelet count of
15 x 109/l, a marrow aspirate was performed
which showed hypocellularity of all three cell
lines associated with histiocytic infiltration and
erythrophagocytosis.

Presence of influenza A virus was shown by
immunofluorescence in a nasopharyngeal
aspirate, but as in case 1, serological titres
remained negative for this virus and CMV,
EBV and parvovirus.
Maintenance treatment was stopped and

transfusion support required for three weeks
after which partial count recovery occurred:
haemoglobin concentration of 11.1 g/dl, a
white cell count of 1-7 x 109/1 (1-0 x 109/l
neutrophils) and a platelet count of 47 x 109/
1. She restarted continuation treatment with
6-MP and remained well eight months later.

CASE 3
A 2 year old boy presented with acute myeloid

leukaemia (AML) (FAB M2). Treatment with
the Medical Research Council AML (X)
protocol with initial randomisation to dauno-
rubicin, cytosine arabinoside, and 6-
thioguanine was begun. Remission was
achieved after the second course of chemo-
therapy, though following the third course
(M-amsacrine, cytosine arabinoside and
etoposide), there was pronounced toxicity
complicated by Klebsiella pneumoniae sep-
ticaemia.

After recovery, and with normal bone
marrow morphology, the fourth course of
chemotherapy (mitozantrone and cytosine
arabinoside) was started. Ten days later, and
while pancytopenic (haemoglobin 6-0 g/dl,
leucocyte count 0-1 x 109/1, platelet count
30 x 109/1), he became unwell again with
bilateral bronchopneumonia. Klebsiella
pneumoniae was again isolated from blood cul-
tures, and the presence of influenza A virus
was shown by immunofluorescence from a
nasopharyngeal swab. Despite appropriate
antibiotics, Ribavirin nebulisers, and
intravenous immunoglobulins, the patient's
condition deteriorated rapidly and he required
artificial ventilation. Hypotension and signs of
cardiac failure developed despite inotropic
support and he died. Shortly after admission,
an acute fall in haemoglobin concentration of
4 g/dl over 24 hours had occurred but was
unexplained by haemorrhage or haemolysis.
At necropsy the lungs showed evidence of

pneumonic consolidation with alveolar
damage consistent with influenza A infection.
Bone marrow histology showed a hypocellular
marrow, and a pronounced histiocytosis with
prominent erythrophagocytosis.

Discussion
Histiocytic syndromes of childhood include
those of Langerhans' cell origin, previously
described as "histiocytosis-X", and those of
non-Langerhans' cell origin including VAHS
and familial erythrophagocytic lymphohistio-
cytosis." Malignant histiocytosis, first
described and named histiocytic medullary
reticulosis by Scott and Robb-Smith in 1939,18
is also of non-Langerhans' cell origin.
The distinction between a malignant histio-

cytic condition and a benign, reactive process
as in VAHS is difficult because of the lack of an
identifiable clonal marker in most cases,
although a 5q35 chromosome breakpoint has
recently been associated with a few cases of
malignant histiocytosis.'920 Diagnosis of
VAHS, therefore, relies on a specific clinical,
haematological, and histological picture. It is
characterised by a variable depression of the
blood counts associated with histiocytic
hyperplasia and prominent haemophagocytosis
occurring in the setting of an acute infection,
usually in an immunosuppressed patient.'
Clinical findings usually include fever,
lymphadenopathy, and hepatosplenomegaly.
Marrow examination shows infiltration with
morphologically benign histiocytes, with
mature nuclear chromatin, inconspicuous
nucleoli, and abundant cytoplasm. Prominent
erythrophagocytosis is usually evident, though
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phagocytosis of neutrophils and platelets is
often also present. Hypoplasia of erythroid and
myeloid lineages is usual, but megakaryocyte
numbers may be increased. The release of
inhibitory cytokines such as interleukin 1,21
tumour necrosis factor a2 and y-interferon23
from activated histiocytes may account, in part,
for suppression of the marrow. The syndrome
is characteristically self-limiting with reso-
lution within eight weeks. Management con-
sists of supportive measures together with
withdrawal of immunosuppression if possible.'

In contrast, in cases of malignant histio-
cytosis, an underlying acute infection is not
usually found, though occasional reports of
case clustering have occurred and may suggest
such an aetiology.'26 Malignant histiocytes are
typically immature cells with prominent
nucleoli and a higher nuclear:cytoplasmic
ratio.' Haemophagocytosis is said to be less
pronounced and the distribution of histiocytes
may be different from VAHS, with less marrow
but more lymph node infiltration.'
The clinical and histological findings in the

three cases of histiocytosis described are most
compatible with a benign reactive process, and
initial recovery in two ofthe cases also suggests
that it is not a malignant condition. Most of the
reported cases of histiocytosis in association
with acute leukaemia, however, are more
compatible with a diagnosis of malignant
histiocytosis in terms of cell morphology,
distribution, and clinical outcome. Various
explanations for this association have been
proposed including: (i) a common stem cell
origin67; (ii) a second malignancy caused
by initial leukaemia chemotherapy27;
(iii) malignant transformation of histiocytes
after engulfing dying leukaemia cells following
chemotherapy and thus exposure to common
oncogenic agents.'

Alternatively, it is argued that these cases are
in fact examples of VAHS, but that the histio-
cytic reaction becomes overwhelming only
because of continued inappropriate immuno-
suppressive treatment.'2 Jaffe, however, has
postulated that it is macrophage-activating
lymphokines released from neoplastic T cells
that account for the predominant association
between the histiocytic conditions and T cell
origin ALL and lymphomas.'3 Higher concen-
trations of the soluble interleukin-2 receptor in
cases ofchildhood haemophagocytic histiocytic
syndromes4 is further evidence for T cell
activation, which may in some cases have been
in response to a viral infection.

In summary, two of our cases were very
similar in that they followed an intensive
chemotherapy protocol for relapsed common
ALL. Initial recovery occurred in both cases,
though recurrence of VAHS associated with
CMV infection followed autologous bone
marrow transplantation in case 1. Case 3
requlres some caution in interpretation because
the patient was pancytopenic from recent
intensive chemotherapy and also had evidence
of infection with Klebsiella pneumoniae.
Prominent histiocytic hyperplasia with eryth-
rophagocytosis, however, was pronounced in a
trephine necropsy specimen and may have
accounted for an acute drop in haemoglobin

concentration witnessed during his hospital
stay. In all three cases viral serology for
influenza A was negative because ofunderlying
immunosuppression but the virus was isolated
and identified from respiratory tract secretions
by immunofluorescence.
This pathogen has not previously been

associated with VAHS and should be added to
the list of causative agents.
1 Risdall RJ, McKenna RW, Nesbit ME, et al. Virus-

associated haemophagocytic syndrome. Cancer 1979;44:
993-1002.

2 Reiner AP, Spivak JL. Haematophagic histiocytosis.
Medicine 1988;67:369-88.

3 Sullivan JL, Woda BA, Herrod HG, Koh G, Rivara FP,
Mulder C. Epstein-Barr virus-associated haemophago-
cytic syndrome: virological and immunopathological
studies. Blood 1985;65:1097-104.

4 Komp DM, McNamara J, Buckley P. Elevated soluble
interleukin-2 receptor in childhood haemophagocytic
histiocytic syndromes. Blood 1989;73:2128-32.

5 Spivak JL, Bender BS, Quinn TC. Haematologic ab-
normalities in the acquired immune deficiency syndrome.
Am J Med 1984;77:224-8.

6 KarcherDS, Head DR, Mullins JD. Malignant histiocytosis
occurring in patients with acute lymphocytic leukaemia.
Cancer 1978;41:1967-73.

7 Skoog DP, Feagler JR. T-cell acute lymphocytic leukaemia
terminating as malignant histiocytosis. Am J Med
1978;64:678-82.

8 Starkie CM, Kenny MW, Mann JR, Cameron AH, Hill
FGH. Histiocytic medullary reticulosis following acute
lymphoblastic leukaemia. Cancer 1981;47:537-44.

9 Theodorakis ME, Zamkoff KW, Davey FR, Ginsberg SJ,
Cass DL, Gottlieb AJ. Acute non-lymphocytic leukaemia
complicated by severe cytophagocytosis of formed blood
element by non-malignant histiocytosis: cause of sig-
nificant clinical morbidity. Med Paediatr Oncol 1983;
11:20-6.

10 Liu Yin JA, Kumaran TO, Marsh GW, Rossiter M,
Catovsky D. Complete recovery of histiocytic medullary
reticulosis-like syndrome in a child with acute lym-
phoblastic leukaemia. Cancer 1983;51:200-2.

11 Rosner F, Grunwald HW. Association of T-cell acute
lymphoblastic leukaemia and histiocytic medullary
reticulosis. Am JMed 1984;77:910-4.

12 Baer MR, Gleaton JM, Salhany KE, Glick AD. Malignant
histiocytosis occurring with acute myelogenous leukaemia
in a patient with longstanding polycythaemia vera. Cancer
1987;59:489-95.

13 Jaffe ES, Costa J, Fauci AS, Cossman J, Tsokos M.
Malignant lymphoma and erythrophagocytosis simulating
malignant histiocytosis. Am J Med 1983;75:741-9.

14 Rubin M, Rothenberg SP, Panchacharam P. A histiocytic
medullary reticulosis-like syndrome as the terminal event
in lymphocytic lymphoma. Am J Med Sci 1984;
287:60-2.

15 Baer MR, Krantz SB, Cousar JB, Glick AD, Collins RD.
Malignant histiocytosis developing in patients with B-cell
lymphomas. Cancer 1986;57:2175-84.

16 Falini B, Pileri S, De Solas I, et al. Peripheral T-cell
lymphoma associated with haemophagocytic syndrome.
Blood 1990;75:434-44.

17 Favara BE. Histiocytosis syndromes in children-by the
writing group of the histiocyte society. Lancet 1987;i:
208-9.

18 Scott RB, Robb-Smith AHT. Histiocytic medullary
reticulosis. Lancet 1939;ii:194-8.

19 Morgan R, Hecht BK, Sandberg AA, Hecht F, Smith SD.
Chromosome 5q35 breakpoint in malignant histiocytosis.
N EnglJ Med 1986;314:1322.

20 Morgan R, Smith SD, Hewit BK, et al. Lack ofinvolvement
of the c-fms and N-myc genes by chromosomal trans-
location t (2;5) (p23; q35) common to malignancies with
features of so-called malignant histiocytosis. Blood
1989;73:2155-64.

21 Schooley JC, Kullgren B, Allison AC. Inhibition by
interleukin-I of the action of erythropoietin on erythroid
precursers and its possible role in the pathogenesis of
hypoplastic anaemias. Br JHaemarol 1987;67:11-7.

22 Broxmeyer HE, Williams DE, Lu L et al. The suppressive
influences of human tumour necrosis factors on bone
marrow haematopoietic progenitor cells from normal
donors and patients with leukaemia; synergism of tumour
necrosis factor and interferon-y. J Immunol 1986;136:
4487-95.

23 Mamus SW, Beck-Schroeder S, Zanjani ED. Suppression of
normal human erythropoiesis by gamma interferon in
vitro. J Clin Invest 1985;75:1496-503.

24 Martelli MF, Tabilio A, Aversa F, Falini B, Rocchi G. Is
histiocytic medullary reticulosis an infectious disease?
Lancet 1982;ii:446-7.

25 Molyneux ME, Tozer RA, Hutt MSR. Histiocytic
medullary reticulosis in Africa. Lancet 1973;ii:1202-3.

26 Boake WG, Card WH, Kimmey JF. Histiocytic medullary
reticulosis: concurrence in father and son. Arch Intern
Med 1965;116:245-52.

27 Griffin JD, Ellman L, Long JC, Dvorak AM. Development
of a histiocytic medullary reticulosis-like syndrome dur-
ing the course of acute lymphocytic leukaemia. Am JMed
1978;64:851-8.

299


