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ABSTRACT
Primary immunodeficiency is seen in an estimated one in
1200 people, and secondary immunodeficiency is
increasingly common, particularly with the use of
immunosuppresion, cancer therapies and the newer
biological therapies such as rituximab. Delays in the
diagnosis of immunodeficiency predictably lead to
preventable organ damage. Examples of abnormal
pathology tests that suggest immunodeficiency from all
laboratory specialities are given, where vigilant
interpretation of abnormal results may prompt earlier
diagnosis. If immunodeficiency is suspected, suggested
directed testing could include measuring immunoglobulins,
a lymphocyte count and T-cell and B-cell subsets.

INTRODUCTION
The prevalence of primary immunodeficiency (PID)
has been estimated at one in 1200 people based on
telephone surveys in the USA.1 Antibody deficiency
is the diagnosis in approximately 65% of those
with PID.2 Significantly, there are often delays of
many years3 in the diagnosis of PID, and late diag-
nosis increases the risk of chronic organ damage
(eg, correlation between delayed diagnosis of
X-linked agammaglobulinaemia and bronchiec-
tasis4). Infection frequency5–7 and the directly
resultant organ damage8 can be prevented through
appropriate treatment, such as lifelong prophylaxis
using repeated infusions of donor-pooled human
immunoglobulin G.9

Often, but not always, PID presents with recur-
rent infection with familiar pathogens and/or infec-
tion with opportunist or atypical organisms (eg,
Pneumocystis jerovici, giardiasis, atypical mycobac-
teria). Paradoxically, in addition to risk of infection,
PID can also increase the risk of autoimmune dis-
eases, such as immune thrombocytopenic purpura
(ITP), presumably related to immune dysregulation.
Pathology tests undertaken for other reasons may

unexpectedly generate abnormal laboratory results
indicative of possible immunodeficiency. It is
important that pathology laboratory staff across all
disciplines consider primary and secondary
immunodeficiency as a possible explanation in
these cases and this be highlighted on laboratory
test reports for requesting clinicians. This can lead
to earlier diagnosis and treatment, and improved
outcome for patients. We now present a series of
examples of abnormal laboratory results indicative
of possible immune deficiency listed by laboratory
discipline.

Biochemistry testing
▸ Low immunoglobulins: Testing of immunoglo-

bulins can reveal low levels of IgM, IgA and/or

IgG, which may be primary or secondary, and
should not be ignored. The significance of a
selective low IgM is unclear although it can be
associated to ageing, autoimmunity and lympho-
proliferative disease.10 A selective low IgA is
found in many apparently healthy people
although may be associated with autoimmunity,
allergy and an increased frequency of infec-
tions.11–13 A low IgG may well represent signifi-
cant immunodeficiency, especially when
associated to a history of unusual or recurrent
respiratory or gastrointestinal infections.
Reference ranges should be age appropriate, par-
ticularly in early life when transferred maternal
IgG will wane, and endogenous production of
immunoglobulin may not yet have matured.

▸ High immunoglobulins: High immunoglobulin
levels paradoxically may also point to significant
immunodeficiency. In a 1-year period in our
centre, there were 6627 tests measuring IgG, of
which 203 were above 30 g/L (in 79 patients).
Of these 79 patients, 62 had monoclonal para-
proteins and 17 had polyclonal increases in glo-
bulins. Of these 17 patients, one patient had a
new diagnosis of HIV (which is often associated
with gross hypergammaglobulinaemia), four had
autoimmune hepatitis/primary biliary cirrhosis,
two had Sjögren’s syndrome, three were likely
infection related and seven had unclear diagno-
ses. High levels of polyclonal IgG are often
reported as reactive, but in our clinical experi-
ence, very high polyclonal levels (eg, IgG
>30 g/L) should prompt specific consideration
of HIV infection.

▸ Coeliac disease serology: Specific IgA deficiency
is usually a benign disease and is relatively
common with a prevalence of between 1 in 223
and 1 in 1000,14 but with a higher prevalence
(eg, 1 in 39) in coeliac disease.15 Specific IgA
deficiency may be diagnosed following sero-
logical testing for coeliac disease by the finding
of a low background IgA concentration, and a
low or absent IgA may result in a falsely negative
result on IgA-based coeliac assays (eg, IgA anti-
tissue transglutaminase assay (IgA TTG)) necessi-
tating additional testing by less sensitive and
specific IgG-based assays. Low background
optical density on the IgA TTG assay or a low
background staining on antiendomysial IgA
testing16 17 should lead to the suspicion of IgA
deficiency. In our laboratory, 1 in 190 routine
samples have a low background IgA TTG
(unpublished data using an optical density
cut-off of <0.06 on the Quantalite Rh tTG IgA
ELISA, INOVA Diagnostics, San Diego) suggest-
ive of IgA deficiency, and we would therefore
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measure their IgA concentration. Some IgA-deficient patients
will also have deficiencies of other immunoglobulin classes,
and we therefore advocate checking levels of IgM and IgG in
those with confirmed IgA deficiency. We have diagnosed
several patients with pan-hypogammaglobulinaemia via this
route of laboratory testing.18

▸ Total IgE: Similarly to a low IgA, a very low or absent total
IgE level can be an incidental finding when investigating
patients for possible allergy. Very low total IgE (eg, <2 inter-
national units) may represent antibody deficiency in an esti-
mated 7% of those with a very low IgE.19 Screening of these
samples by testing of other immunoglobulin isotypes is
worth consideration and has led to new diagnoses of signifi-
cant antibody deficiency.19

▸ Serum-free light chains (SFLC): SFLCs are tested in the
investigation of possible B-cell clonality and amyloidosis.
Abnormal levels or ratios of κ/λ light chains are normally the
result of increased clonal production of one or other of the
light chains and suggest B-cell malignancy. However, PID
involving B-cell dysfunction may also result in non-clonal
abnormal ratios of κ/λ light chains with levels of light chains
typically very low.20

▸ Serum globulin gap: Serum globulin forms approximately
40% of total immunoglobulins.21 The globulin gap is an esti-
mate of the serum globulin value and can be calculated by sub-
tracting the serum albumin from the serum protein. The
globulin fraction can be reduced in antibody deficiency
because immunoglobulins make a major contribution to the
total globulin value. Follow-on measurement of IgG concen-
tration for patients found to have a low globulin gap uncov-
ered many patients with a low IgG concentration (eg, 89% of
patients with a globulin gap <18 g/L had an IgG <6 g/L).22

▸ Serum protein electrophoresis (SPE): SPE is primarily a test
looking for clonal production of antibody in the investigation
of suspected multiple myeloma and is performed without
testing immunoglobulin A, G and M levels in some centres.
As well as increased levels of globulins, SPE may reveal a
reduced gamma globulin region (hypogammaglobulinaemia)
indicating possible antibody deficiency or, indeed, a light-
chain clonal disorder (which is often not detected on SPE)—
see figure 1 below. A reduced gamma globulin zone on SPE
should prompt an immunofixation for a light-chain clonal
disorder, and measurement of IgG, IgA and IgM to make the
diagnosis of antibody deficiency.

Haematology testing
▸ Lymphocyte count: Persistent unexplained lymphocytopenia

is often ignored, but may be a key clue suggesting PID23

particularly in the first few months of life. Severe Combined
Immune Deficiency (SCID) often leads to pan-

lymphocytopenia, but selective deficiencies in one or other
subset (eg, T-cell deficiency or selective CD4 T-cell defi-
ciency) can be masked within a normal total count. A low
lymphocyte count may be a primary or secondary phenom-
enon and may indicate significant immune suppression
(including HIV infection) and should prompt investigation of
the underlying cause. If a cause cannot be ascertained then
consideration should be given to measuring T/B-cell lympho-
cyte subsets to exclude SCID (especially in young children)
and immunoglobulins. In the first few months of life, IgG
levels are a result of transferred maternal IgG in the late
stages of pregnancy. It should be noted that the reference
ranges of lymphocytes should be age appropriate and in
babies/infants, are significantly higher than in adults.24 The
unwary may unwittingly interpret a lymphocyte count as
normal in an infant as it is within the normal adult reference
range, when it is, in fact, very low for age.

▸ Monocyte count: Monocytopenia has recently been recog-
nised within a new PID caused by GATA-2 deficiency25

involving a predisposition to human papilloma virus and/or
atypical mycobacterial infection, and high risk of myelodys-
plasia and acute myeloid leukaemia. Although this condition
is likely extremely rare, a persistently absent or very low
monocyte count may indicate this condition and should not
be ignored.

▸ Platelet count: ITP has an estimated incidence of 2 in
100 000 adults26 and can be a presenting feature of
primary27 or secondary28 immunodeficiency. Similarly, auto-
immune haemolytic anaemia and autoimmune neutropenia
can be presenting features of immunodeficiency.23 In add-
ition to considering lupus and other plausible autoimmune
pathologies for cytopenias, HIV and PID diagnoses, such as
common variable immune deficiency (CVID) should also
enter the differential. CVID is the most common clinically
significant PID with a prevalence of around 1 in 25 000.29

ITP was present in 6% of patients with CVID in one study.30

Quantification of serum immunoglobulins in cases of ITP is
advised in published guidance31 to exclude antibody deficien-
cies such as CVID.

▸ Platelet volume: Platelet volume is measured in the normal
processing of a full blood count but is usually not reported.
Individual low platelet volume is strongly suggestive of
Wiskott–Aldrich syndrome. Although this syndrome is
extremely rare and nearly always in male children (eg, 1–10
cases per million live births32), the finding of a low platelet
size should prompt consideration of this diagnosis.

Blood transfusion testing
▸ Reverse cross-match: Routine erythrocyte cross-matching is

based on serological techniques (haemagglutination) using
monoclonal antibodies to determine ABO blood type. A

Figure 1 Serum (capillary zone)
protein electrophoresis of a normal
control (A) showing albumin, α1, α2,
β1, β2 and γ peaks, and from a
patient (B) with
hypogammaglobulinaemia with a
reduced γ peak.
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confirmatory ‘reverse group’ may be performed by adding
patient serum to a defined panel of donor red cells with
known ABO blood group. Patient serum should contain
‘natural’ anti-A and anti-B antibodies (also called isoaggluti-
nins) in predictable patterns which correlate to the cell group
(eg, patient with blood group A will have natural B anti-
bodies, but no natural A antibodies). Screening by this
method will detect IgM antibodies preferentially (IgG
antibodies are poor agglutinators of red cells). In the
presence of antibody immunodeficiency, this ‘reverse group’
may fail, indicating a lack of anti-A/B IgM type antibodies.
This is commonly found in the young (as babies do not
make natural A and B antibodies until approximately
3 months of age) and the old, and may indicate significant
and treatable immunodeficiency in some situations. IgM
levels do normally fall in old age,33 but not to the extent
they are undetectable. Consideration should be given to
quantifying immunoglobulins in patients (over the age of
3 months) if they have an unexpected non-reactive reverse
group. However, many patients such as those in oncology or
haematology clinics may well have an expected failure of the
‘reverse group’.

Genetics testing
▸ Cytogenetics testing: This test is often performed in infants

with failure to thrive or babies with syndromic features
looking for chromosomal abnormalities, although it is start-
ing to be replaced by other test modalities. The cytogenetics
test involves non-antigen-specific mitogenic (eg, phytohaem-
agglutinin) stimulation of lymphocytes, causing quiescent
cells to undergo mitosis, so metaphase chromosomes can be
obtained for analysis. These metaphase chromosomes are
then easier to visualise. A failed test may indicate a numerical
or functional T-cell deficiency. A real possibility here is the
diagnosis of SCID, where delayed diagnosis, and failure to
proceed to early bone marrow transplant may unfortunately
lead to life-threatening infections (eg, Epstein–Barr virus
(EBV), cytomegalovirus (CMV), or disseminated life-
threatening infection from normally benign live vaccines
including polio or Bacillus Calmette–Guerin). A failed test
should prompt consideration of repeat cytogenetics testing
with parallel lymphocyte subset analysis.34

Microbiology/virology testing
▸ Specific vaccine responses: Patients with PID respond poorly

to routine vaccinations. When these vaccines contain live
organisms, they carry significant risk of disease to patients
with PID. Failed vaccine responses, especially when global,
are suggestive of antibody immunodeficiency. A clinical
episode of measles in a patient previously fully vaccinated,

seronegativity in a patient previously vaccinated showing a
failure of vaccine response (although failure to respond to
Hepatitis B vaccination is found in 10%–15% of the popula-
tion35) or negative varicella zoster virus or EBV antibody
results in adults should raise suspicion. Primary vaccine
failure rates are thought to be relatively low for Rubella
(<8%)36 for example, so seronegativity in pregnant women
who have been vaccinated may be another presentation of
immunodeficiency and should trigger consideration of quan-
tifying immunoglobulins and lymphocyte subsets.

▸ Unusual/recurrent positive cultures: Certain infections are
associated with particular immunodeficiencies.2 37 For
example:
– Antibody deficiencies:

○ Recurrent infection of the upper and lower respiratory
tract with encapsulated organisms such as Streptococcus
pneumoniae andHaemophilus influenzae.

○ Gastrointestinal infection with Giardia lamblia and
Campylobacter jejuni.

– T-cell deficiencies:
○ Recurrent or severe candida infection.
○ Pneumocystis jiroveci pneumonia.
○ Unexpected, recurrent or severe viral infections such

as human papilloma virus or CMV (see figure 2 of a
biopsy unexpectedly showing CMV)

Figure 2 Large bowel biopsy in a
patient with chronic diarrhoea with
severe primary T-cell immunodeficiency
showing: (A) H&E stain of endothelial
cell nuclear inclusions of
cytomegalovirus (CMV) (circled). (B)
CMV specific staining (brown and
arrowed).

Figure 3 H&E stain of a biopsy from the axillary node of a patient
with granulomatous common variable immune deficiency showing a
germinal centre (marked X) and multiple granulomas (arrowed).
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– Complement deficiencies (very rare):
○ Recurrent infection with Neisseria meningitides (often

unusual serotypes) is associated with deficiencies of
the common terminal complement pathway, and can
be managed by vaccination and prophylactic antibio-
tics, with consideration for screening of relatives.

Histopathology testing
There are multiple characteristics of PIDs that may be found on
histopathological biopsy inspection. A few examples are given
below in addition to the case in figure 2:

▸ Granulomata may be found in conditions such as
Mycobacterium tuberculosis, sarcoidosis or Crohn’s disease,
but may also be found in the granulomatous variant of
common variable immunodeficiency (see figure 3). An unex-
pected finding of granulomata, including all cases of ‘sarcoid’,
should prompt consideration for the measurement of immu-
noglobulins. In sarcoidosis the immunoglobulins would be
expected to be raised, rather than in granulomatous CVID,
where reduced immunoglobulins would be expected.

▸ Normal lymphoid tissue will contain active germinal centres
with a light and dark zone, but these may be absent or
abnormal in immunodeficiency syndromes like hyper-IgM
syndrome, where mutations in one of a number of different
genes prevent expected T-cell and B-cell interaction. Absent
germinal centres on lymph node biopsy should prompt meas-
urement of immunoglobulins and lymphocyte subsets (see
figure 4).

▸ The finding of villous atrophy on small bowel biopsy is consist-
ent with a diagnosis of coeliac disease. However, villous shorten-
ing may be associated with infection such as Giardia lamblia38

which is a common infection found in antibody deficiency.
▸ The absence of plasma cells in biopsies may also be the result

of certain PIDs where B-cells are low or absent, such as
X-linked agammaglobulinaemia (see figure 5), autosomal
recessive agammaglobulinaemia, or a subset of patients with
common variable immunodeficiency.

CONCLUSION
Immunodeficiency may be unfamiliar, but is not that rare, and
may be primary or secondary. The most common primary
immunodeficiencies are antibody deficiencies39 of which the
predominant form is common variable immunodeficiency. The
incidence of secondary immunodeficiency is increasing, particu-
larly with the use of biologically targeted immunosuppressive

Figure 4 H&E stain of tonsillar tissue from a paediatric patient with
hyperimmunoglobulin M syndrome showing lymphoid aggregates
(arrowed) without the formation of an active germinal centre. The
appearances could be mistaken for nodular lymphocyte predominant
Hodgkin lymphoma.

Figure 5 H&E stains of the small bowel of: (A) A normal patient where plasma cells are evident in the lamina propria of the biopsy (arrowed).
(B) A patient with X-linked agammaglobulinaemia (XLA) where plasma cells are lacking in the lamina propria (flattened circle). Brown plasma cell
staining (plasma cell surface marker CD138) of the duodenum of: (C) A control patient with normal expression of plasma cells in the lamina propria
(circled). (D) A patient with XLA showing absent plasma cells in the lamina propria. Lymphocytes in the lamina propria do not stain with CD138 and
are therefore T-cells (arrowed).
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drugs such as rituximab (which targets CD20 expressing B-cells
and can cause low antibodies).40 41 Rituximab can aggravate
pre-existing antibody deficiency.42 43 SCID has an approximate
incidence of 1 in 50 000 live births.44 The consequences of
delayed diagnosis of immunodeficiency can be recurrent, severe
and potentially life-threatening infections and/or chronic organ
damage (eg, bronchiectasis). Pathology tests are performed on
many of these patients prior to their diagnosis of immunodefi-
ciency, and offer an opportunity for earlier diagnosis and appro-
priate intervention to prevent morbidity and mortality,
highlighting the need for appropriate correlation and interpret-
ation. Actioning abnormal pathology tests may involve reflex
testing (eg, immunoglobulins for low IgA on coeliac testing),
reflex automated comments (eg, please consider immunodefi-
ciency), tailored comments or direct discussion with clinical col-
leagues as to the need for further investigation.
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