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Abstract

Leukemoid reaction complicated by thrombocytopenia is rare, usually seen in patients with
malignant conditions, and is often associated with poor prognosis. Here, the case of a 28-year-
old healthy female without exceptional past medical history, who suffered from severe vaginal
infection, is reported. Although symptoms improved, the white blood cell (WBC) count contin-
ued to increase up to 78460 cells/pl, however, the patient continued to improve and the out-
come was good. The case revealed that an increasing WBC count may not change in synchrony
with clinical symptoms. When faced with this scenario, procalcitonin measurements may play an
important role in differentiating diagnosis and guiding treatment.
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Introduction

Leukemoid reaction, or extreme leukocyto-
sis, is defined as a white blood cell count
that exceeds 40-50000 cells/ul and is not
caused by haematologic malignancies.'
Various cut-offs have been described in
the literature, such as 25 000 cells/ul or 30
000 cells/pl, but most studies abide by the
cut-off criterion of 40000 cells/pl.*>
Leukemoid reaction is a relatively rare
situation, mostly reported in patients with
solid tumours. Other non-tumour causes

include infection, side-effect of corticoste-
roids or haematopoietic growth factors,
severe haemorrhage, or bone metastases
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with necrosis. Most leukemoid reactions are
seen in senior patients and are associated
with a poor prognosis.* Leukemoid reac-
tion in combination with severe thrombocy-
topenia (defined as a blood platelet count
lower than 20 x 10°/1) remains even more
rare. Here, the case of a young woman
who had severe clinical symptoms, leuke-
moid reaction and severe thrombocytope-
nia, and who progressed to a good
outcome in the end, is presented.

Case report

Written informed consent was obtained
from the patient’s next of kin for publica-
tion of this case report and accompanying
images. A copy of the written consent is
available for review by the Editor-in-Chief
of this journal on request.

A 28-year-old, otherwise healthy Chinese
female with no past medical, drug, psycho-
social or family history, was brought into
the intensive care unit of The People’s
Hospital of Guangxi Zhuang Autonomous
Region, Nanning, China, by ambulance on
15 October 2017. She had willingly, accord-
ing the patient, received water-sac induced
labour on 11 October 2017, during her
fourth month of pregnancy, and two days
later she started to experience the following
symptoms: hyperpyrexia, chills, and contin-
uous vaginal bleeding. Although treated
with antibiotics (2 g ceftazidime, every
8 h) she still progressed to shock with a
blood pressure (BP) of only 70/30 mmHg.
The local hospital proceeded with emergen-
cy surgery to eliminate the foetus and pla-
centa. During surgery, the patient sustained
a vaginal injury and gradually fell into a
coma. In order to proceed with rescuing
the patient, she was admitted to the surgical
intensive care unit of the People’s Hospital
of Guangxi Zhuang Autonomous Region.
Her clinical condition at that time was as
follows: hypothermia, on ventilator-assisted
ventilation, undetected BP, coma, vaginal

bleeding, spreading shin cyanosis and
anuria. The patient’s haemoglobin (HDb)
was 7.0 g/dl, platelet count was 6 x 10°/1,
and leucocyte count was 22360 cells/pl
(normal range, 3600-10000 cells/ul), seg-
mented neutrophils were 87.8%, lympho-
cytes 5.37%, monocytes 1.31%, and
eosinophils 0.3%. International normaliza-
tion ratio (INR) and activated partial
thromboplastin time (APTT) were 1.99 and
51 s, respectively. Procalcitonin (PCT) was
50ng/ml (normal range, 0.01-0.1ng/ml),
lactic acid was 8.4mmol/l, HCO; was
12.8 mmol/l and creatinine was 200 pmol/l.

After treatment with fluid resuscitation,
transfusion (fresh frozen plasma, platelets
and suspended erythrocytes), antibiotics
(1.0g meropenem, intravenous drip over
3h, every 8h), human immunoglobulin
intravenous injection, ventilator-assisted
ventilation, continuous venous—venous hae-
mopurification and high dose vasopressor
(3.0 ug/kg/min noradrenaline), she showed
no signs of improvement (coma, anuria, con-
tinuous vaginal bleeding, Hb level decreased
to 3.4g/dl, and lactic acid increased to
12.4 mmol/l). Therefore, an acute hysterecto-
my was performed on 16 October 2017, by
a gynaecologist of the Department of
Gynaecology, The People’s Hospital of
Guangxi Zhuang Autonomous Region.
Following surgery, the patient started to
show signs of improvement: bleeding gradu-
ally stopped, she regained consciousness,
shin cyanosis alleviated, and cycling stability
could be maintained (1.0pug/kg/min nor-
adrenaline; BP, 110/60 mmHg; lactic acid,
4.1mmol/l; and increasing trend in urine
volume). However, the white blood cell
(WBC) count ascended swiftly, up to
78000 cells/ul (Figure 1), and the platelet
count remained very low, fluctuating
between 3 and 28 x 10°/1 (Figure 2), despite
the patient receiving intermittent platelet
infusion.

The patient received a differential diag-
nosis as follows: First, her condition was
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Figure |. Changes in white blood cell count and procalcitonin levels over time (days).
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Figure 2. Changes in platelet count over time
(days).

complicated with haematologic malignan-
cies, such as granulocytic leukaemia.
Second, she was still in severe infection.
Because the patient’s clinical condition
was improved (eating normally, no stomach
ache, energised, had ceased vasopressor
treatment, and lactic acid was staying
within normal range) the patient and her
family refused a bone marrow puncture
and biopsy. So, a peripheral blood smear
was performed, which showed prominent
toxic particles and a lack of juvenile cells,
and showed no evidence of schistocytes or
spherocytes (Figure 3). The patient had no
haemoglobinuria and the free haemoglobin
level was normal. Meanwhile, the PCT level

was rechecked and found to still be at the
highest level (50ng/ml; Figure 1) whereas
the C-reactive protein (CRP) level was low
(50.5mg/l). On the third day of hospital
admission, the local hospital reported that
the blood cluster (previously drawn by the
local hospital) manifested Escherichia coli,
whilst all tests investigating the presence of
pathogen conducted at The People’s
Hospital of Guangxi Zhuang Autonomous
Region were negative. Considering all the
factors mentioned above, the conclusion
was drawn that elevated WBCs were due
to a leukemoid reaction, therefore treat-
ment with 1.0 g meropenem (intravenous
drip over 3 h, every 8 h) was continued.
Another encountered dilemma was
the continuous severe thrombocytopenia,
which fluctuated between low platelet
counts despite intermittent platelet infusion
(Figure 2). The following four hypotheses
were presented, and were tested one-by-
one: first, the existence of antiplatelet anti-
bodies contributed to the low platelet levels
despite valid platelet infusion. The result of
a test for antiplatelet antibodies disproved
this hypothesis. Secondly, thrombocytope-
nia was caused by decreasing pseudo-
platelets, which accounts for 15% of throm-
bocytopenia in clinical settings. In order to
exclude this hypothesis, the clinical
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Figure 3. Representative peripheral blood smear.
Myeloblasts and promyelocytes could not be
detected; myelocytes, metamyelocytes, band neu-
trophils and segmented neutrophils accounted for
2%, 6%, | 1% and 74%, respectively; a large number
of white blood cells, neutrophilic metamyelocytes
and in some granulocytes, toxic granules and vac-
uolar degeneration, could be observed; nucleated
erythrocytes, erythrocytes of varying size, and
dysmorphic erythrocytes could be seen; and a small
quantity of scattered platelets could be seen.

laboratory was asked to check the platelet
count in a different machine and the blood
sample was sent to the Affiliated Hospital
of Guangxi Medical University, Nanning,
China. The laboratory test confirmed that
the platelet count was very low, thus, the
second hypothesis was rejected. Thirdly,
the influence of anticoagulation was consid-
ered. The patient was transferred to the
clinical laboratory where blood was drawn
into a non-anticoagulation tube and tested
within 1 minute following sample collec-
tion. The test result still showed severe
thrombocytopenia. Fourthly, thrombocyto-
penia caused by acute bone marrow haema-
topoietic function stasis was considered.
However, the manifestation of platelet par-
ticles rejected this hypothesis. Therefore,
the final conclusion was drawn that the
patient’s severe thrombocytopenia was
caused by sepsis, via a mechanism that is
not well known, and although the sepsis
had been controlled, the thrombocytopenia
continued.

Since the patient’s clinical condition
improved, the same antibiotic regimen
(meropenem) was continued, and platelet
transfusion was stopped (due to lack of per-
ceptible bleeding). On the fifth day of hos-
pital admission, the PCT level decreased to
35.2ng/ml. On the eighth day, the WBC
count began to decline and on the ninth
day, the platelets started to increase.

On 26 October 2017, although the platelet
count was increasing (145 x 10°/1) and oral
food intake was normal, the patient experi-
enced upper gastrointestinal haemorrhage
for 2 days. On 2 November 2017, she was
discharged from the hospital. During a
follow-up assessment on 2 February 2018,
her blood cell count was as follows: WBC
count was 4900 cells/pl (segmented neutro-
phils 43.6%, lymphocytes 45.4%, monocytes
5.9%, and eosinophils 3.7%), platelet count
was 269 x 10°/1 and Hb was 114g/l. The
patient was followed-up after two years,
and was found to be living a normal life,
working as a nail technician.

Discussion

Leukemoid reaction was first defined
around 70 years ago, however due to its
rare incidence, investigating the pathogene-
sis of leukemoid reaction has remained dif-
ficult. Two retrospective studies have
shown that most leukemoid reactions are
caused by solid tumours,** and the abnor-
mal increase in WBC count may be caused
by abnormal secretion by tumour cells.’
Other non-tumour causes include infection,
a side-effect of corticosteroid treatment or
haematopoietic growth factors, severe hae-
morrhage, and bone metastases with necro-
sis. In clinical settings, a common dilemma
has been the differential diagnosis between
tumour and infection. Conventional
markers, such as CRP, have shown no sta-
tistical significance in previously published
studies,®’ but one study reported that look-
ing for toxic particles in a peripheral blood
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smear may be helpful in providing a differ-
ential diagnosis.® The present author rec-
ommends PCT as a potential and more
accurate marker of sepsis in critically ill
patients. PCT is a 116-amino acid polypep-
tide precursor of calcitonin, produced by
the C cells of the thyroid gland. Healthy
individuals typically have serum PCT
levels less than 0.05ng/ml. In response to
bacterial endotoxins or pro-inflammatory
cytokines, such as interleukin (IL)-6 and
tumour necrosis factor (TNF)-a, various
cell types outside the thyroid gland produce
PCT, resulting in up to a 1000-fold increase.
Higher levels of PCT are associated with
severe sepsis and declining PCT levels are
associated with the resolution of infection.
Previous studies have suggested that detect-
ing serum PCT level may be superior to
previously studied biomarkers for use in
the diagnosis of sepsis, monitoring the
sepsis course and severity, and guiding anti-
microbial therapy.®'' As an important
marker of infection, the elevation of
WBCs is common in sepsis, but the count
is usually lower than 40 x 10°/1, and levels
decrease as infection is brought under con-
trol. In the present patient, WBCs kept
rising, even though her clinical symptoms
improved (stabilizing haemoglobin, and
withdrawal of mechanically-assisted venti-
lation and vasopressors), which the present
author had never before observed during
ten years of clinical practice. The patient
rejected bone marrow aspiration, for rea-
sons not currently understood, and there
was a pressing need to be able to judge
what should be done next. The assessment
of PCT facilitated decision-making in this
circumstance. When confronted with such
a dilemma, the PCT level impacted the pre-
sent differential diagnosis and guided treat-
ment decisions, supporting the extensive use
of antibiotic. At the same time, it seemed
that the WBC increase did not change syn-
chronously with the clinical symptoms. The
patient’s general health improved, while the

WBC count continued to increase. This
may have been due to abnormal secretion
of factors that induce a continuous impact
on WBC generation, or WBC discharge
from peripheral leucocyte cisterna, such as
the spleen. The present case provides evi-
dence that if clinical symptoms have
improved and PCT levels have declined,
although WBC count may have increased
continuously, the clinician may still insist
on initial antibiotic treatment.

Patients with a leukemoid reaction caused
by bacteria are most commonly infected
with the bacillus bacteria, typically seen in
seniors with a tumour. Whereas in young
females undergoing vaginal surgery,
Clostridium sordellii is commonly found,'
which usually causes necrotizing soft tissue
infections and severe clinical symptoms,
such as shock. The patient in the present
case report underwent induced labour and
gynaecological surgery, which was nearly
fatal, but the bacteria causing her severe
infection was determined to be E. coli.
Vaginal infection complicated by leukemoid
reaction is very rare. In two previously
reported cases of vaginal infections compli-
cated by leukemoid reaction,'*'* the WBC
counts were 42900 cells/pul and 64030 cells/
ul, respectively, and the associated patho-
gens were Gram positive and C. sordellii.
Neither case report mentioned the platelet
count. To the best of the present author’s
knowledge, this is the first case report
regarding vaginal infection caused by
E. coli complicated by a leukemoid reaction
and severe thrombocytopenia.

Leukemoid reaction accompanied

by severe thrombocytopenia is rare.
Previous case reports have usually
involved paediatric patients, such as

children with Down’s syndrome contract-
ing a shigella infection, often erupting
simultaneously with organ bleeding.'>'®
Mild thrombocytopenia (platelet count
<150 x 10°/) is common, with an inci-
dence of approximately 14.5%, but
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severe thrombocytopenia (platelet count
<20 x 10°/) is rare.'” As an inflammation
marker, thrombocytopenia is more
common, especially in patients who have
a mild-to-moderate infection. Although
the pathogenesis of thrombocytopenia
remains uncertain, immunological factors
are widely accepted as the main contribu-
tor. In addition, severe thrombocytope-
nia, rather than thrombocytopenia, is
commonly known to have a poor progno-
sis.'® 20 Severe thrombocytopenia is asso-
ciated with a high risk of organ bleeding.
Normally, in patients who are not
experiencing surgery, platelets higher
than 20 x 10°/I without a tendency of
bleeding is permissible, whilst in the
department of surgery, a platelet count
higher than 50 x10°/1 is required in
order to avoid vital organ bleeding.
Oddly, the present patient did not suffer
organ bleeding during the period of severe
thrombocytopenia, whereas upper gastro-
intestinal haemorrhage occurred when the
platelet count was up to 145 x 10°/1, with
normal coagulation function and normal
food intake. This phenomenon is difficult
to explain, and perhaps only occurs occa-
sionally. In the People’s Hospital of
Guangxi Zhuang Autonomous Region
department of intensive care, platelets
are usually not infused due to a shortage
of platelet supply, even when a patient’s
platelet counts fall below 50 x 10°/1, and
most patients do not experience concur-
rent organ bleeding.

A leukemoid reaction usually means
poor prognosis, with a previously reported
mortality rate of 78%, median survival of
12 weeks, and one-year survival rate of
10%.* However, due to an effective diagno-
sis and treatment, the present patient had a
satisfying outcome. Two years of follow-up
showed no sequelae. Following discharge
from hospital, her complete blood count
was checked three times, and the WBC
and platelet counts were within a normal

range, excluding the possibility of leucocy-
themia. The present case report has shown
that the WBC count in patients with a leu-
kemoid reaction can increase up to
80 x 10°/1, and the increased WBC may
still persist even after improvement of the
clinical condition, therefore, it may be
unnecessary to intensify antibiotic treat-
ment. PCT is highly related to infection,
particularly in Gram-negative bacterial
infections. Thus, the present author sug-
gests that if the PCT level begins to
decrease, even if accompanied by an
increased WBC count, clinicians may still
continue the initial treatment. On the
other hand, accompanying leucocythemia
during several days is rarely seen, and
because patients with severe thrombocyto-
penia may have a tendency to bleed, they
might not consent to a bone marrow
puncture.

Conclusion

The present case report included a few diag-
nostic shortcomings: the case lacked bone
marrow puncture and biopsy in order to
exclude a haematological malignancy, and
failed to test the levels of TNF-a and IL-8,
which may have confirmed the pathogene-
sis. The author concludes that in patients
who improve clinically, whilst facing rising
WBC count and severe thrombocytopenia,
which might not be a response to anti-
infection, PCT may play an important
role in differentiating diagnosis and guiding
treatment.
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