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Neutrophils with Toxic Granulation Show High
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Abstract. Although blood neutrophils with toxic granulation provide an excellent means of evaluating
acute bacterial infections, the methods are labor-intensive and their reproducibilities depend on the
staining technique and the observer’s judgment. We measured the flavin adenine dinucleotide (FAD)
content of normal neutrophils and neutrophils with toxic granulation by flow cytometry after incubating
them with bis(Zn?*-dipicolylamine) complex. A total of 122 blood samples (78 with neutrophils with
toxic granulation, 44 with normal neutrophils without toxic granulation) were analyzed. The mean
autofluorescence levels of neutrophils in the toxic granulation (+) group and toxic granulation (-) group
were both 1.9 x 103 MESF (mean equivalent soluble fluorochrome) values. However, after incubating
neutrophils with bis(Zn%*-dipicolylamine) complex for 15 min, the mean fluorescence intensities of
neutrophils in the toxic granulation (+) and toxic granulation (-) groups were significantly enhanced by
71-and 19-fold to 138+78 x 103 MESF and 37+37 x 103 MESF, respectively (p <0.001). An MESF cutoff
value of 79 x 103 showed a sensitivity of 93.2% and a specificity of 81.8% for neutrophils with toxic
granulation. Similarly, the MESF level ratio, defined as the ratio of the MESF value after incubation with
bis(Zn2*-dipicolylamine) complex to the autofluorescence MESF value, at a cutoff value of 41, showed a
sensitivity of 92.3% and a specificity of 81.8% for the detection of neutrophils with toxic granulation. The
MESF values of neutrophils after incubation with bis(Zn2*-dipicolylamine) complex did not correlate
with the leukocyte (p >0.05) or neutrophil counts (p >0.05). In conclusion, measurement of FAD
fluorescence intensity in neutrophils by flow cytometry after incubation with bis(Zn%*-dipicolylamine)
complex is an easy, objective, and reliable method of detecting neutrophils with toxic granulation.
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Introduction the reproducibility of detection of neutrophils with

toxic granulation is low, because it depends on

Toxic granules are dark blue to purple intra-
cytoplasmic granules in neutrophils, and are found
during acute bacterial infections or other toxic
conditions [1]. Because total leukocyte counts and
absolute neutrophil counts vary in the presence of
bacterial infections, the presence in neutrophils of
toxic granulation and/or toxic vacuoles provides
valuable diagnostic information [1-8]. However,
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staining quality and observer’s skill [2,3,9]. Hence,
an accurate and objective method is needed to
detect neutrophils with toxic granulation.

Flavin adenine dinucleotide (FAD) is a cofactor
for numerous redox enzymes, such as dehydro-
genases, oxygenases, oxidases, and reductases, in
human cells, including neutrophils, to generate
hydrogen peroxide or superoxide ion that can
damage ingested organisms [10,11]. FAD content
of neutrophils is reduced in some patients with
chronic granulomatous disease, in whom neutrophil
antimicrobial activity is diminished [12].
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Neutrophils with toxic granulation have
prominent azurophilic granules that contain a
variety of antimicrobial enzymes [13]. Therefore,
neutrophils with toxic granulation could contain
FAD than neutrophils without toxic
granulation. However, the FAD content in
individual neutrophils has not been estimated. The
natural autofluorescence of neutrophils is due to
FAD, but it is too weak to allow comparisons of
intracellular FAD levels in neutrophils with toxic

more

granulation versus neutrophils without toxic
granulation [14].

Recently, we developed a new flow cytometric
method to measure the FAD content of blood
eosinophils semiquantitatively using bis(Zn?*-
dipicolylamine) complex [15]. The fluorescence
intensity of FAD was enhanced selectively by more
than 7-fold versus autofluorescence after incubation
with this complex [15]. In the present study, we
used the bis(Zn2*-dipicolylamine) complex to
compare the FAD contents of neutrophils with and
without toxic granulation, and to probe its possible
application as a diagnostic tool to detect neutrophils
with toxic granulation.

Materials and Methods

Seventy-eight patients who had neutrophils with toxic
granulation were studied (Table 1). Of these patients, 8 had

Table 1. Patient characteristics.

Diagnoses No. of Meanage Sex
cases (yr) (M/F)
Toxic granules (+)
Bacterial infections 24 59 1717
Neutrophilia, unknown origin 6 53 2/4
Post-operation 6 50 2/4
Leukemia 23 41 16/7
Cancer 5 67 3/2
Post-HSCT* 10 29 7/3
Other diseases 4 37 1/3
Toxic granules (-)
Bacterial infections 5 61 5/0
Neutrophilia, unknown origin 2 64 2/0
Post-operation 2 44 0/2
Leukemia 1 46 0/1
Post-HSCT* 2 16 1/1
Other diseases 5 40 2/3
Healthy volunteers 27 43 18/9

*Post-HSCT, Post-hematopoietic stem cell transplantation.
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received hematopoietic stem cell transplantation (HSCT), 23
had leukemia, and 24 had bacterial infections including
sepsis. Ten of the HSCT and leukemia patients had recently
received granulocyte colony stimulating factor (G-CSF).
Fifty-one of the patients were male and 32 were female.
Patients ages ranged from 6 to 91 yr (mean 48 yr). The control
group of 44 subjects included 27 healthy volunteers and 17
patients with neutrophils without toxic granulation. Mean
age of the control group was 45 yr (28 male and 16 female).
EDTA-anticoagulated  peripheral  blood

remaining after routine laboratory tests were used within 4 hr

samples

after collection. The samples were stored at room temperature
before use. The study subjects all provided written consent for
the use of their blood samples.

Leukocyte and neutrophil counts were determined using
a hematologic analyzer (XE-2100, Sysmex, Kobe, Japan). The
cutoff point used for neutrophilia in this study was 28.0 x
10/ml, as described in European and American studies of
reference ranges [16,17]. Peripheral blood smears were stained
with Wright's giemsa stain. Morphologic examinations of
peripheral blood smears were performed by two specialists.
Neutrophils with toxic granulation were defined by the
presence of dark blue to purple cytoplasmic granules in the
neutrophils (Fig. 1).

For flow cytometry, 100 pl samples of blood were used.
The erythrocytes were lysed using lysing solution (Becton-
Dickinson, San Diego, CA, USA). After washing with 2 ml of
saline, the cells were fixed and permeabilized using a Cytofix/
Cytoperm kit (BD Pharmingen, San Diego, CA, USA),
according to the manufacturer’s instructions. Then 100 pl of
bis(Zn%*-dipicolylamine) complex (3.33 mmol/L in saline)
was added and cells were incubated at room temperature for
15 min. The cells were washed with the Perm/Wash solution
(supplied with the kit) and they were analyzed using a flow
cytometer (FACSCalibur, Becton-Dickinson, San Jose, CA,
USA) and the CellQuest program (Becton-Dickinson). An
argon-ion laser (488 nm) was used to induce fluorescence,
which was measured at 530 (+10) nm. Neutrophils were gated
using forward scattering (FSC) and side scattering (SSC)
characteristics. Fluorescent microparticles, QuantumTM
FITC medium level (Bangs Laboratories, Fishers, IN, USA),
were run together with the cell samples for comparative
fluorescence analysis. Mean values of fluorescence intensities
were converted to mean equivalent soluble fluorochrome
(MESF) values (QuickCal software, v. 2.3, Bangs Labs).

For statistical analysis, the MESF values of neutrophils
with toxic granulation (toxic granulation (+) group) and
without toxic granulation (toxic granulation (-) group) were
compared using the Students t-test and the Mann-Whitney
U test. Correlations between MESF values of the neutrophils
to other clinical and laboratory findings were analyzed using
Pearson’s correlation test. Values of p <0.05 were considered
significant.

Results

The total leukocyte count in the toxic granulation
(+) group was 16,160+13,807 x 103/pl, which was
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Fig. 1. A neutrophil with toxic granulation (left) found in a patient with sepsis. The cell revealed many dark colored granules after
staining for 5 min. Another neutrophil from the same patient after staining for 4 min (middle) shows only pink granules without
toxic granulation like the normal neutrophil shown on the right (x 1,000).

greater than in the toxic granulation (-) group
(8,300+3,920 x 103/ul, p <0.001) (Table 2). The
neutrophil count in the toxic granulation (+) group
was 8,820+9,330 x 103/pl, which was also greater
than in the toxic granulation (-) group (5,850+2,090
x103/pl, p <0. 01). However, only 38 of the 78 toxic
granulation (+) samples showed neutrophilia
(48.7%); the other 40 samples (51.3%) showed
normal or reduced neutrophil counts. In the toxic
granulation (-) group, 7 of 44 samples (15.9%) had
neutrophilia.

Mean autofluorescence levels of neutrophils in
the toxic granulation (+) and toxic granulation ()
groups were both 1.9 x 103 MESF. However, after
neutrophils were incubated with bis(Zn%*-dipicolyl-
amine) complex for 15 min, the MESF values of
neutrophils in the toxic granulation (+) and (5
groups were significantly enhanced by 71- and 19-
fold, respectively (p <0.001). Furthermore, the
MESF of neutrophils in the toxic granulation (+)
group after incubation with bis(Zn%*-dipicolyl-
amine) complex was 13878 x 103 MESF, which

was significantly higher than in the toxic granulation
(-) group (37437 x 103 MESF) (p <0.001) (Fig. 2).

The MESF value of neutrophils of post HSCT
patients receiving G-CSF whose neutrophils had
toxic granulation was 149+25 x 10> MESF and that
of post-HSCT patients with neutrophils without
toxic granulation and who had not received G-CSF
was 38+25 x 103 MESF (p <0.01).

An MESF cutoff value of 79 x 103 showed a
sensitivity of 93.2% and a specificity of 81.8% for
the detection of neutrophils with toxic granulation.
Similarly, the MESF level ratio, defined as the ratio
of the MESF value after incubation with bis(Zn2*-
dipicolylamine) complex to the autofluorescence
MESF value, at a cutoff value of 41, showed a
sensitivity of 92.3% and a specificity of 81.8% for
detection of neutrophils with toxic granulation.

The MESF values of neutrophils incubated
with bis(Zn?*-dipicolylamine) complex were not
correlated with the total leukocyte count (p >0.05)
or the neutrophil count (p >0.05).

Table 2. Fluorescence intensities of neutrophils in the two groups after incubation with bis(Zn2*-dipicolylamine) complex.

Parameter Toxic granules (+) Toxic granules (-) p
No. of cases 78 44

Sex (M/F) 47/31 28/16

Age (yr, mean + SD) 48 + 20 45 + 16 >0.05
Total blood eukocyte count (x103/p1) 16,160 + 13,807 8,299 + 3,919 <0.001
Blood neutrophil count (x103/pl) 8,815 + 9,331 5,853 + 2,087 <0.01
Fluorescence intensity of neutrophils (MESF) (x103)* 138 + 78 37 + 37 <0.001

*Mean equivalent soluble fluorochrome (MESF) values.
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Fig. 2. After incubation with bis(Zn?*-dipicolylamine) complex for 15 min, neutrophils with toxic granulation showed higher
mean fluorescence intensities (right, file no. FAD0213.008) than neutrophils without toxic granulation (left, file no.
FADO0213.009).
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Discussion

The mean leukocyte and neutrophil counts in the
toxic granulation (+) group were significantly higher
than in the toxic granulation (-) group. However,
more than half of the cases of the toxic granulation
(+) group had normal or decreased neutrophil
counts, and 15.9% of the toxic granulation (-)
group had neutrophilia, which means that only a
limited portion of patients whose neutrophils with
toxic granulation have neutrophilia, and that many
patients whose neutrophils show toxic granulation
have normal neutrophil counts or are even
neutropenic. Furthermore, some patients with
neutrophilia had neutrophils without
granulation. These results show that the presence of
toxic granulation is a separate marker of neutrophil
abnormality.

The origin of toxic granules has been considered
to be related to abnormal neutrophil maturation
with persistence of azurophilic granules [18]. The
azurophilic granules are formed during the
promyelocytic stage and contain many anti-
microbial compounds [13]. Normal bone marrow
granulocyte maturation is associated with
progressive decreases of azurophilic granule
enzymes (myeloperoxidase, defensins, lysozyme,
azurocidin, etc.), and acid mucosubstance.
However, neutrophils with toxic granulation show
abnormal maturation of azurophilic granules with
persistence of the acid mucosubstance that causes
intense staining with the Wright or Romanowsky
stains [13,19]. Therefore, neutrophils with toxic
granulation could contain more FAD than neutro-
phils without toxic granulation. The mean auto-
fluorescence levels of neutrophils with and without
toxic granulation were similar (p >0.05), which
means that FAD content differences between
neutrophils with and without toxic granulation are
undetectable without amplification. However, after
neutrophils were incubated with bis(Zn%*-dipicolyl-
amine) complex (which enhances FAD fluorescence)
for 15 min, fluorescence was significantly amplified
in both groups, but more amplified in the toxic
granulation (+) group. The MESF of neutrophils in
the toxic granulation (+) and (-) groups were
increased 71- and 19-fold, respectively (p <0.001),
which suggests that the neutrophils with toxic

toxic

granulation have more FAD and that this is bound
by bis(Zn?*-dipicolylamine) complex to emit
strong fluorescence. Using this amplification
method, patients that have neutrophils with toxic
granulation can be differentiated from those having
neutrophils without toxic granulation with a
sensitivity of >90% and a specificity of >80%. Both
the absolute MESF values and the MESF ratios
before and after incubation with bis(Zn2+-
dipicolylamine) complex appear to be very useful.

The MESF values of neutrophils of post- HSCT
patients who had received G-CSF, without a
bacterial infection, and whose neutrophils showed
toxic granulation, were much higher than those of
post-HSCT patients who had not received G-CSF,
without a bacterial infection, and whose neutrophils
did not have toxic granulation (p <0.01). This
finding suggests that G-CSF may induce toxic
granules in neutrophils.

The MESEF value of neutrophils after incubation
with bis(Zn?*-dipicolylamine) complex was not
significantly correlated with the leukocyte or
neutrophil counts (p >0.05), which suggests that
the fluorescence intensities of neutrophils after
incubation with bis(Zn2*-dipicolylamine) complex
are a useful marker for the detection of neutrophils
with toxic granulation.

In conclusion, measurement of FAD fluor-
escence intensity in neutrophils by flow cytometry
after incubation with bis(Zn2*-dipicolylamine)
complex is proposed as an easy, objective, and
reliable method of detecting neutrophils with toxic
granulation in patients with infection and in
patients being treated with G-CSF.

References

1. Hutchison RE, Abraham NZ. Leukocytic disorders. In:
Henry’s Clinical Diagnosis and Management by
Laboratory Methods, 21st ed (McPherson RA, Pincus
MR, Eds), Saunders, Philadelphia, 2007; pp 545-598.

2.  Al-Gwaiz LA, Babay HH. The diagnostic value of
absolute neutrophil count, band count and morphologic
changes of neutrophils in predicting bacterial infections.
Med Princ Pract 2007;16:344-347.

3. LiuCH, Lehan C, Speer ME, Smith EB, Gutgesell ME,
Fernbach DJ, et al. Early detection of bacteremia in an
outpatient clinic. Pediatrics 1985;75:827-831.

4. Birdi N, Klassen TP, Auinlan A, Clarke W, Hosking M,
Momy J, et al. Role of the toxic neutrophil count in the



10.

11.

12.

carly diagnosis of Kawasaki disease. ] Rheumatol
1999;26:904-908.

Murray CK, Hoffmaster RM, Schmit DR, Hospenthal
DR, Ward JA, Cancio LC, et al. Evaluation of white
blood cell count, neutrophil percentage, and elevated
temperature as predictors of bloodstream infection in
burn patients. Arch Surg 2007;142:639-642.

Stolz D, Stiilz A, Muller B, Gratwohl A, Tamm M. BAL
neutrophils, serum procalcitonin, and C-reactive protein
to predictbacterial infection in the immunocompromised
host. Chest 2007;132:504-514.

Purcell K, Fergie J. Lack of usefulness of an abnormal
white blood cell count for predicting a concurrent serious
bacterial infection in infants and young children hosp-
italized with respiratory syncytial virus lower respiratory
tract infection. Pediatr Infect Dis ] 2007;26:311-315.
Bonsu BK, Cho M, Harper MB. Identifying febrile
young infants with bacteremia: is the peripheral white
blood cell count an accurate screen? Ann Emerg Med
2003;42:216-225.

Seebach JD, Morant R, Ruegg R, Seifert B, Fehr J. The
diagnostic value of the neutrophil left shift in predicting
inflammatory and infectious disease. Am J Clin Pathol
1997;107:582-591.

Cross AR, Jones OTG. The association of FAD with the
cytochrome b245 of human neutrophils. Biochem ]
1982;208:759-763.

Mayeno AN, Hamann KJ, Gleich GR. Granule-
associated flavin adenine dinucleotide (FAD) is respon-
sible for eosinophil autofluorescence. ] Leukoc Biol
1992;51:172-175.

Ohno Y, Buescher ES, Roberts R, Metcalf JA, Gallin JI.

Reevaluation of cytochrome b and flavin adenine

Flow cyrometry of neutrophils with toxic granulation 119

13.

14.

15.

16.

17.

18.

19.

dinucleotide in neutrophils from patients with chronic
granulomatous disease and description of a family with
probable autosomal recessive inheritance of cytochrome
b deficiency. Blood 1986;67:1132-1138.

Skubitz KM. Neutrophilic leukocytes. In: Wintrobe’s
Clinical Hematology, 10th ed (Lee GR, Foerster J,
Lukens J, Paraskevas F, Greer JP, Rodgers GM, Eds),
Lippincott Williams Wilkins, Baltimore, 1999; pp 300-
350.

Heintzelman DL, Lotan R, Richards-Kertlin RR.
Characterization of the autofluorescence of polymorpho-
nuclear leukocytes, mononuclear leukocytes and cervical
epithelial cancer cells for improved spectroscopic
discrimination of inflammation from dysplasia. Photo-
chem Photobiol 2000;71:327-332.

Rhee HW, Choi HY, Han K, Hong JI. Selective
fluorescent detection of flavin adenine dinucleotide in
human eosinophils by using bis(Zn2*-dipicolylamine)
complex. ] Am Chem Soc 2007;129:4524-4525.

Bain BJ, England JM. Normal haematological values:
sex difference in neutrophil count. Br Med ] 1975;1:306-
309.

Bentley SA, Pegram MD, Ross DW. Diagnosis of
infective and inflammatory disorders by flow cytometric
analysis of blood neutrophils. Am J Clin Pathol 1987;88:
177-181.

Meranze DR, Mendell TH, Meranze T. Cytoplamic
changes in the peripheral neutrophil as an aid in diag-
nosis and prognosis. Am ] Med Sci 1935;189:639-656.
Schofield KP, Stone PCW, Beddall AC, Stuart ]J.
Quantitative cytochemistry of the toxic granulation
blood neutrophil. Br ] Haematol 1983;53:15-22.



