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The Reports and Reviews Section seeks to publish information on im-
portant clinical laboratory-related topics such as technological, clinical,
and experimental advances and innovations. Case studies and litera-
ture reviews are also included. In addition, brief reviews of books, com-
puter programs, audiovisual materials or other materials of interest to
readers are appropriate for this section. Manuscripts and literature re-
views published as a Report are peer reviewed. Direct all inquiries to
Isaac D Montoya PhD, Affiliated Systems Corporation, 3104 Edloe,
Suite 330, Houston TX 77027-6022. (713)439-0210, (713)439-
1924 (fax). imontoya@affiliatedsystems.com

OBJECTIVE: A study was conducted to determine if HIV/AIDS
patients have smaller than normal size neutrophils and increased
prevalence of abnormal platelet morphology.

DESIGN: Wright’s-stained peripheral blood smears from 100 HIV/
AIDS patients were evaluated for size of segmented neutrophils
and degree of abnormal platelet morphology.

SETTING: East Carolina University, Greenville, North Carolina.

PARTICIPANTS: The study subjects consisted of 100 HIV/AIDS
patients seen in an outpatient clinic in a teaching hospital in an
academic health center. Peripheral blood smears were made from
EDTA tubes drawn as a part of a routine immunology panel.

MAIN OUTCOME MEASURES: Segmented neutrophils from
each of ten oil immersion fields were measured for diameter with
a micrometer and the average diameter calculated. In addition,
any platelet morphology abnormality, which was noted in at least
five oil immersion fields, was recorded. One researcher evaluated
one slide on each patient, and the second researcher randomly
selected 20% of the subjects and performed the same procedure
on a second slide for quality assurance of results.

RESULTS: A segmented neutrophil mean diameter of 15.1 mi-
crons was found. Though this mean is a mere 0.1 microns above
the upper limit of the normal range of 10 to 15 microns, 53% of
the patients had an observed average diameter above 15 microns.
The HIV/AIDS patients’ mean diameter was statistically different
when compared to a normal population mean of 12.0 microns (T-
test = 16.15, p <.0001), thus, showing a tendency for HIV/AIDS
patients’ segmented neutrophils to be large. Over half of the study
subjects demonstrated abnormal platelet morphology including
agranularity, small size, and giant size.

CONCLUSION: Neutrophil size as based on cell diameter, was
found to be significantly larger for a sample of HIV/AIDS pa-
tients than the normal mean size. There was also a tendency for
platelet morphology to be abnormal.

ABBREVIATIONS: AIDS = acquired immunodeficiency syn-
drome; AO = American Optical Corporation; ARC = AIDS re-
lated complex; CD = cluster of differentiation; HIV = human
immunodeficiency virus.

INDEX TERMS: HIV/AIDS, neutrophil size, platelet morphology.
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The clinical laboratory has played a vital role in monitoring the
immunological status of patients with human immunodeficiency
virus (HIV) as well as in diagnosing opportunistic infections in
those with clinically-defined acquired immunodeficiency syndrome
(AIDS). Laboratory procedures have become more advanced in
providing detailed and sophisticated information to health care
providers who treat and monitor HIV/AIDS patients. Flow
cytometry and newer, less costly technologies have enabled clini-
cians to obtain CD4 and CD8 counts and ratio results along with
viral loads and specific genome information on a more frequent
basis. Such tests have improved over the past decade in both sensi-
tivity and specificity.1-5

The hematological manifestations of HIV/AIDS as monitored by
the complete blood count (CBC) and differential, are well docu-
mented. These effects include predominantly cytopenia in the leu-
kocytes, erythrocytes and thrombocytes, i.e., platelets. Lympho-
cytes, specifically the CD4 cells (T-helper lymphocytes), are de-
pleted through direct attack by the virus. Anemia and neutrope-
nia usually are due to inadequate production from bone marrow
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suppression in HIV/AIDS patients, though immune-mediated
destruction may also play a role. The thrombocytopenia can be
due to inadequate production, splenic sequestration, and/or im-
mune-mediated destruction of platelets in these patients. The
cytopenias generally become progressively worse as the clinical con-
dition of the HIV/AIDS patient deteriorates.6-9

Neutrophils serve as one important element of cellular immunity.
As an HIV/AIDS patient’s CD4 lymphocytes decline, it is impor-
tant to maintain functional neutrophils as a line of immune de-
fense. It has been shown that HIV/AIDS patients can have neutro-
penia as well as a significant impairment in neutrophil functions
including chemotaxis, phagocytosis, bactericidal activity, superox-
ide production, and oxidative burst. This decrease in neutrophil
number and function, along with low CD4 counts, may contribute
to the increased infection rate among HIV/AIDS patients.10-14

Morphologic abnormalities of neutrophils associated with dysfunc-
tion have been described in several disorders including Alder-Reily,
Chediak-Higashi, and May-Hegglin anomalies and in congenital
neutropenias such as Kostmann’s syndrome, though the morpho-
logic changes do not include abnormal size.15,16 Dysmyelopoiesis
as found in myelodysplastic disorders and, particularly, megalo-
blastic anemias do have large sized neutrophils as a morphologic
characteristic.17-19 Morphologic abnormalities, when demonstrated,
may be linked to dysfunction of cellular elements in HIV/AIDS
patients as well.

Thrombocytopenia as noted by a platelet count of less than 50,000/
µL has been noted in approximately 5% to 10% of patients in-
fected with HIV and becomes a chronic problem in about a third
of patients with clinically-defined AIDS.20-22 Increased platelet turn-
over as evidenced by plasma glycocalicin levels has also been dem-
onstrated in HIV-positive adults and children even with platelet
counts of greater than 100,000/µL.23 As abnormal platelet mor-
phology can be associated with decreased platelet function in a
variety of disorders, such morphologic variations in HIV/AIDS
patients could also be clinically noteworthy.24,25

PURPOSE OF THE STUDY
During work as a bench technologist in hematology, the senior
author anecdotally observed that a higher proportion of HIV/AIDS
patients as compared to other patient populations, appeared to
exhibit small size neutrophils and bizarre platelet morphology on
peripheral blood smears. As no current studies of leukocyte size or
platelet visual morphology were found in the literature, the au-
thors decided to undertake an assessment of neutrophil size and
platelet morphology in a convenience sample of HIV/AIDS pa-
tients to determine if observations at the bench were verified by a
formal study. The authors chose to limit the assessment to neutro-
phil size and platelet morphology due to 1) the possible relation-
ship between these two variables with decreased function of neu-
trophils and platelets as described in several non-HIV disorders

which may also hold true with HIV/AIDS and 2) the ease of as-
sessment and minimal costs involved in such a study.

The study described in this article was designed to answer the fol-
lowing research questions: 1) Does the average size of segmented
neutrophils in HIV/AIDS patients differ from a normal value? 2)
Does the morphology of platelets in HIV/AIDS patients differ
from the normal morphology of platelets?

METHODS AND MATERIALS
Sample
The patients in the study sample included 100 persons who came
through an HIV clinic during a one-month period (August 1999).
The clinic is operated by a tertiary-care, teaching hospital that is
part of the School of Medicine at East Carolina University in
Greenville, North Carolina. The convenience sample was hetero-
geneous as it included both adult and adolescent males and adult
and adolescent females. Persons with asymptomatic HIV, AIDS
related complex (ARC), and those with clinically defined AIDS
were included in the study sample. Patient identity, demograph-
ics, and clinical condition were withheld from the researchers to
prevent bias in the smear evaluations and data analysis.

Procedures
Peripheral blood smears were made from an EDTA tube collected
as part of a routine immune panel on each of the 100 patients. All
smears were made within eight hours of collection, though the
majority was made within three to four hours. The smears were
made using the Mini-prep automated slide maker that utilizes a
push-slide technique. Two smears were made on each patient. All
smears were Wright’s stained using an Ames automated slide stainer.

One smear from each patient was evaluated for the diameter of
segmented neutrophils. For each slide, one segmented neutrophil
in each of ten fields was measured for diameter with a micrometer
using the oil immersion objective of an American Optical Corpo-
ration (AO) binocular microscope. The ten diameters were aver-
aged for each patient. If the ten diameter values had a range of
more ten microns, then the second slide on that patient was evalu-
ated for neutrophil diameter. Using standard technique for micro-
scope calibration of a micrometer, a correction factor of 0.93 was
utilized in measuring neutrophil diameter with the oil immersion
objective. The micrometer used was a 20-micron micrometer reticle
manufactured by AO and designed as a removable instrument for
a microscope eyepiece.

The same smear for each patient was also evaluated for platelet
morphology, though this was a more subjective assessment. A to-
tal of ten oil immersion fields were observed for platelet morphol-
ogy. Any morphology that deviated from ‘normal’ was noted. If a
morphology variant was noted in at least half of the fields viewed,
it was recorded as an abnormal platelet morphology for that pa-
tient. Abnormal platelet morphologies included in the study were
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small (less than two microns diameter), large (five to eight mi-
crons diameter), and giant (greater than eight microns diameter)
size as well as elongated, vacuolated, hypogranular, and agranular.

The second author evaluated the slides on all 100 patients in the sample.
The first author validated these results. This validation was done by
evaluating the second slide on 20 patients randomly selected from the
sample for both neutrophil diameter and platelet morphology using
the same techniques and criteria as used in the first slide evaluation.
These neutrophil diameter results were compared with the original
results and were found to be within five percent of the first-smear
results in all 20 patients. For platelet morphology on the 20 patients
used for result validation, the same abnormal morphologies as origi-
nally recorded were observed in each case.

For purposes of the neutrophil size, the authors did not conduct
the same procedures on a sample of healthy subjects due to the
difficulty of recruiting subjects for such an assessment. A search of
the literature finds that a reference range for neutrophil diameter
which is commonly given in hematology textbooks and instruc-
tional materials is 10 to 15 microns, though no reference to the
original study from which this reference range was derived could
be found.26-30 A reference mean for neutrophil diameter has been
cited as 12 microns and was used in this study for comparison to
the HIV/AIDS sample mean.31

Data Analysis
All patient results were entered into an Excel database. Analyses of
frequencies, descriptive statistics, and statistical analysis were per-
formed using this software package.

RESULTS
Neutrophil Diameter
For the 100 mean diameters of segmented neutrophils from the
subjects in the study, descriptive statistics are displayed in Table 1.
The median and mode are in the reference range (10 to 15 mi-
crons) and the mean of the patient neutrophil diameter averages is
0.1 microns above the upper limit of the reference range. Com-
parison of the sample mean of 15.1 to a reference mean for neu-
trophil diameter of 12.0 using a one-sample T-test demonstrated
the HIV/AIDS patients’ neutrophil diameter to be statistically
larger than a reference population (T-test = 6.15, p <.0001).

The distribution of individual patient neutrophil diameter means
for the sample is displayed as increments of 0.5 micron in the
histogram in Figure 1. The largest percentage, 22%, of neutrophil
means was within one micron, i.e., 15.0 to 16.0 microns above
the upper limit of reference. The second largest percentage, 10%,
were 14.1 to 14.5 microns, while the next largest percentage had
means of either 13.1 to 13.5 microns or 14.6 to 15.0 microns, 9%
each. Though the mean of the patients’ neutrophil diameter aver-
ages was only 15.1, slightly over half, 53%, of the individual pa-
tients had a neutrophil diameter average greater than 15.0. This
display of data shows a relatively normal distribution and sup-
ports the observation that the neutrophil size for the HIV/AIDS
patients in this study tended toward being large.

Platelet Morphology
The most prevalent platelet morphology variant was agranular
platelets that were noted in 80% of the HIV/AIDS patients. Small
platelets, defined as less than two microns in diameter, were noted
in 76% of the study subjects. Most of these small platelets ap-
peared as fragments. Platelets over eight microns in diameter,
termed giant platelets, were found in 31% of the study subjects.
Most of the giant platelets were also vacuolated.

DISCUSSION AND CONCLUSIONS
Based on previous observations and experiences of one of the research-
ers, the question for this study was whether or not smaller than nor-
mal segmented neutrophils and abnormal platelet morphology would
be found on the peripheral blood smears from HIV/AIDS patients.
Contrary to the authors’ suspicions, the size of the patients’ neutro-
phils as reflected by mean diameter was actually found to be on the
large side. Though the arithmetic mean, 15.1 microns, of the pa-
tients’ diameter means was a mere 0.1 micron above the upper limit
of the reference range (10 to 15 microns), 53% had a mean neutro-
phil diameter greater than 15.0 with some as high as 19.5 microns.
The mean diameter of 15.1 was found to be statistically higher than a
normal population mean of 12.0 microns based on a one-sample T-
test (T-test = 16.15, p <.0001). This finding is the opposite of the
original belief that the neutrophils would be small.

The results did demonstrate platelet morphologic abnormalities
in over half of the HIV/AIDS patients with 76% exhibiting plate-
lets of small size, <two microns diameter, and 80% with agranular
platelets. Giant platelets of greater than eight microns diameter
were found in about a third, 31%, of the study subjects.

Whether the observed variations of large size neutrophils, giant and
small platelets, and agranular platelets contribute to the functional
abnormalities found in these two cellular elements as manifested in
HIV/AIDS patients requires further research of a molecular nature.
Additionally, the findings of this study are limited in their applica-
tion by the convenience nature of the sample. The study limitations
include: 1) the heterogeneous nature of the study sample relative to
gender, age, and clinical condition; 2) the homogeneous nature of

REPORTS AND REVIEWS

Table 1. Statistics for neutrophil diameter means (n = 100)

Statistic Value in micrometers

Mean 15.1
Median 14.9
Mode 14.0

Standard deviation = 1.92
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the study sample relative to geographical residence, i.e., eastern North
Carolina; 3) the lack of multiple microscopist verification of results
on every study subject which was cost prohibitive; 4) comparison of
the neutrophil diameter sample mean to a reference population of
unknown standard deviation; and 5) lack of determination of neu-
trophil diameter for a healthy population of equal sample size and
drawn from the same geographical area.

The study results do provide preliminary findings that may verify
what microscopists in clinical settings are observing as to hemato-
logical variations in manual peripheral blood smear evaluations in
their HIV and AIDS patients. Future research should clarify the
role of these variations in functionality of the neutrophils and plate-
lets in this patient population.
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