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Abstract Background: If found with people infected with human immunodeficiency virus (HIV), Immuno-
hematological abnormalities can increase the risk of disease progression and death. Inorder to understand the pattern
of the immune and hematology cells during Antiretroviral (ARV) therapy, we reviewed and analyse the immune-
hematological profiles of HIV patients to determine the possible parameters and patterns that could be used to follow
up patients in low income setting where the access of viral load testing is still not affordable. Methodology: A
descriptive hospital based cross-sectional study of 285 HIV-1/AIDS adult patients on highly active antiretroviral
therapy (HAART) was carried out from January to May, 2015. Review of participants records was also done to
obtain baseline and other progressive data. A total of Four groups were created based on the patients duration on
HAART. The composition was as follows: Group I (6months - 1year), group II (>1year - 3years), group III (>3years
- Syears) and group IV (>5years). After the achieve data was obtain, venous blood was collected, and the number of
CD4+ and CD8+ T cells count measured using a flow cytometer. The level of Hemoglobin, number of Platelets,
total and differential White Blood Cells were enumerated with automated hematology analyzer. Analyses was
carried out to determine changes in various parameters with respect to established baseline values. Results : The
pattern for CD4+ T cell at stratified baseline count between < 99 - 499 cells/ul , showed a significant progressive
increase from group I to group IV; while CD4+ T cell at stratified baseline count >500 cells/ul had a reversing turn,
decreasing gradually among groups I, III and IV, and drastically in group I. The pattern for CD8+ T cell at stratified
baseline count between <500 - 999 cells/ul, increased progressively from group I to IV, remaining at the normal
range; while at stratified baseline count between >1000 cells/pl, the pattern decreased gradually from group I to IV,
with group II showing a significant decrease. Also hemoglobin baseline level between <7 - 12g/dl, showed a pattern
with significant increase among all groups to normal hemoglobin level. With platelets baseline between <150 -
399cells/pl, the pattern of all the groups increased and stayed within normal range, but platelets baseline
at >400cells/pl showed a reversing turn, with significant decreases to normal level. Furthermore eosinophil baseline
at <3%, showed a pattern of constant increase to abnormal levels in groups LII and III; while group IV had a
reversing decreasing pattern to normal levels meanwhile eosinophil baseline at > 3%, had a significant decreasing
pattern from group I to IV. Leukocytes stratified baseline count at <4000 cells/ pl had an irregular increasing pattern
from group II to IV, then group I and finally group III, while leukocytes stratified baseline count at > 4000 cells/ pl
had a similar pattern but reversed in group III and group I. in addition neutrophil at baseline count <40% had a
significant progressive increasing pattern from group I to IV, but neutrophil baseline count >40% had an irregular
increasing pattern from group II to group III, followed by group I and finally group IV. Conclusion: Group I profile
can be used to detect early complications in patients using CD4+ T cell, hemoglobin, platelets, WBC, and
neutrophils counts; while CD4+ T cell, hemoglobin, platelets, WBC, neutrophils count and CD8+ T cell baseline
of >1000cells/ pL count can be used to monitor the patients’ successful treatment outcome on HAART in group
ILIII and I'V. Starting ARV treatment with a CD4+ T cell of > 500 cells might not be advisable, we equally observed
that eosinophils variation is associated with treatment duration. Further studies with larger sample sizes are
recommended to make affirmative conclusions.
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1. Introduction

Hematological parameters are important monitoring
tools for assessing treatment and prognosis in Human
Immunodeficiency Virus (HIV) infected patients [1,2,3].
Immunologic parameters such as CD4+T cell counts have
been viewed as the best predictor of the risk of developing
AIDS-related complications, and as such, they have been
used to monitor disease progression; determine prognosis;
select patients for therapeutic trials and monitor therapy.
However, CD4+ T cell counts alone seems to be an inadequate
immunological parameter to measure prognosis and anti-
retroviral therapy [4]. Other factors like duration on
Antiretroviral (ARV) and CD8+ T cell count might be
required in low income settings for better management due
to absence of viral load testing. Immuno-hematological
profiles used in monitoring HIV/AIDS patients involve
total and differential WBC (FULL), hemoglobin concentration
and platelet count [5]. Besides CD4+ T cell and CD8+
T cell count, decrease in CD4+ T lymphocytes count,
hemoglobin concentration, platelet count, WBC, neutrophil
count; and an increased in CD8+ T lymphocytes and
eosinophil count are characteristics of HIV-1 patients
failed response to ARV therapy or those not yet on ART
[6]. An effective application of the immune-hematological
profiles involves the use of all the available results from
the immune and hematologic parameters to make decisions
on the next step or approach in the patient’s management.
Global update studies have shown that effective application
of immune-hematological profiles can lead to an improved
survival of the HIV/AIDS patient [7]. With the variety in
HIV strains among different regions in the world, it is
possible that the ART response profiles might not be
the same [8]. The duration on HAART has been shown
to have an impact in the understanding of the kinetics
of viremia and CD4 counts [9].Using immune and
hematology data from other regions and countries as a
control tool in both short or long term monitoring of HIV
patients in other local setting might be ineffective. There
are challenges which could compromise the goals of ART,
including failed/incomplete treatment responses [10], drug
interaction and toxicity [11], drug resistance [12,13], lost
to follow up and early mortality [14].Though some studies
on immunologic parameters of HIV-1 patients on HAART
in Cameroon [15,16], have been carried out, comparative
studies on other immunohematological parameters at
specific time duration of treatment of HIV positive
patients in the country are scarce. Moreover, other
immunohematological parameters apart from CD4 and
hemoglobin concentration have not been documented in
the South West Region of the country that might be useful
for follow up to determine the success at different
durations on treatment of HIV patients. Understanding the

changes in the immune-hematological profile trends
during treatment can help to prevent most of the adverse
effects on HIV patients in our community. This study,
therefore, assesses the immunohematological parameters
of HIV positive patients on HAART at different treatment
duration with the hope to improve the ARV treatment
outcome of HIV/AIDs patients in the South West Region
of Cameroon.

2. Material and Methods

2.1. Research Design

A descriptive hospital based cross-sectional study
of 285 HIV-1/AIDS adult patients on highly active
antiretroviral therapy (HAART) was carried out from
January to May, 2015. Review of participants records was
also done to obtain baseline and other progressive data. A
total of Four groups were created based on the patients
duration on HAART. The composition was as follows:
Group I (6months - lyear), group II (>lyear - 3years),
group III (>3years - Syears) and group IV (>5years). After
the achieve data was obtain, venous blood was collected,
and the number of CD4+ and CD8+ T cells count measured
using a flow cytometer. The level of Hemoglobin, number
of Platelets, total and differential White Blood Cells
were enumerated with automated hematology analyzer.
Analyses was carried out to determine changes in various
parameters with respect to established baseline values

2.2. Study Area

The data for the study was carried out from the Buea
Regional Hospital, Limbe Regional Hospital, Kumba
District Hospital, Mamfe District Hospital and Muyuka
District Hospital, all these institutions are authorised HIV
treatment centers located in the South West region of
Cameroon.

2.3. Study Population

A total of two hundred and eighty five (285) patients
with HIV receiving HAART from the aforementioned
treatment centres were chosen for this study. Demographic
data were obtained through questionnaires, while infections
and treatment histories were obtained from review of
medical records. Participants’ adherence history on
HAART was also obtained through officials in charge of
administering treatments, and from participants’ medical
records.

Participants were divided into four groups with respect
to duration on HAART: where group I (6months - lyear),
group Il (>1year - 3years), group IIl (>3years - Syears)
and group IV (>5years).
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2.4. Ethical Consideration

An authorization to carry out this study was obtained
from the Faculty of Health Science Institutional Review
Committee. Written and signed informed consent were
gotten from all the participants.

2.5. Data Collection and Processing

Patients hospital records were review and venous blood
sample was collected and the level of hemoglobin,the
number of Platelets, the total and differential White Blood
Cells were analysed using automated Hematology Analyzer
(Hematology analyzer Sysmex KX-21, corporation Kobe,
Japan). CD4+ and CD8+ T lymphocytes counts were
analysed using standardised Flow cytometric cyflow
machine (BD Biosciences FACSCount, New Jersey,
USA). Data were collected based on the treatment
duration and the baseline parameters were stratified on the
basis of their pre-therapeutic measurement.

2.6. Data Analysis

The data were edited, checked for completeness and
processed using Excel 2013, and exported to the Statistical
Package for Social Sciences (SPSS ) version 20 (SPSS
Inc., Chicago. IL. USA) for Windows. The student’s
t- test, Wilcoxon test for pairwise data, and general
linear models were used to assess differences in group
means (baseline and present means of each stratified

hematological Parameters (hemoglobin, platelet, WBC,
neutrophil, eosinophil) and immunological parameters
(CD4+ and CDS8+ T cell). The P value < 0.05 was
considered to be statistically significant.

3. Results

3.1. Baseline Characteristics of the Studied
Participants

Of the 285 HIV infected patients on treatment selected
for the study, 71 were in group I (6 months to lyear), 72
in group II (1 year to 3 years), 71 in group III (3 years to 5
years) and 71 in group IV (greater than 5 years). Also
about 216 (75.8%) were females and 69 (24.2%) were
males. The overall mean age was 41 + 11 years (Table 1),
within the range of 20 - 75 years of age. A large majority
of the patients, (35.4%) were within 36 - 45 years of age
(Table 1). Five treatment regimens were frequently
used.172 (60.4%) were on regimen D; 51 (17.9%),0n
regimen A; 48 (17.2%) on regimen C; and lastly, 5 (1.8%)
in regimen 2C. The mean baseline CD4 T-cell count for
most of the patients indicated that they were initiated at
WHO clinical stage II, meanwhile the mean baseline for
hemoglobin concentration of the majority of the patients
was less than 11g/dl. The mean baseline for parameters
including CD8, platelet, WBC, neutrophil and eosinophil
were within normal levels (Table 1).

Table 1. Baseline demographic characteristics of the study participants

DURATION on HAART

VARIABLES Al}: =p ;:;i;)n “ 6 months - lyear > 1 year - 3 years >3 years - 5 > 5 years

(n=171) (n=172) (giafl) (n="71)
AGE
20 -35 93 (32.6%) 36 (50.7%) 27 (37.5%) 19 (26.8%) 11 (15.5%)
36-45 106 (37.2%) 25(35.2%) 31 (43.1%) 26 (36.6%) 24 (33.8%)
>45 86 (30.2%) 10 (14.1%) 14 (19.4%) 26 (36.6%) 36 (50.7%)
SEX
MALE 69 (24.2%) 22 (31.0%) 17 (23.6%) 13 (18.3%) 17 (23.9%)
FEMALE 216 (75.8%) 49 (69.0%) 55 (76.4%) 58 (81.7%) 54 (76.1%)
REGIMEN
A (AZT/3TC/NVP) 51 (17.9%) 6 (8.5%) 8 (11.1%) 16 (22.5%) 21 (29.6%)
B (AZT/3TC+EFYV) 8 (2.8%) 0 (0%) 4 (5.6%) 1(1.4%) 3 (4.2%)
C (TDF/3TC+NVP) 48 (17.2%) 16 (22.5%) 15 (20.8%) 9 (12.7%) 9 (12.7%)
D (TDF/3TC/EFV) 172 (60.4%) 47 (66.2%) 45 (62.5%) 44 (62.0%) 36 (50.7%)
2C(TDF/3TC+LPV/r) 5 (1.8%) 2 (2.8%) 0 (0%) 1(1.4%) 2 (2.8%)
MEAN
CD4" T CELL (cell/pL) 233.77 236.76 237.79 233.83
CDS8" T CELL (cell/pL) 1086.32 1184.56 1092.49 1123.58
HEMOGLIBIN (g/dL) 10.18 10.03 10.47 10.71
PLATELET (cell/nL) 221.93 239.39 236.06 261.94
WBC (cell/uL) 4307 4664 4628 4617
NEUTROPHIL (%) 44.41 46.67 47.13 4558
EOSINOPHIL (%) 2.38 2.14 3.30 3.04
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3.2. Immuno-hematological Profile Trends of
HIV/AIDS Patients on Highly Active
Anti-Retroviral Therapy (HAART)

3.2.1. CD4+ T CELL

The CD4+ T cell increased significantly among groups I,
I, III and IV in comparison to stratified baseline between
< 99 - 499cells/ul. Conversely, at baseline > 500 cells/pl,
CD4+ T cells significantly decreased among all groups
(Figure 1). Following baseline stratified count between
< 99 - 499 cells/ul, groups I, I and IV had a constantly
increasing pattern that varies from 92.3 to 611 cells/pl
(group I), 217.1 to 797.2 cells/pl (group II), and 407.3
to 1003.3 cells/pl (group 1V), while group III had
an irregular increasing pattern (Figure 1). Meanwhile,
following baseline stratified count at > 500 cells/pl, group
I, II, II and IV significantly decreased to 187.5 cells/ul,
405 cells/pl, 368 cells/ul and 389 cells/ul respectively
(Figure 1).

3.2.2. CD8+ T CELLS

The CD8+ T cells variation with respect to stratified
baseline between < 500 - 999 cells/ul, had no significant
increase among all the different groups. Meanwhile, CD8+
T cells counts decreased significantly among groups II, 111
and IV when compared to baseline at > 1000 cells/ul
(Figure 2). Following CD8+ T cells baseline between

< 500- 999 cells/pl, all the groups had an increase and
stayed at the normal level, with group I pattern varying
between 500 to 899.7 cells/ul, group II (535.8 to 877.9
cells/ul), group III (799 to 876.7 cells/ul), and group IV
(748 to 897.9 cells/ul). A reversing pattern was observed
with CD8+ T cells baseline at > 1000 cells/ul, starting
from group I (1304.1 cells/pl) to group II (1241.1 cells/ul),
followed by group IIT (1085.5 cells/ul) and down to group
IV (1056.2 cells/ul) (Figure 2).

3.2.3. Hemoglobin Concentration

There were significant differences in the hemoglobin
concentration among group I, I, III and IV when compared
to their stratified baseline. With stratified baseline hemoglobin
concentration at <7g/dl, groups II and III significantly
increased to 9.1 and 9.7 respectively. Meanwhile,
compared to groups I, II, III and IV, hemoglobin baseline
between 7 - 12g/dl increased significantly, showing a
constantly increasing pattern (Figure 3).

3.2.4. Platelets

The platelet count increased significantly among groups
I, IT and III when compared to baseline at < 150 cells/pl.
On the contrary, platelet count decreased significantly
among groups I, II, and III when compared to baseline
at > 400cells/ul (Figure 4). There was no significant
change in the levels of platelet in comparison to baseline
between >150 - 399 cells/pl.
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Figure 1. Stratified baseline CD4+ T cells variation with HAART duration
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Stratified CD8 baseline changes with HAART duration
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Figure 2. Stratified baseline CD8+ T cells variation with HAART duration
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Stratified Platelet baseline changes with HAART
duration
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Figure 4. stratified platelets baseline count variation with HAART duration

3.2.5. White Blood Cells

The total White cell count from baseline < 4000cells/pl
increased significantly among all groups in an irregular
pattern (Figure 5), with the highest among group III
(5264cells/ul), followed by group I (5104 cells/ul), group
IV (4926 cells/pl) and finally group II (4800cells/pul)
(Figure 5). There were no significant changes between the
baseline at >4000cells/pl when compare to all the various
groups.

3.2.6. Eosinophil

Following baseline stratified eosinophil count at < 3%,

groups I, II and III significantly increased to 3.1%, 3.3%
and 3.1 % respectively; conversely to group IV that
significantly decreased to 2.7% (Figure 6). At eosinophil
baseline count > 3%, only groups III and IV significantly
decreased to 3.2% and 2.9% respectively; meanwhile,
groups I and II had no significant changes.

3.2.7. Neutrophil

Neutrophil increased significantly among groups I, II,
III and IV in comparison to stratified baseline at < 40%.
Conversely, at baseline > 40%, only groups I and IV had
significant differences (Figure 7).
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Stratified Eosinophil baseline changes with
HAART duration
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Figure 6. Stratified baseline eosinophil variation with HAART duration
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Figure 7. Stratified baseline neutrophil variation with HAART duration

4. Discussion Among the tested parameters, the CD4+ T cells trend
showed a sharp significant increase among groups I, II, III

This study evaluated the changes from stratified  and IV in comparison to stratified baseline between < 99 -
baseline values and duration on HAART to illustrate 499cells/pl. This is in line with Moore and Keruly [17]
possibilities of predicting early complications and patients’  who show a slope of plotted CD4+ Tcell count values for
success on treatment. each of the baseline CD4+ Tcell count strata after the
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initiation of HAART, increasing progressively before
reaching a plateau by the fourth year of sustained viral
suppression in all CD4+ T cell count strata. The findings
of our study are in contrast to Michael et al., [18] who
demonstrate that in a 36 month of follow-up study, levels
of both total and naive CD4+ cells increased only in the
18" month and stabilised thereafter at an abnormal level.
Studies have equally revealed that the recovery of CD4+ T
cells occurs in two phases; the rapid recovery phase that
occurs during the first two months after initiation of
HAART due to the release of the sequestered cells in the
body tissue; and the second phase which is the slow
recovery phase that occurs from the third month onwards
due to regeneration of new cells from bone marrow and
the reduction of programmed cell death [19,20].

Conversely, at baseline > 500 cells/ul, CD4+ T cells
trend significantly decreased among all groups. Similar
findings were reported in a Multicentre AIDS Cohort
Study and the Women’s Interagency HIV Study carried
out by Chu et al., [9] that indicated that, at a pre-HAART
CD4 cell count greater than 500 cells/mm3, CD4+ T cell
significantly declines after change points. Thus, it did not
have a sustained response to long-term HAART
usage .Further research into the causes of such reversing
trends may be warranted, and there is the need to search
for additional therapies or different combinations of
regimens that will further boost immune reconstitution.

The CD8+Tcell count trend demonstrated a decreasing
trend among groups II, III and IV when compared to
baseline at > 1000 cells/ul. The findings were similar to
other studies that reported a significant decline in mean
CDS cell counts among patients who had been on HAART
for at least 12months [21,22]. CD8+ T-lymphocytosis is
another major cellular element of interest in the HIV
disease that is involved in two roles of immune defense:
suppressing the cell mediated response to limit damage to
host tissue; and attacking cells infected with virus directly
[23]. Researchers have found out that viral load is better
controlled in people whose HIV-specific CD8 Tcells
mature fully into 'effector memory' T-cells [24,25].

With the hemoglobin parameter, the hemoglobin
concentration showed a sharp increasing trend from
stratified baseline between <7 - 12g/dl among groups I
and II, followed by a plateau in groups III and IV. These
findings are in line with those of other studies that
reported significant increase in hemoglobin level after
initiation of HAART, with a statistical association
between the level of hemoglobin and the duration of use
of HAART [26,27]. The positive effect of HAART is
probably due to the reduction in viral load, decreased
destruction of mature hematopoietic cells of multiple
lineages and an improvement in the blunted erythropoietin
response [28].

Among patients receiving HAART with 95% adherence
rate, an increase in platelet count was recorded and
maintained from baseline strata between< 150 - 399
cells/ul in groups I, II and III. Similar findings were
recorded in Landro ef al., [29]. However, patients with a
baseline of > 400cells/pl decreased significantly to normal
levels among all groups. Also platelets has proven to be
involved in regulating HIV infection through the release
of mediators such as chemokines (RANTES/CCL5 and
NAP-2/CXCL7) [30,31]. RANTES have equally shown

some beneficial effects in HIV infected patients by
inhibiting HIV entry into cells and by binding to the HIV
coreceptor CCRS [32].

Furthermore the white blood cell count showed sharp
increasing trends from stratified baseline between < 4000
and >4000 cells/pl among all groups. Our findings extend
previous reports, that revealed that there is a significant
increase in the median absolute total leukocytes when
compared to baseline after HAART initiation [33].
However our findings are contrary to those of a study that
reported a decrease in WBC with duration of ARV
therapy [34]. The white blood cell profile showed that the
white cell count improved with HAART irrespective of
the baseline in all groups and remained in the normal
range.

The data on eosinophil count shows that at baseline <
3%, groups I, I and III instead increased to abnormal high
levels (eosinophilia), while only group IV remains at the
normal level. Conversely, at eosinophil baseline > 3%,
only groups III and IV trends dropped to normal ranges;
meanwhile, groups I and II stayed at the abnormal high
level. Studies have shown that eosinophilia is encountered
in as high as 28% of patients with HIV infection [35].
Other studies have associated eosinophilia with low CD4
counts [36,37], but studies associating eosinophilia with
duration on HAART were limited.

After the initiation of HAART, the neutrophil had a
constantly increasing trend among all groups in
comparison to stratified baseline at < 40%. Meanwhile, at
baseline > 40%, only groups I and IV had significant
differences. These findings are in line with those of a
study that observed a significant increase in the median
neutrophil count in comparison to baseline after HAART
initiation [33]. Researchers have shown that the functional
improvement of components of innate antimicrobial
immunity, such as neutrophils may contribute to improved
cell-mediated immune responses against opportunistic
infections in HAART-treated patients [33].

5. Conclusion

Different immunohematological parameters can be
implemented to follow-up patients on HAART if the
baseline data and duration on HAART is known. From
baseline between < 99 -499cells/ul, CD4+ T cells profiles
can be used to monitor the patients’ success on HAART.
High baseline CD4+T cell counts at > 500cells/ul with the
present HAART regimens are significant risk factors for
developing immunological failure. Also CD8+Tcell count
profile can be specifically used to monitor treatment only
after one year on HAART with patients who were initiated
with a baseline CD8+Tcell count at >1000cells/pl. As
observed in our study hemoglobin concentration improved
with HAART irrespective of the baseline in all groups and
remained stable among groups III and IV. Furthermore the
platelet profile shows that with the present HAART
regimens, not only platelets improvement was noted, but
also the ability of bringing abnormal high platelet counts
to normal levels was possible. Thus, white cell count can
be used to predict treatment outcomes among patients.
Our study had equally established that in the eosinophil
profile at high baseline eosinophil count > 3%, groups III



55 American Journal of Microbiological Research

and IV trend could be used to evaluate treatment outcome,
meanwhile, at baseline < 3%, only group IV trend could
be useful in predicting treatment outcome.
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