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Abstract
A 768 g female neonate, born at 25 weeks’ gestation, developed sepsis due to methicillin-resistant 
Staphylococcus epidermidis on day 14. Severe thrombocytopenia was observed, and hemophagocyt-
ic macrophages were identified in her peripheral blood smear. Cytokine profiles at the time of on-
set suggested that an inflammatory cytokine storm had activated lymphocytes and macrophages, 
leading to platelet phagocytosis. After administration of vancomycin for 14 days and immunoglobu-
lin therapy, she improved without any complications. Considering the results of cytokine profiles, 
early intervention for infection may have prevented progression to hemophagocytic lymphohistiocy-
tosis and reduced the severity of clinical symptoms.
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Introduction

Thrombocytopenia is one of the most frequent 
hematologic abnormalities in the neonatal period, 
with sepsis being among the most common causes 
of severe neonatal thrombocytopenia. We encoun-
tered a case of an extremely low birth weight infant 
who developed sepsis on day 14 and whose periph-
eral blood smear showed many images of platelet 
phagocytosis by macrophages. To the best of our 
knowledge, this is the first reported case of neonatal 
sepsis with hemophagocytic macrophages identified 
in a peripheral blood smear. We report the patho-
physiology from the perspective of the infant’s cyto-
kine profiles at the time of onset.

Case report

A 768 g female was delivered by emergency ce-

sarean section at 25 weeks’ gestation, due to tocoly-
sis failure. The baby was intubated immediately 
and admitted to our neonatal intensive care unit 
(NICU). Chest radiographic findings were compat-
ible with respiratory distress syndrome, and artificial 
lung surfactant (Surfacten®, Mitsubishi Tanabe 
Pharma, Osaka, Japan) was administered. High-

frequency oscillatory ventilation mode was selected 
as the initial ventilator setting. Empirical antibiot-
ics (ampicillin and gentamicin) were administered 
for 3 days.

On day 14, the patient’s condition wors-
ened. Although the anterior fontanelle was flat and 
there were no abnormal cardiopulmonary findings, 
there was decreased activity and poor skin col-
or. Blood examination revealed an increased in-
flammatory response and severe thrombocytopenia 
(Table 1). No coagulopathy was observed, nor did 
test results meet the diagnostic criteria for neonatal 
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disseminated intravascular coagulation. However, 
many images of platelet phagocytosis by macro-
phages were observed in her peripheral blood smear 
(Figure 1). The patient was diagnosed as having 
clinical sepsis. Because Enterobacter and coagu-
lase-negative staphylococcus were detected in nasal 
culture in the most recent result of once-a-week 
surveillance, these were assumed to be the caus-
ative organisms. She was thus started on intrave-
nous administration of antibiotics (amikacin 8 mg/kg/
day and vancomycin 20 mg/kg/day) and immuno-
globulin therapy (200 mg/kg/day for 3 days). Plate-
let transfusion was also performed for 2 days.

On day 15, the blood culture was positive and 
the causative agent was found to be methicillin-re-
sistant Staphylococcus epidermidis (MRSE), so anti-
biotic therapy was continued only with vancomycin, 
to which the organism was sensitive. After the 
start of medication, her C-reactive protein decreased 
steadily, and her platelet count also improved gradu-
ally (Figure 2). Vancomycin was administered for 
14 days, after which the infection did not recur.

On day 46, the baby was extubated and the ven-
tilation mode was switched to nasal continuous posi-
tive airway pressure that continued for a further 27 
days. She was discharged on day 110 without se-
quelae.

Methods

We measured serum cytokine levels with the 
BioPlex protein array system (Bio-Rad, Alameda, 
CA, USA), as described previously1), using the Bio-
Plex human cytokine 17-plex panel.

The results of cytokine profiles at onset and 12 
hours after onset are shown in Table 2. The cyto-
kine data at onset are before IVIG administration 
and data at 12 hours after onset are after IVIG ad-
ministration. Abnormally high values were ob-
served in 11 items, including tumor necrosis 
factor-α (TNF-α), interleukin (IL)-6, interferon 
(IFN)-γ, IL-2, IL-5, IL-10, IL-17, granulocyte colo-
ny stimulating factor, IL-8, monocyte chemoattrac-
tant protein-1 (MCP-1), and macrophage inflamma-
tory protein-1β (MIP-1β). Among these, levels of 
TNF-α, IL-6, IFN-γ, IL-10, IL-8, and MCP-1 were 
strikingly high, whereas the level of granulocyte/
macrophage colony stimulating factor was not 
high. Reference control values were obtained from 
Takahashi et al1).

Ethics

We obtained informed consent from the pa-
tient’s parents and this study was approved by the 
ethics committee of the Japanese Red Cross 
Musashino Hospital (3090).

Table 1. Laboratory values at the time of onset

Hemogram                                    Blood chemistry

WBC 10.5×103/μL Protein 3.4 g/dL

Segmented neutrophils 39.0%, Albumin 1.5 g/dL

Basophils 2.0%, Total bilirubin 3.6 mg/dL

Lymphocytes 51.0%, Direct bilirubin 0.8 mg/dL

Monocytes 8.0% LDH 250 IU/L

Hemoglobin 12.6 g/dL AST 32 IU/L

Platelets 4×103/μL ALT 30 IU/L

CK 39 IU/L

Coagulation parameters Uric acid 3.6 mg/dL

PT 15.0 sec BUN 40.9 mg/dL

APTT 48.0 sec Cr 0.96 mg/dL

Fib 357 mg/dL Ferritin 315.0 ng/mL

AT-III 41%

D-dimer <0.5 μg/mL

Serological tests Blood bacterial culture

CRP 8.15 mg/dL Staphylococcus epidermidis

WBC : white blood cell, PT : prothrombin time, APTT : activated partial thromboplastin 
time, Fib : fibrinogen, AT-III : antithrombin-III, CRP : C-reactive protein, LDH : lactate 
dehydrogenase, AST : aspartate aminotransferase, ALT : alanine aminotransferase, 
CK : creatine kinase, BUN : blood urea nitrogen, Cr : creatinine
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Discussion

Thrombocytopenia is one of the most frequent 
hematologic abnormalities occurring in the neonatal 
period. It affects about 18-35% of all patients ad-
mitted to the NICU, with sepsis being among the 
most common cause of severe neonatal thrombocy-

topenia2,3). Thrombocytopenia is one of the most 
predictive, independent risk factors for sepsis-asso-
ciated mortality in very low birth weight in-
fants4). It may be due to suppression of hematopoi-
esis or increased consumption and destruction. 
However, the mechanism of thrombocytopenia in 
neonatal sepsis has not been clearly elucidated.

Fig. 1. Images of platelet-phagocytic macrophages in the peripheral blood smear (May-Grun-
wald Giemsa stain, ×400). Arrows indicate phagocytosed platelets in the cytoplasm of the 
macrophages.

Fig. 2. Clinical course of the patient. ● Denotes platelets and ▲ denotes C-reactive protein (CRP).  
AMK : amikacin, IVIG : intravenous immunoglobulin, PC : platelet concentrate, Plt : platelets, 
VCM : vancomycin.
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In the present case, many images of platelet 
phagocytosis by macrophages were observed in her 
peripheral blood smear, and increased destruction 
may have been the cause of her thrombocytope-
nia. The fact that platelets increased steadily after 
only two platelet transfusions likely proved that the 
cause of thrombocytopenia in this infant was not the 
suppression of platelet production.

Cytological evidence of hemophagocytosis is 
usually found in bone marrow films or in biopsies of 
other organs such as lymph nodes, liver, spleen, and 
skin5). The observation of hemophagocytic macro-
phages in a peripheral blood smear is uncom-
mon. Kaga et al.6) reported a neonate with neonatal 
toxic shock syndrome (TSS)-like exanthematous 
disease (NTED) complicated by hemophagocytic 
syndrome (HPS). In this case, the patient did not 
meet the diagnostic criteria of HPS, so-called hemo-
phagocytic lymphohistiocytosis (HLH).7) Compared 

with the cytokine profile measurement groups we 
have reported to date and HLH group (Table 3), this 
infant’s TNF-α was strikingly high, as was her IL-6 
and IFN-γ. In addition, the values of three chemo-
kines, IL-8, MCP-1, and MIP-1β ,  were also 
high. As we reported previously, even extremely 
low birth weight infants can suffer from cytokine 
storms12). Considering the cytokine profile results, 
we speculated that a cytokine storm occurred with 
activation of lymphocytes and excessive and inap-
propriate activation of macrophages, which phagocy-
tose platelets. We could find no further phagocyto-
sis of macrophages in the peripheral blood smear 12 
hours after the onset of the disease. Comparing 
the cytokine profiles at the two times, a significant 
decrease in inflammatory cytokines and chemokines 
occurred over a short period of time (Table 2), which 
may have led to a short stimulation of hemophagocy-
tosis and a good recovery of the infant’s platelet 

Table 2. Cytokine profiles at onset and 12 hours after onset

At time 
of onset

12 hours 
after onset

Control1)

(CB, n=224)
mean±SD

Proinflammatory cytokines (pg/mL)

 TNF-α 2175.78 554.79 2.05±5.18

 IL-1β 5.17 1.59 0.60±6.01

 IL-6 227.53 45.8 4.88±6.96

Th1 cytokines (pg/mL)

 IFN-γ 480.17 357.99 8.34±8.23

 IL-2 56.82 17.56 9.49±12.6

 IL-12 4.14 2.03 3.03±5.56

Th2 cytokines (pg/mL)

 IL-4 1.54 0.56 0.59±3.42

 IL-5 28.81 12.77 0.65±2.24

 IL-10 274.28 104.47 0.99±3.27

 IL-13 0.81 0.56 1.43±7.11

Th17 cytokines (pg/mL)

 IL-17 11.5 5.94 1.97±3.82

Growth factors (pg/mL)

 IL-7 0.77 <OOR 2.10±2.23

 GM-CSF 3.58 1.92 15.1±5.24

 G-CSF 123.27 113.59 10.1±6.93

Chemokines (pg/mL)

 IL-8 872.24 90.79 13.0±3.65

 MCP-1 1563.95 733.29 68.0±2.69

 MIP-1β 1004.82 144.98 222.0±1.75

CB : cord blood, SD : standard deviation, OOR : out of range, TNF : tumor necrosis 
factor, IL : interleukin, IFN : interferon, GM-CSF : granulocyte/macrophage colony 
stimulating factor, G-CSF : granulocyte colony stimulating factor, MCP-1 : monocyte 
chemoattractant protein-1, MIP-1β : macrophage inflammatory protein-1β.
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count.
In adults, detection of peripheral hemophagocy-

tosis is thought to reflect lethal clinical condi-
tions13). In the present infant, although thrombocy-
topenia was severe, her clinical course was not 
serious. In a report of pediatric HLH, IFN-γ and 
IL-10 were highly elevated, and IL-6 was moderate-
ly elevated11). While our infant’s cytokine profiles 
were close to those of HLH, we speculate that she 
did not progress to HLH because inflammatory cyto-
kines were lowered at an early stage due to early in-
tervention for infection. The fact that inflammatory 
cytokines and chemokines were markedly reduced 
in a short period of time, as noted above, also sup-
ports this hypothesis.

In conclusion, this may be the first report of an 
extremely low birth weight infant with severe 
thrombocytopenia during sepsis and platelet phago-
cytosis on peripheral blood smear. When severe 

thrombocytopenia is observed in neonatal sepsis, it 
is important to check the peripheral blood smear 
carefully ;  measurement of the cytokine profile may 
help clarify the pathogenesis of the disease. 
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