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An asymptomatic 26-year-old woman with mild
macrocytic anemia (11.6 g Hb/dl) was studied. All
biochemical parameters, bone marrow histology
and cytogenetics were normal. The Ham’s and
sucrose tests were negative. A flow cytometric
analysis revealed that CD55 and CD59 staining
was absent in 20% and 21% of the granulocytes,
but erythrocytes and CD34-positive bone marrow
cells were CD55 and CD59 positive.  Seven
months after the initial study, the patient suffered
an episode of hemoglobinuria, with mild anemia,
moderate thrombocytopenia and a weak positive
sucrose lysis test. A new flow cytometric analysis
disclosed an increased percentage of CD55 and
CD59 negative granulocytes and a 25% of erythro-
cytes with an intermediate pattern of fluorescence

after CD59 labelling.  At fourteen months, a popu-
lation of CD55-deficient erythrocytes was detected
and the Ham’s test became positive. The present
report is, to our knowledge, the first case of smol-
dering paroxysmal nocturnal hemoglobinuria in a
patient with no previous aplastic anemia, or evi-
dent pancytopenia. The diagnosis was established
by flow cytometry of peripheral blood granulo-
cytes, with apparently phenotipically normal prog-
enitor cells in an early stage of the disease. Flow
cytometry appears to be a useful tool in our
knowledge of paroxysmal nocturnal hemoglobin-
uria evolution.
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Recently, Nakakuma et al.1 proposed a classifi-
cation of the clinical stages of paroxysmal
nocturnal hemoglobinuria (PNH) based on

flow cytometric analysis (FCA). They define smolder-
ing PNH as a stage where the glycosyl-phospha-
tidylinositol (GPI) anchorage defect may be detect-
ed by FCA in bone marrow (BM) cells and peripher-
al blood leukocytes, but the Ham’s test is negative.

This phenomenon has been recognized by us2

and others3 in patients with aplastic anemia or pan-
cytopenia, where the GPI defect can be detected in
peripheral blood leukocytes without expressing a
full picture of PNH. However, smoldering PNH has
not been described in patients with no previous
bone marrow hypoplasia or evident pancytopenia.
We herein present the clinical evolution of a patient
with mild macrocytic anemia and mild thrombocy-
topenia in whom the FCA disclosed a smoldering
PNH.

Case Report
A 26-year-old woman was sent to our hospital in

February 1996, after an incidental finding of
macrocytosis. She was asymptomatic with no

abnormal clinical findings in the physical exam. The
blood counts disclosed WBC 4.63109/L, with a
normal differential, and platelets 1143109/L. There
was mild anemia with 11.6 g Hb/dL, MCV 106 fL
and 1.1% reticulocytes, and the cytological exami-
nation was normal. All biochemical parameters,
including LDH, ferritin, B12 and folates were nor-
mal. The Ham’s and sucrose tests were negative.
Bone marrow histology and cytogenetics were nor-
mal. The clinical and analytical data are shown in
Table 1.

FCA was performed on peripheral blood granulo-
cytes and erythrocytes. CD55 (clone NaM16-4D3,
Bioatlantic®) and CD59 (clone NaM77-1E5,
Bioatlantic®) staining was absent in 20% and 21%
of the granulocytes. FCA of the erythrocytes was
normal. Bone marrow FCA demostrated a defect of
GPI-linked proteins in mature myeloid cells
(defined by their light scatter properties), being
more prominent on CD55 typing although lacking
a clear separation between positive and negative
populations. Double labelling CD55-FITC/CD34-
PE (CD34: clone 8G12, Becton Dickinson®) and
CD59-FITC/CD34-PE was accomplished in BM
cells. An acquisition gate was placed in the CD34-
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positive, low SSC, and the fluorescence intensity
was analyzed (1,200 events were recorded), with
the result of all CD34-positive cells being positive
for both CD55 and CD59.

The patient was treated with folic acid, and one
month later the hemoglobin rose to 12.2 g/dL.
Seven months after the initial study, the patient
returned complaining of dark urine after an astra-
galous fracture and hemoglobinuria was detected.
Laboratory evaluation is shown in Table 1. The
main abnormalities were mild anemia, moderate
thrombocytopenia and a weak positive sucrose lysis
test. The FCA of peripheral blood revealed an
increased percentage of GPI-deficient granulocytes
and BM myeloid cells. A minor (25%) population
of erythrocytes showed an intermediate pattern of
fluorescence after CD59 labelling (Figure 1).

Fourteen months after the initial study, a new
FCA was performed which revealed a PNH popula-
tion of erythrocytes in CD55 labelling in addition to

R. Forés et al.

Table 1 Clinical and analytical course of the patient.

At diagnosis 7 months 14 months

Clinical findings None Hemoglobinuria None

PB leukocytes (x 109/L) 4.6 4.3 3.6

Platelets (x 109/L) 114 89 81

Ham’s test Negative Negative Positive

Sucrose lysis test Negative Positive Positive

% CD55-ve granulocytes 20 33 41

% CD59-ve granulocytes 21* 33* 39*

% CD55-ve erythrocytes 0 0 26** 

% CD59-ve erythrocytes 0 21** 37**

% CD55-ve BM myeloid cells 49** 65* —

% CD59-ve BM myeloid cells 12* 39* —

% CD34+ve/CD55-ve 0 — —

% CD34+ve/CD59-ve 0 — —

* trimodal histogram. ** population with intermediate pattern of fluores-
cence

Figure 1. Representative flow cyto-
metric histograms from the
patient, at diagnosis (1,3,5) and
seven months later (2,4,6). CD59 on
erythrocytes (1,2) and granulo-
cytes (3,4). CD55 on BM myeloid
cells (5,6) and CD34+ve cells
(8)(the marker M1 indicates the
population CD34+ve/CD55+ve).
Histogram #7 shows CD55 on ery-
throcytes after diagnosis, with an
incipient PNH population.
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previous defects. At this time the Ham’s test
became positive.

Discussion
The present report shows that FCA can detect

smoldering PNH in patients without previous aplas-
tic anemia. In our patient, CD55 and CD59 analy-
sis of peripheral blood granulocytes revealed the
GPI anchorage defect, but this was not detected in
CD34-positive cells.

Our findings are not in contradiction with those
of Nakakuma et al.,3 and the differences can be
explained by methodological differences. This
author analyzed bone marrow mononuclear cells
after a lymphocyte exclusion procedure; we also per-
formed the study on CD34-positive cells because of
some authors4 reported a downregulation of GPI
linked proteins during normal hematopoietic devel-
opment that could complicate the analysis.
However, it is known that it is difficult to collect a
sufficient number of CD34-positive cells in diseases
like PNH. It can be argued that in some patients
with smoldering PNH the molecular defect is pre-
sent in progenitor cells, it cannot be revealed by
FCA in this population, whereas it is easier to detect
in peripheral blood granulocytes, as in our patient.

The presence of affected granulocytes and BM
cells preceded the cytofluorometric detection of
PNH erythrocytes, that appear insidiously in periph-

eral blood and accumulate in quantities sufficient
to be detected by Ham’s test.

In our opinion, the classification proposed by
Nakakuma et al.1 appears to be a useful tool in the
knowledge of PNH evolution, as a result of the pro-
gressive expansion of an abnormal clone. Our
understanding of the evolution of PNH may be
increased by fluorescent cell analysis of peripheral
blood at early stages of PNH, such as the present
case seems to represent. Further studies are war-
ranted to assess the true spectrum of this entity, as
recently reviewed in this Journal,5 and to explain
puzzling manifestations such as the thrombotic
ones.6
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