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Abstract: We present this rare case of hyperleukocytosis in an extremely premature infant to highlight 
the importance of a thorough investigation, including sources of infection in the mother's history and 
placental pathology report, to determine the cause of hyperleukocytosis in preterm neonates. 

An extremely preterm male infant at 25.1 weeks gestation developed extreme hyperleukocytosis on Day 
of life (DOL) 3, with a peak white blood cell (WBC) count of 146.5 ×109/L on DOL 5. The patient was 
admitted to the NICU due to prematurity, respiratory distress, and suspected sepsis. Laboratory analyses 
were done to exclude sepsis with a leukemoid-like reaction, Down syndrome by karyotype, leukemia, or 
other myeloproliferative disorders. After a meticulous investigation and ruling out the most common 
causes of leukocytosis in preterm neonates, we concluded that the hyperleukocytosis in this extreme 
premature infant was likely caused by maternal chorioamnionitis and fetal funisitis as reported by 
placental pathology.  
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INTRODUCTION  White blood cells (WBC, or Leucocytes) 
have normal laboratory values ranging from 9.0-30.0 
×109/L in neonates [1]. Leukocytosis is defined as an 
increase in the total number of WBC > 30.0 ×109/L in 
neonates. Leukocytosis can result from many reasons, 
such as inflammatory, infectious, malignancy, physiologic, 
or stress responses [2].  
Hyperleukocytosis refers to an increase in the total WBC 
>50.0 ×109/L [1] and can be seen in myeloproliferative 
disorders, leukemias, and leukocyte adhesion deficiency 
disorders [2]. Leukocytosis in preterm infants is common; 
however, extreme hyperleukocytosis of >100.0 ×109/L is 
rare and has not often been described [3].  
 

Hyperleukocytosis can be a diagnostic dilemma for a 
clinical team and can lead to a long series of investigations 
and laboratory studies to determine the cause. Current 
literature shows limited data on hyperleukocytosis in  

 
preterm infants. Few case series were done outside of the 
United States, and there has been little to no report of 
hyperleukocytosis in preterm infants in the United States.   
 

CASE PRESENTATION An extremely preterm male infant 
was delivered by emergency cesarean section due to 
preterm labor (PTL) at 25- and 1/7-weeks’ gestation to a 
27-year-old Gravida 1, Para 1, Hispanic woman. The 
preterm male infant developed severe leukocytosis on the 
day of life (DOL) 3. The mother presented to the labor and 
delivery service in PTL with a bulging amniotic sac with a 
history of breech presentation and spontaneous 
prolonged premature rupture of membranes over 35 
hours. The mother had regular antenatal checkups starting 
at eight weeks of gestation. Prenatal laboratory analysis 
showed; O positive, antibody screen negative, Group B 
Streptococcus (GBS) positive adequately treated, Rubella 
Immune, Rapid plasma regain/Human immunodeficiency 
virus/Gonococcal/Chlamydia/Hepatitis B surface Antigen 
tests, all negative. The mother received antenatal 
magnesium sulfate for prematurity neuroprotection, two 
doses of betamethasone for fetal lung maturity, and three 
doses of Ampicillin for GBS-positive status treatment. The 
pregnancy was further complicated by bacterial vaginosis 
and was treated with Metronidazole but no other  
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significant maternal medical history. Negative maternal 
history of alcohol, tobacco, or recreational drugs. The 
patient characteristics are presented in Table 1. 

The neonate was admitted to the Neonatal intensive 
care unit (NICU) due to prematurity, respiratory distress, 
and sepsis evaluation. Admission chest x-ray was 
consistent with moderate respiratory distress syndrome 
(RDS). The infant's initial blood gas was unremarkable. 
Laboratory evaluation and sepsis workup was done 
(Table 2). Sepsis screening laboratory analyses were 
reassuring, except for complete blood count (CBC).  
 

On DOL 3, WBC increased to leukocytosis, so ampicillin and 
gentamicin were started. The antibiotics were then 
changed to ampicillin and ceftazidime to avoid the 
nephrotoxic effect of long-term use of gentamicin. On DOL 
5, WBC reached their maximum level of 146.5 ×109/L 
(Table 2 and Figure 1) with an LDH of 1220 units/L and a 
normal uric acid level of 3.8 mg/dL. The antibiotics were 
changed again, and the patient was started on 
meropenem due to suspected necrotizing enterocolitis 
(NEC) on DOL 10. The infant was treated for ten days of IV 
antibiotics for suspected septicemia due to 
hyperleukocytosis. Obtained CSF, urine, and blood  

cultures were followed until completion but returned 
negative. 
 

Hematology/Oncology was consulted, and they suspected 
a transient myeloproliferative disorder or exaggerated 
reactive leukocytosis. Fluorescent in-situ hybridization 
(FISH) tests for trisomy 13, 18, 21, karyotype, and 
chromosomal microarray analysis (CMA) were ordered. 
The chromosome analysis and microarray both had normal 
results. Hematology/Oncology ordered a peripheral blood 
smear, showing high WBC, with majorly increased myeloid 
precursors with few immature forms seen; these results 
looked suspicious for infection or possible Coronavirus 
disease 19 (COVID-19) infection, although both baby and 
mother were COVID-19 negatives.  
 

Serial CBCs were done and showed resolving left shift with 
decreasing WBC count of 17.5 ×109/L at DOL 14. Blood and 
urine cultures remained negative throughout the 
hyperleukocytosis period. 
The patient was closely monitored for complications 
related to hyperleukocytosis, showing no organ 
dysfunction, and having normal head ultrasounds at DOL 7 
and 30. 
 

The patient responded well to supportive treatment, 
remained hemodynamically stable, and was successfully 
discharged home with family at DOL 111 with a WBC count 
of 8.1 ×109/L. 
 

 

Gender Male 

Gestational age 25 weeks 1 day 

Delivery route C-section 

Birth weight (g) 930 

Apgar scores  2/2/6/7 

Antenatal steroids Yes 

Respiratory 

distress syndrome 

Yes, Requiring Intubation in the 

OR 

Pathology 

placenta 

Acute chorioamnionitis with 

Funisitis 

COVID-19* Negative 

Cultures  Negative 

 

Table 1. Patient characteristics. 
* (Antigen PCR test and IgG, IgM Antibodies test); (OR-
operating room). 
 

 

Figure 1. The course of white blood cell count (WBC), with a 

peak WBC of 146.5 ×109/L on Day of life (DOL) 5. 

 

0

20

40

60

80

100

120

140

160

DOL 1 DOL 2 DOL 3 DOL 5 DOL 6 DOL 7 DOL 14

White blood cell count ×109/L 



8 

                    Journal of Rare Diseases and Orphan Drugs, V3, 2022 
 

 

DISCUSSION Severe or extreme leukocytosis, defined as 
WBC greater than 100.0 ×109/L, is a rare entity in preterm 
infants. Leukocytosis has been associated with 
hematologic disorders such as myeloproliferative disease, 
leukemia, leukocyte adhesion deficiency, infections, or 
multifactorial inflammatory processes [2-4]. 
Hyperleukocytosis could be a medical emergency. The 
increased blood viscosity, secondary to high WBC count 
and leukocyte aggregates, results in stasis in the smaller 
blood vessels. This predisposes to neurological, 
pulmonary, or gastrointestinal complications [4]. Our 
patient did not develop any apparent complications of 
hyperleukocytosis.  
 

Some of the processes that we must keep in mind when 
evaluating a patient with hyperleukocytosis include 
congenital leukemia (CL), leukemoid reaction, prematurity 
[5], a transient myeloproliferative disease with 
chromosomal abnormalities such as trisomy 21, perinatal 
infections, chorioamnionitis, sepsis, among others [4,5].  
 

Transient myeloproliferative disease (TMD) is a complex, 
multistep process leading to the transient presence of 
blasts of megakaryocytic lineage in the peripheral blood of  
infants with trisomy 21. While some steps in this pathway 
have been elucidated, many remain unknown.  

 

TMD arises during fetal development and hematopoiesis 
[6]. The incidence of TMD in Down syndrome (DS) varies 
depending on the screening practices and diagnostic 
criteria used. Reported incidence rates among infants with 
DS range from 10 to 30 percent [7].   
Our patient's hyperleukocytosis and elevated LDH led us to 
consider TMD and CL.  
 

Congenital leukemia is leukemia that develops in utero. CL 
is extremely rare, usually diagnosed at birth or within 1-
month of life. Incidence is reported to be 1 in 5 million [8]. 
The doubling time of leukemic cells leads to clinically 
evident disease after birth or shortly after that [8]. No 
elevated blasts were found in our patient's blood smear 
and, in addition to the normal chromosomal test, 
prompted us to rule out CL and TMD.  
 

A leukemoid reaction is an increase in WBC that mimics 
leukemia [9]. Still, it may result from various factors, 
including hemorrhage, toxins, infections, medications 
(e.g., betamethasone) [10], or any other non-leukemia 
cause. WBC usually returns to normal when the underlying 
condition is resolved [11]. The incidence of leukemoid 
reaction in the NICU varies from 1.3 to 15% [9]. The lack of 
an apparent cause for this patient's hyperleukocytosis 
prompted us to go back into the mother's chart to look at  

Day of life (DOL) 1 2 3 5 6 7 14 

WBC (×109/L) 21.8 37.3 94.3 146.5 138.2 120 17.5 

Neutrophils (%) 76 52 63 84 62 52 61 

Bands (%) 0 1 2 6 1 5 0 

Lymphocytes (%) 14 22 6 5 6 21 19 

Monocytes (%) 8 22 15 2 14 12 17 

Eosinophils (%) 2 2 2 0 0 0 3 

Blast (%) N/A N/A 3 0 0 5 0 

Metamyelocytes (%) N/A N/A 3 1 1 2 N/A 

Myelocytes (%) N/A N/A 3 2 16 3 N/A 

Promyelocytes (%) N/A N/A 3 0 0 3 N/A 

 

Table 2. Laboratory findings and parameters. 
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the placental pathology results sent after birth. A diagnosis 
of a three-vessel umbilical cord with acute funisitis was 
made along with fetal membranes with signs of acute 
chorioamnionitis, membrane infarction, necrosis, and 
bacterial overgrowth. Placental pathology also showed 
preterm placental parenchyma with a parenchymal 
hematoma and abscess. No placental tissue culture was 
done (this could have yielded the bacterial culprit).  
 

Funisitis is an umbilical stump's inflammation with mild 
drainage and erythema [12]. Funisitis and chorionic 
vasculitis are hallmarks of fetal inflammatory response 
syndrome (FIRS) [12]. FIRS is associated with the 
impending onset of preterm labor, an elevation of IL-6, a 
higher rate of neonatal morbidity, and multi-organ fetal 
involvement [12]. Although we did not check this patient's 
Il-6, there is a high suspicion that the maternal placenta 
was the reason behind this patient's hyperleukocytosis.  
There are several things to consider about the source of 
infection in this case. Although the patient had repetitive 
negative blood, urine, and CSF cultures, it is possible that 
the bacteria causing the infection was unable to grow on 
the specific culture media being used. The patient could 
have had another source of infection that was not 
investigated during his hospital stay. The decision was 
made to treat the infant without a documented source of 
infection, but there is no way to know the outcome of this 
patient if treatment had not been initiated. 
 

Our patient was diagnosed with extreme 
hyperleukocytosis, most likely secondary to acute 
chorioamnionitis with funisitis in an extremely premature 
infant (extremely preterm is defined as <28 weeks of 
gestation, according to the WHO). No hyperhydration, 
leukapheresis, or exchange transfusion was performed. 
WBC level returned to normal levels (<30.0 ×109/L) at DOL 
14.  
  
CONCLUSION Extreme hyperleukocytosis due to 
leukemoid reactions in extremely premature infants are 
rare and have not often been reported. This report 
describes an extremely premature neonate with 
hyperleukocytosis of >100.0 ×109/L, managed with 
antibiotics for suspected sepsis. Based on history, physical 
examination, placental pathology, absence of significant 
anemia and thrombocytopenia, and differential WBC 
count, we diagnosed a leukemoid reaction due to 
chorioamnionitis, placenta abscess, bacterial overgrowth, 
and funisitis. 
We present this rare case of hyperleukocytosis in an 
extremely premature infant to highlight the importance  

 
of a thorough investigation, including infection source in 
the mother's history and placental pathology.   
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