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P    aroxysmal nocturnal hemoglobinuria 
(PNH) is an unusual disorder that, in 

its classic form, is marked by the triad of 
intravascular hemolysis (and resulting 
hemoglobinuria), peripheral blood 
cytopenias due to decreased marrow 
function, and intravascular thrombosis, 
often involving unusual anatomic sites.   

The full-blown syndrome 
of classic PNH is rare, but 
more subtle variants of the 
disease are relatively 
common in the setting of 
other disorders of the bone 
marrow, particularly 
aplastic anemia (AA) and 
certain low-risk types of 
myelodysplastic syndromes 
(MDS).1  As such, 

laboratory assessment for PNH has become 
a common tool for the workup of patients 
with Coombs-negative (i.e. non-antibody-
mediated) hemolysis, acquired AA, low-risk 
MDS, unexplained peripheral blood 
cytopenias, or clinically atypical 
thrombosis.1

Initial descriptions in the 19th century 
observed “intermittent hematinuria” in 
affected patients, later found to correlate 
with the in-vitro phenomenon of enhanced 
hemolysis in a weakly acidic environment 

due to a non-antibody mediated process.2  Further work 
revealed that blood cells in patients with PNH are deficient 
in proteins that normally inhibit formation of the 
complement membrane attack complex (MAC), resulting in 
increased susceptibility of red blood cells to complement-
mediated lysis.3

The more basic pathophysiology of PNH involves the 
absence of glycophosphoinositol (GPI) on the cell membrane. 
GPI acts as an “anchor” molecule for the attachment of 
certain proteins (collectively termed GPI-linked proteins) to 
the cell surface.  As a result, affected cells are deficient in all 

PNH is marked  
by intravascular 
hemolysis, peripheral 
blood cytopenias, 
and intravascular 
thrombosis.
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GPI-linked proteins, although only certain 
ones (such as CD55 and CD59 in the case of 
red blood cells) are directly connected to 
observed clinical signs and symptoms.4

Although the disease itself is named for 
the effect of GPI deficiency on red blood 
cells, PNH originates at the level of the 
bone marrow hematopoietic stem cell, and 
therefore blood cells of all lineages are 
affected.3  The fundamental molecular 
lesion of PNH is an acquired somatic 
mutation of the PIG-A gene, which codes 
for the GPI anchor molecule.  

Cells that acquire this mutation also 
appear to acquire a growth advantage over 
normal cells, resulting in the emergence of a 
so-called “PNH clone,” or a subset of 
marrow cells – each derived from the same 
mutated hematopoietic stem cell—that lack 
expression of GPI-linked proteins.  (The 
basic reasons for this growth advantage are 
not entirely clear, and many mechanisms 
have been proposed, including differential 
response of PNH cells to positive and 
negative regulators of cell growth, relative 
resistance of PNH cells to immune 
surveillance within the bone marrow, and 
concomitant activation of genes involved in 
cell growth.2,4)  PNH is often referred to as 
a “clonal but nonmalignant” condition of 
the bone marrow.  The size of the PNH 
clone relative to non-affected cells in the 
blood and bone marrow correlates with the 
presence or absence of classic PNH signs 
and symptoms.2

Clinically, PNH occures in three main forms:

      Classic PNH, with clinically manifest 

hemolysis or thrombosis.  As mentioned 
previously, classic PNH is rare, but is associated 
with the presence of a sizable PNH-type clone 
within the blood and bone marrow, often 
comprising 10% or more of blood cells.   
A review by Parker purports that the threshold 
between subclinical and clinical PNH is reached 
when detectable PNH granulocyte clones reach 
levels of approximately 20 to 25%.3

      PNH-type clones present within the context  

of another defined bone marrow disorder such 
as acquired aplastic anemia (AA) or certain 
low-risk types of myelodysplastic syndromes 
(MDS).  As noted above, the lack of GPI-linked 
proteins may provide a selective advantage to 
PNH-type cells in marrow failure syndromes such 
as AA or MDS.  It is reported that approximately 
50 to 60% of AA patients and approximately 15 to 
20% of low-risk MDS patients harbor some level of 
PNH-type clones using high sensitivity methods.3 
Furthermore, the presence of PNH-type clones in 
both AA and MDS has been associated in some 
studies with increased likelihood of response to 
immunosuppressive therapy.

      Subclinical PNH clones that occupy a small 
percentage of cells in blood and marrow but that 
are not associated with concomitant marrow 
pathology. 
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There has been renewed focus on PNH 
diagnosis in recent years, largely due to the 
development of more sensitive methods for 
detection, favorable responses to immuno-
suppressive therapy in AA and MDS 
patients who harbor PNH clones, and the 
emergence of an FDA approved therapy for 
classic PNH in the form of eculizumab, a 
monoclonal antibody directed against the 
C5 component of the complement cascade, 

and an effective inhibi-
tor of the complement-
induced hemolysis and 
thrombosis character-
istic of this disorder.5 

Historically, PNH 
was diagnosed with 
labor-intensive and 
insensitive tests 

designed to demonstrate enhanced 
susceptibility to complement-mediated red 
blood cell (RBC) lysis.2,6  The sucrose 
hemolysis (or “sugar water”) test exploited 
the tendency of RBCs to absorb 
complement in a low ionic strength 
environment, with subsequent measurable 
complement-induced in-vitro hemolysis in 
samples from affected individuals.  Positive 
sucrose hemolysis tests were often followed 
by an acidified serum (or “Ham’s”) test for 
confirmation, again based on the principle 
that complement binds to RBCs at weakly 
acidic pH.  A fairly sizable PNH clone was 
needed in order to react as positive, and 
positive tests were potentially seen in 
conditions other than PNH.  For these 
reasons, these tests have largely given way 
to flow cytometry-based analyses as a more 
sensitive and specific approach for detection 
of PNH clones.

Flow cytometry is 
remarkably sensitive 
detecting PNH-type 
clones in peripheral 
blood samples.

Flow Cytometric Diagnosis of PNH Using 
Fluorescent-Labeled Aerolysin (FLAER)

Flow cytometry is capable of detecting the presence of a 
PNH-type clone within a peripheral blood sample to a 
remarkable threshold of sensitivity, often detecting clones 
comprising less than .01% (fewer than 1 in 10,000) of total 
cells analyzed.6  After the initial description of the feasibility 
of using flow cytometry of peripheral blood for assessment of 
GPI-linked proteins in the workup of PNH,7 early clinical 
applications focused on assessment of CD55 (decay 
accelerating factor -- DAF) and CD59 (membrane inhibitor 
of reactive lysis – MIRL),8 since both regulators of assembly 
of the complement membrane attack complex (MAC) on the 
surface of RBCs, and both are involved directly with the 
hemolysis characteristic of PNH.  However, subsequent 
studies demonstrated relatively low sensitivity for the 
detection of PNH clones (in both erythrocytes and 
leukocytes) using these two markers, and a lack of consistent 
separation between populations expressing and lacking these 
proteins.6  

Many GPI-linked proteins have been targeted in flow 
cytometric PNH screening, but some markers are less useful 
due to variable expression patterns across the spectrum of 
normal blood cells, or varied levels of expression in different 
stages of ontogeny or activation states of certain blood cell 
types.6  For example, decreased expression of CD16 may be 
seen in immature granulocytes, which may be present in 
circulation due to infection or inflammatory conditions, and 
may lead to a false-positive PNH screen if CD16 is used as a 
primary marker.  Likewise, absence of CD14 may be 
meaningful evidence of loss of GPI-linked proteins on 
mature monocytes but not on monocyte precursors or on 
granulocytes, raising the possibility of false positive PNH 
screens due to suboptimal gating strategies in flow cytometric 
analysis.

In 2000, Brodsky and colleagues advanced the field of 
PNH diagnosis by exploiting the ability of bacterial derived 
aerolysin and proaerolysin to bind selectively and with high 
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affinity to the GPI-anchor itself.9  They 
demonstrated the effectiveness of using a 
fluorescently-labeled aerolysin reagent 
(FLAER) to detect PNH clones.  Since 
then, consensus guidelines have been 
developed by the International Clinical 
Cytometry Society (ICCS) that recommend 
the use of at least two GPI-targeted reagents 
– one preferably being FLAER—in flow 

cytometry-based PNH 
screening.6

For initial 
detection of PNH-type 
populations, screening 
of granulocyte and 
monocyte populations 
is overall more sensitive 
than RBC screening, 

since active hemolysis or transfusion may 
markedly reduce the number of circulating 
RBCs that lack GPI-linked proteins, 
potentially resulting in false-negative PNH 
screens or in the underestimating of PNH 
clone size.4,6  At Warde Medical Laboratory, 
our FLAER-based PNH screen (test code 
PNHF) employs a 5-color, single-tube flow 
cytometry approach that uses antibodies to 
three markers (CD15, CD45, CD64) for 
selection (gating) of granulocyte and 
monocyte populations, and two reagents 
(FLAER and anti-CD157) for detecting 
GPI-deficient (PNH-type) populations.  
This approach is in line with ICCS 
consensus guidelines,6 and the use of CD157 
in particular is a novel approach published 
by Sutherland and colleagues that 
streamlines WBC PNH screening.10  CD157 
is a GPI-linked protein that is consistently 

Figure 1.  Flow cytometry histograms showing  
normal (Type I) cells on CD157/FLAER PNH analysis.  
Neutrophils (green) are selected based on CD15 
expression and side angle light scatter.  Monocytes 
(yellow) are selected based on CD64 expression and 
side angle light scatter.  The selected populations are 
analyzed using FLAER and anti-CD157 reagents, 
demonstrating no cellular events in the FLAER/
CD157-deficient quadrant (lower left) of each gated 
histogram.

expressed at relatively high levels by both granulocytes and 
monocytes, eliminating the need for additional lineage-
specific GPI-linked protein targets, and avoiding the lower 
sensitivity of markers that show lower or more variable levels 
of expression in normal populations.10

This approach to PNH screening allows for the rapid 
recognition of normal (Type I) cell populations (Figure 1), 
partially GPI-deficient (Type II) cell populations (Figure 2), 
or fully GPI-deficient (Type III) cell populations (Figure 3) 
to a threshold of less than 0.01% of total cells analyzed. 

ICCS guidelines 
recommend the  
use of at least two 
GPI-targeted 
reagents. 
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Figure 2.   Flow cytometry histograms showing the 
presence of a type II (partially GPI-deficient) PNH-type 
clone on CD157/FLAER PNH analysis.  Neutrophils 
(green) and monocytes (yellow) each show varied 
levels of deficiency in CD157 expression and binding  
of FLAER.

Figure 3.  Flow cytometry histograms showing the 
presence of a type III (fully GPI-deficient) PNH-type 
clone on CD157/FLAER PNH analysis.  Neutrophils 
(green) and monocytes (yellow) each show distinct, 
clustered populations deficient in expression of  
CD157 and binding of FLAER.
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Summary

The detection of PNH-type cell populations has taken 
on renewed significance with the development of highly 
sensitive flow cytometry-based assays, and with the advent 
of effective therapies for PNH and related disorders.  In 
addition to its usefulness in the workup of Coombs-negative 
intravascular hemolysis  or hemoglobinuria, screening for the 
presence of PNH-type clonal populations in peripheral 
blood has become an important part of the clinical 
evaluation in the setting of unexplained cytopenias, acquired 
AA, low-risk MDS, and atypical patterns of thrombosis.  
For patients undergoing initial evaluation of these 
conditions, the  Warde FLAER-based peripheral blood PNH 
screen (test code: PNHF) offers a rapid, efficient, and highly 
sensitive option.

References

1.	 Parker C, Omine M, Richards S, Nishimura J, et al: Diagnosis and 
management of paroxysmal nocturnal hemoglobinuria. Blood 2005; 
106(12):3699-3709.

2.	 Young NS, Maciejewski JP: Genetic and environmental effects in 
paroxysmal nocturnal hemoglobinuria. J Clin Invest 2000; 
106(5):637-641.

3.	 Parker CJ: Paroxysmal nocturnal hemoglobinuria. Curr Opin 
Hematol 2012; 19:141-148.



6

Utilization and Interpretation of Epstein Barr Virus 
Serologies
William G. Finn, MD, Medical Director, Warde Medical Laboratory

We receive fairly frequent calls 
regarding the interpretation of 

Epstein Barr virus (EBV) antibody panels.  
Although we provide interpretive guidance 
with each panel result, the potential number 

of exceptions to typical 
result combinations may 
be daunting to the 
medical professional 
tasked with using these 
results to plan clinical 
management.1  In many 
(or most) cases of 
suspected acute EBV 
infection, a formal EBV 

serology panel is not necessary for clinical 
diagnosis.2 

Following is a brief and practical review 
of the appropriate use and interpretation of 
EBV – associated laboratory testing.

Initial Workup of Acute Infectious Mononucleosis

The most common EBV-associated illness is acute 
infectious mononucleosis (IM) – a self-limited febrile illness 
most often encountered in adolescents and young adults.  In 
most cases, a full battery of EBV serology is not necessary to 
make the diagnosis of EBV-associated IM, and the 
application of a simple clinicopathologic algorithm will 
eliminate the potential pitfalls inherent in interpreting the 
battery of antibodies assessed in a full EBV serology panel.

If a patient presents with clinical signs and symptoms 
typical of acute IM (for instance, an adolescent or young 
adult with fever, malaise, pharyngitis, enlarged tonsils, and 
cervical lymphadenopathy), then a complete blood count 
(CBC) with a microscopic examination of lymphocyte 
morphology should be performed.  The peripheral blood 
findings of absolute lymphocytosis (absolute lymphocyte 
count in excess of 4 x 109/L in adolescents or adults) --  
or a relative lymphocytosis in excess of 50% of total 
leukocytes—combined with at least 10% of lymphocytes 
showing reactive features (Figure 1) and marked 

The diagnosis  
of acute EBV- 
associated IM in 
most cases does  
not require an EBV 
serology panel.

Figure 1.  Reactive lymphocyte morphology in a patient with acute infectious mononucleosis 
caused by EBV.  The presence of >50% lymphocytes on differential count, marked morphologic 
lymphocyte heterogeneity, and greater than 10% reactive lymphocytes in a peripheral blood 
smear, combined with typical clinical signs and symptoms and a positive heterophile screen, are 
typically sufficient to diagnose EBV-associated infectious mononucleosis.
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heterogeneity of lymphocyte morphology  
classify the patient as having an IM-like 
syndrome. From here, a heterophile screen 
(“Monospot”) may be performed.  The 
heterophile screen (an assessment of 
antibodies directed against EBV but that 
react with certain non-viral substrates) is a 
quick option, often available as an in-office 
test.  If the presenting signs and symptoms 
and peripheral blood morphology support 
an IM diagnosis, and if the heterophile 
screen is positive, then the patient should be 
diagnosed with EBV-associated acute IM, 
and a formal panel of EBV serologies is 
unnecessary.  If the initial heterophile 
screen is negative, but remaining features 
support EBV acute IM, then the heterophile 
screen should be repeated in one to two 
weeks, since it may take some time for the 
heterophile antibody to develop in acute 
EBV infection.  

The above approach will appropriately diagnose over 
95% of adolescents or young adults who have 
EBV-associated acute IM.2  However, a small minority of 
EBV-IM patients will not develop heterophile antibodies, or 
may present with an atypical clinical picture, and additional 
serologies detecting antibodies to specific EBV antigens may 
then be necessary.

Heterophile-Negative Infectious Mononucleosis

For those patients who do not develop heterophile 
antibodies in the setting of an IM-like syndrome, most will 
still have EBV-associated disease, and the diagnosis may be 
aided by assessment of antibodies to a series of 
EBV-associated antigens (Table 1).  The panel generally used 
to assess for EBV infection includes antibodies to the viral 
capsid antigen (VCA) (both IgM and IgG), as well as IgG 
antibodies to early antigen (EA), and Epstein Barr nuclear 
antigen (EBNA).1  Typically, VCA levels (IgM, with or 
without IgG) rise quickly in the first week or two of the 
acute infection, followed closely by a rise in EA IgG.  

Table 1.  Typical serology patterns for antibodies against certain components of Epstein Barr Virus 
(EBV). Note that different variations of these patterns may exist. For example, some individuals 
harbor antibodies to EBV early antigen (EA) for a sustained period of time after acute infection, or 
re-acquire EA antibodies during reactivation infection.  In many or most cases, a formal EBV 
serology panel is not necessary to diagnose acute infectious mononucleosis in patients with typical 
clinical features, typical blood smear morphology, and positive heterophile screen (see text).

No Past Infection Acute Infection Recent Infection Past Infection

IgM Anti-Viral Capsid 
Antigen (IgM-VCA) - + +/- -

IgG Anti-Viral Capsid 
Antigen (IgG-VCA) - +/- + +

Anti-Early Antigen (EA) - -/+ + -
Anti-EBV Nuclear 
Antigen (EBNA) - - - +
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VCA IgM will then generally subside within a month or 
two, while VCA IgG generally remains elevated for life in 
immunocompetent individuals.  The duration of EA IgG 
antibodies is variable. In many individuals EA IgG subsides 
within six months to a year, but EA IgG may remain 
persistently elevated in a subset of individuals, potentially 
complicating the interpretation of serologic results.  EBNA 
IgG is a late-onset antibody, generally appearing at about the 
time VCA IgM antibodies are subsiding, and usually 
indicates that the disease is progressing past the acute phase, 
or acts as evidence of past infection.  

In a very small percentage of patients with IM-like 
symptoms, no evidence of EBV is found.  In these patients, 
non-EBV-associated IM may be considered.  Potential causes 
for IM-like symptoms in EBV-negative individuals are 
summarized in Table 2.2

Summary

In summary, the diagnosis of acute EBV-associated IM 
in most cases does not require an EBV serology panel, and 
potential confusion over the interpretation of a formal EBV 
panel therefore may be avoided.  The appropriate age, 
appropriate clinical signs and symptoms, appropriate 
peripheral blood morphology, and a positive heterophile 
antibody screen are fully sufficient to render a diagnosis.  
However, a more extended serologic workup for 
EBV-associated antibodies may be indicated for patients who 
present with an incomplete set of diagnostic criteria, who 
present with atypical clinical features, for whom reactivation 
infection is suspected, or for whom assessment of previous 
EBV exposure status may be helpful clinically.
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Table 2.   
Infectious agents 
other than EBV 
that may cause 
infectious 
mononucleosis- 
like syndromes.2

Cytomegalovirus

Acute HIV infection  
(at time of seroconversion)

Toxoplasma gondii

Human Herpesvirus-6 (Roseola)

Adenovirus


