
© 2020 The Author(s)
Published by S. Karger AG, Basel

Novel Insights from Clinical Practice

Biomed Hub 2020;5:511388

Infantile Pyknocytosis: End-Tidal CO, 
%Micro-R Measurements, Next-Generation 
Sequencing, and Transfusion Avoidance with 
Darbepoetin
Timothy M. Bahr 

a    Mari C. Knudsen 
b    Michell Lozano-Chinga 

c    
Archana M. Agarwal 

d, e    Jessica A. Meznarich 
c    Robin K. Ohls 

a    
Robert D. Christensen 

a, c    
a

 Division of Neonatology, Department of Pediatrics, University of Utah, Salt Lake City, UT, 
USA; b Pediatric Residency Program, University of Utah, Salt Lake City, UT, USA; c Division 
of Hematology/Oncology, Department of Pediatrics, University of Utah, Salt Lake City, UT, 
USA; d Division of Hematopathology, Department of Pathology, University of Utah, Salt Lake 
City, UT, USA; e ARUP Laboratories, Salt Lake City, UT, USA

Keywords
Hemolysis · Hyperbilirubinemia · Darbepoetin · Next-generation sequencing

Abstract
Infantile pyknocytosis is a rare, self-limited, hemolytic condition of unknown pathogenesis. It 
is diagnosed when a neonate with Coombs-negative hemolytic anemia has abundant pykno-
cytes and a characteristic clinical course after other hemolytic disorders has been excluded. 
Previous reports suggest that transfusions might be avoidable in this condition by adminis-
tering recombinant erythropoietin. We cared for a patient with this disorder where we em-
ployed novel diagnostics and therapeutics. Despite these, and a good outcome free of trans-
fusions, we continue to consider the condition to be idiopathic. © 2020 The Author(s)
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What Is It about?
In this case report, we describe a newborn with infantile pyknocytosis. We took an innovative approach 
to evaluation and treatment using end-tidal carbon monoxide and %Micro-R measurements; and we 
avoided transfusion with weekly darbepoetin administration.
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Established Facts

	• Infantile pyknocytosis, first described in 1959, is a variety of neonatal hemolytic anemia of 
unclear cause. It is self-limited, remitting after 2–6 months. Erythrocyte transfusions are 
usually needed until remission. 

	• Two previous reports of this condition suggest that recombinant erythropoietin administration 
can diminish or prevent the need for erythrocyte transfusions.

Novel Insights

	• Innovative aspects of the present report include: verifying hemolysis by elevated end-tidal CO 
concentration and absent haptoglobin, identifying a population of small hyperdense cells by 
%Micro-R, and avoiding transfusions by weekly darbepoetin until the condition remitted at 2.5 
months of age.

	• All but two of 28 genes screened for a cause were normal. UGT1A1*6 was found, as was a 
heterozygous novel variant in PKLR (1270–15T>G), but we do not believe those explain the 
pathogenesis.

Introduction

The condition termed “infantile pyknocytosis” was initially described by Drs. Tuffy, 
Brown, and Zuelzer in 1959 [1]. They reported 11 neonates with Coombs-negative hemolytic 
anemia during the first few weeks after birth, and concluded that seven of them had this 
variety. All seven had densely stained, distorted, spiculated and contracted erythrocytes – a 
type of contracted burr cell (see Fig. 1) – constituting 5% to up to 50% of their erythrocytes. 
All received serial packed red blood cell transfusions, but the condition remitted spontane-
ously and permanently in all, generally after 2–5 months. 

That initial publication and all subsequent case reports [2–21] did not reveal the cause 
of this condition. Though these accounts are heterogeneous, there are several unifying 
elements: (1) neonatal presentation with Coombs-negative jaundice and anemia, (2) blood 
smears show abundant contracted burr cells (pyknocytes), (3) erythrocyte transfusions are 
generally needed for 2 or 3 months, (4) complete remission with no residual effects.

In caring for a neonate with pyknocytosis, we performed the following novel testing and 
therapy, which we propose adds to the body of knowledge about this condition: (1) end-tidal 
CO measurements, (2) measurements of new erythrocyte parameters Micro-R and HYPO-He, 
(3) next-generation sequencing diagnostic testing, and (4) weekly darbepoetin to prevent 
erythrocyte transfusions. 

Methods

CBC parameters were performed on a Sysmex analyzer (Sysmex Americas, Inc., Lincoln-
shire, IL). The %Micro-R, a measure of microcytosis, is the percent of red blood cells with a 
MCV < 60 fL and the %Hypo-He, a measure of erythrocyte hypochromia, is the percent of red 
blood cells that have a MCH < 17 pg [22, 23]. The hemolytic rate was assessed noninvasively 
by end-tidal carbon monoxide concentration (ETCO; CoSense, Capnia, Inc, Redwood City, CA, 
USA). After 1 week of age, ETCO values are normally < 1.0 ppm [24, 25].
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Next-generation sequencing, targeted gene capture, and library construction were 
performed using HaloPlex as described by the manufacturer (Agilent Technologies, Santa 
Clara, CA, USA) and detailed in our previous reports [26, 27]. 100-bp paired-end sequencing 
was done on a HiSeq 2000 system (Illumina, San Diego, CA, USA). Briefly, DNA was frag-
mented using restriction enzymes and denatured. A probe library was hybridized to the 
targeted fragments. These probes contained a method-specific sequencing motif incorpo-
rated during circularization and a barcode sequence for sample identification. Probes were 
biotinylated and the targeted fragments retrieved with magnetic streptavidin beads for 
sequencing.

Darbepoetin alfa (Aranesp, Amgen Inc, Thousand Oaks, CA, USA) was administered at a 
dose of 10 µg/kg body weight subcutaneously once weekly for 4 consecutive weeks [28]. 

Case Report

This female singleton was delivered vaginally at 27 2/7 weeks gestation, with a birth 
weight of 1,325 g (97th percentile), length 35.5 cm (63rd percentile) and OFC 26 cm (88th 
percentile). Apgar scores were 6 and 7. Delayed clamping of the umbilical cord was not 
performed. Her mother was a healthy 20-year-old G1P0, and was blood group A, Rh positive, 
antibody negative. Parents were non-consanguineous; both of Polynesian descent. The 
mother was treated for chlamydia trachomatis vaginalis prior to delivery, and with intra-
partum antibiotics. Empiric antibiotics were begun on the neonate due to a risk of sepsis asso-
ciated with prolonged rupture of membranes. She had moderate respiratory distress at birth, 
briefly requiring positive pressure ventilation, but was stabilized on nasal CPAP. She was 
weaned to room air by 1 month of age. 

The baby’s blood type was A (+); direct antiglobulin test negative. Two hours after birth, 
she was found to have a normocytic, normochromic anemia (hemoglobin 11.9 g/dL, hema-
tocrit 33%), with a normal RDW 13.9%, and normal platelet (204,000/µL) and leukocyte 
(17,500/µL) counts. 

Fig.  1. Typical pyknocytes from 
this patient and contracted hy-
perdense burr cells.
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Phototherapy was begun on day of life 2 because the total serum bilirubin was 6.8 mg/
dL at 37 h. When phototherapy was stopped 24 h later, the serum bilirubin level rebounded 
rapidly; thus phototherapy was restarted. It was continued intermittently for the next 4 
weeks because of repeated rebound hyperbilirubinemia. 

On day of life 25, further hematological testing was done because of her continued need 
for phototherapy. Findings at that time included: absent serum haptoglobin (< 8 mg/dL; 
below the lower limit of detection), and elevated end-tidal CO (2.3 ppm; normal < 1.0 ppm), 
which were diagnostic of hemolysis. Micro-R (7.3%) and Hypo-HE (16.8%) were both 
elevated, indicating a microcytic, hypochromic process. Her newborn screen was negative for 
hemoglobinopathy both on days of life 2 and 9 (by isoelectric focusing). The blood smear was 
consistent with a diagnosis of infantile pyknocytosis (Fig.  2a). Specific findings included 
marked anisopoikilocytosis, > 25% pyknocytes, polychromasia, and occasional echinocytes 
and microspherocytes. 

With a diagnosis of infantile pyknocytosis, pending evaluation with our 28-gene next-
generation sequencing panel [26, 27], she was treated with darbepoetin (10 µg/k subcutane-
ously once weekly for 4 consecutive weeks) and iron supplementation (4–6 mg/kg/day 
enterally). 

The hereditary hemolytic anemia sequencing panel identified no variants among 26 of 
the 28 genes tested. One mildly pathogenic variant was found in the UGT1A1 (UDP-glucuro-
nosyltransferase) gene and one variant of uncertain significance was identified in the PKLR 
(pyruvate kinase) gene. The heterozygous UGT1A1 variant is known as *6 and is an intronic 
single base pair change (c.211G>A). It results in a mild decrease in bilirubin glucuronidation 
(and subsequent elimination). 

The variant of uncertain significance in the PKLR gene has not previously been reported. 
It consists of the nucleic acid change c.1270–15T>G. This mutation is absent from general 
population databases (Exome Variant Server, Genome Aggregation Database). Computa-

a b

Fig. 2. a Patient’s blood film at diagnosis (day of life 17), showing anisopoikilocytosis, polychromasia, abun-
dant pyknocytes, some hyperdense contracted erythrocytes with irregular boarders but no spicules, and rare 
echinocytes. b Patient’s blood film at outpatient follow-up after clinical resolution of hemolysis (day of life 
87) showing fewer, but still present, abnormal cells.



5Biomed Hub 2020;5:511388

Bahr et al.: Infantile Pyknocytosis

www.karger.com/bmh
© 2020 The Author(s). Published by S. Karger AG, BaselDOI: 10.1159/000511388

tional analysis (Alamut v1.11) predicts it to impact splicing by weakening the nearby canonical 
acceptor splice site. Pyruvate kinase enzyme level, obtained once her PKLR mutation was 
identified, was 11.0 U/g hgb (normal 4.6–11.2).

She was discharged from the hospital on day of life 76 in room air, on oral and gavage 
feedings, with a hematocrit of 33.5%, hemoglobin 10.8 g/dL, MCV 87.2 fL, RDW 20.2%, 
Micro-R 8.7%, reticulocyte count 2.7%, end-tidal CO < 1.0 ppm, and bilirubin 2.1 mg/dL. Her 
peripheral smear contained far fewer pyknocytes. It had been 3 weeks since her last darbe-
poetin dosing. Though she was mildly iron deficient on day of life 20 (reticulocyte hemoglobin 
27.7 pg), she remained on enteral iron supplementation through the hospitalization and 
achieved iron sufficiency by the time of discharge (reticulocyte hemoglobin 32.2 pg). She did 
not receive a red blood cell transfusion during her 76-day hospitalization. 

At outpatient follow-up on day of life 87, she was well and no longer requiring use of a 
gavage tube for enteral nutrition. Her hematocrit was 31.7%, hemoglobin 10.8 g/dL, MCV 
84.8 fL, Micro-R 10.7%, reticulocyte count 2.0%. Her reticulocyte hemoglobin was 34.4 pg, 
suggesting that her iron stores were adequate. Peripheral smear was essentially normal with 
only rare pyknocytes and resolution of polychromasia (see online suppl. Table; for all online 
suppl. material, see www.karger.com/doi/10.1159/000511388; for all laboratory values). 

Discussion/Conclusion

Since 1959, patients with infantile pyknocytosis have been reported from the USA [1, 4, 
20], France [2, 8, 15, 16, 18, 21], Greece [3], Mexico [5], Australia [6], Lebanon [7, 9], Italy [10, 
14, 17], Belgium [11], Israel [12], Brazil [13], and the United Kingdom [19]. Similarities in the 
reported cases are striking; all have pyknocytes on the blood film, all have anemia and jaundice 
that resolves after 2–6 months, and practically all received multiple red blood cell transfu-
sions. To date, no genetic mutations have been identified as causative, thus the pathogenesis 
remains obscure. 

Despite the similarities, differences between reported patients are also striking. Stephan 
et al. [18] and Bobée and Lahary [21], reported cases where Heinz bodies were numerous, 
suggesting involvement of oxidative stress in the pathogenesis. In contrast, Tuffy et al. [1] did 
not find Heinz bodies in any of their seven cases. Most do not have their hemolytic jaundice 
and anemia recognized until at least 1 week or 2 after birth. However, Maxwell et al. [6] found 
evidence of intrauterine hemolysis in two cases. 

Moreover, erythrocytes that are called pyknocytes seem to differ somewhat between the 
various reports. All publications that include blood films illustrate anisopoikilocytosis with 
many hyperdense and irregular shaped erythrocytes but some such cells clearly have spicules, 
like burr cells, while others have spicules that appear contracted and shriveled (pyknocytes, 
see Fig. 1), and still others have small hyperdense erythrocytes with irregular borders but no 
spicules. The percentage of cells called pyknocytes range, in various reports, from about 10% 
of erythrocytes to > 20%. In our patient, the small size of the pyknocytes is quantified clearly 
by the markedly elevated percent Micro-R [23]. It is not clear whether the differences in Heinz 
bodies, age at diagnosis, or cell shapes, represent different stages of the disorder, or different 
underlying pathogenic causes. Lacking better information, it seems likely that pyknocytosis 
may be a feature of several different varieties of Coombs-negative neonatal hemolytic 
disorders.

It is curious that most neonates have an occasional pyknocyte found on their blood film. 
However, pyknocytes are not normally seen in the blood of healthy children or adults [1]. On 
that basis, perhaps this syndrome is the accentuation of a normal birth-associated physio-
logical process. Two other clues to pathogenesis are: first, the condition invariably remits and 
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does not recur, and second the problem is not intrinsic to erythrocytes but is in the envi-
ronment of the erythrocytes. Specifically, Keimowitz and Desforges found that Cr labeled 
donor red cells transfused into these patients became pyknocytes [4]. Tuffy et al. [1] and 
Ackerman [5] reported neonates with pyknocytosis who received exchange transfusion and 
the donor cells became pyknocytes. 

The kinetic cause of this variety of anemia is thought to be hemolytic, on the basis of 
hyperbilirubinemia and reticulocytosis. Our findings of an elevated end-tidal CO and absent 
haptoglobin are supportive of a hemolytic pathogenesis [24, 25]. 

The mainstay of treating neonates with this condition is erythrocyte transfusion. However, 
Amendola et al. [10], Buzzi et al. [14] (of the same group), and Bago et al. [16] tried a different 
approach. They administered recombinant erythropoietin and found that, thereafter, trans-
fusions were not needed. It is peculiar that a hemolytic disorder would be treatable with a 
stimulator of erythroid production, since these patients have a high reticulocyte count. 
Reported reticulocyte counts tend to be in the 4–8% range. We used a novel strategy with 
weekly darbepoetin administration, which kept the reticulocyte > 10% and maintained a 
normal hemoglobin level, thus averting transfusions. 

We utilized a next-generation sequencing panel examining 28 genes known to be involved 
in neonatal hemolytic decoders. We found the results to be interesting but not definitive. No 
variants were identified in 26 of the 28 genes sequenced. We did identify the UGT1A1*6 
variant, c.211G>A. This is a mildly pathogenic variant, associated with diminished UGT1A1 
enzyme levels. It is found predominantly in the East Asian population. Sato et al. [29] reported 
that the *6 variant becomes a risk factor for neonatal jaundice when feedings are inadequate. 
Perhaps the *6 variant is a partial explanation for her prolonged jaundice but does not explain 
her hemolysis or distorted erythrocyte shapes. 

We also identified a heterogenous novel mutation in the gene encoding pyruvate kinase. 
In silico analysis predicts this to be a damaging mutation, likely producing severe pyruvate 
kinase deficiency (OMIM 266,200) if coinherited with another PKLR damaging mutation. 
However, since her pyruvate kinase enzyme level was normal, we maintain that this mutation 
did not contribute to her hemolytic condition.

In conclusion, we cared for a patient with infantile pyknocytosis where the following 
were clarified: (1) the anemia was definitely hemolytic, by elevated ETCO and absent 
haptoglobin, (2) a population of dense microcytes was quantified by an elevated %Micro-R, 
(3) finding the UGT1A1*6 variant might be a partial explanation for her prolonged jaundice, 
(4) her PKLR mutation is not sufficient to explain the phenotype, (5) treatment with darbe-
poetin was associated with transfusion avoidance. Thus, some progress has been made, 
but we still consider infantile pyknocytosis to be an idiopathic and likely heterogeneous 
condition.
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