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ABSTRACT

Monitoring individuals with HIV infection/AI DS requir es the use of expensive tools, which are not readily available
in resource-limited settings. The high cost of CD4 count estimation in resource-limited countries is a major
challenge in initiating patients on highly active antiretroviral therapy (HAART). This study was initiated to
ascertain the reliability of total lymphocyte count as a substitute for CD4 cell count in indigenous areas. 451
patients who had visited the clinic in FMC, Owo (HIV counseling and testing (HCT) unit and the global HIV/IAIDS
Initiative Nigeria (GHAIN)-Supported laboratory), between July 2014 and August 2015 were randomly recruited in
this prospective cross sectional study. The recruited subjects were analyzed for CD4 counts & TLC to determine the
correlation between TLC and CD4 cell counts. Spearman correlation between TLC and CD4 cell count were
determined. Sensitivity, specificity, positive and negative predictive val ues of different TLC values was computed for
CD4 count <200 and <350 cell/mm?. This study showed positively significant correlation between TLC and CD4
counts and also it revealed reasonably adequate sensitivity and specificity to consider TLC as a substitute for CD4
count. Thus, TLC may be helpful in deciding when to initiate antiretroviral therapy and thus acts as a surrogate
marker for CD4 counts in resource-poor settings.
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INTRODUCTION

For years now, the entire world has been grapphiitly the rapid spread of HIV/AIDS. It has been estied that
over 90% of people living with HIV live in develam countries. The AIDS epidemic has resulted iargfic cost

in terms of loss of lives and life-quality worldveidespecially in Africa, where 70% of deaths frofvHl infection
have been documented [1, 2]. Monitoring individualth HIV infection/AIDS requires the use of expamstools,
which are not readily available in resource-limitattings [3]. The high cost of CD4 count estimaitilo resource-
limited countries is a major challenge in initigipatients on highly active antiretroviral therdp\AART) [4]. Due

to this, the World Health Organization (WHO) spisfthat CD4 count testing is suitable but not etsslefor
HAART use in resource-limited settings [5]. Sevesdlidies have demonstrated the importance of atesolu
lymphocyte count (ALC) or total lymphocyte countL@) in identifying patients who would benefit froimitiating
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prophylaxis for acquired immunodeficiency syndro(#¢DS) and related opportunistic infections [5,®, The
identification of laboratory tests that help thénidian to predict progression is useful not onty mhonitor the
patients’ disease evolution but also to defineritjiet time to initiate treatment [2, 8].

In April 2002, the WHO recommended the use of alisdlymphocyte count as an alternative marker wih@b4+

cell count is not available or is not affordablemntal lymphocyte count of less than 1,000-1,208p%ocytes/mrh
could be used as a threshold value to initiateemntiviral therapy [6, 9]. WHO has suggested tbaltlymphocyte
counts (TLC) could work as a potential marker fomiunosuppression whenever CD4 counts are unawailahl
because TLC could be easily obtained from routoraplete blood cell (CBC) counts by multiplying thercentage

of lymphocytes by the white-blood-cell count [2, Flatients with low CD4+ T lymphocyte cell countvhebeen
reported as long-time infected patients than thwatie higher CD4 count [10]. Thus, it is obvious thete starters of
highly active antiretroviral therapy with CD4 cous200 cellsil have significantly poor response to therapy and a
worse prognosis when compared with early startéfshigher CD4+ T cell count [11, 12].

On the other hand, there is a report which shoWwatdTLC has a low sensitivity and specificity, west optimal for
identifying patients requiring HAART [4], while atteer says TLC has a high specificity to identifytipats for
prophylaxis, but a quite low sensitivity as a sgat@ marker to CD4+ T-cell counts in HIV-infectedtipnts [2].
This showed that the available evidence regardiigyissue is still controversial. In addition, ma$tthe previous
studies in different settings were used small sangizes which were even one of the major limitatiaf
Srirangaraj and Venkatesha’'s work in 2011. Thiglgtwas initiated to ascertain the reliability ofablymphocyte
count as a substitute for CD4 cell count in indmenareas using relatively large sample size.

MATERIALS AND METHODS

Study design and setting

After obtaining an approval from the Federal Mebic2dentre (FMC) Joint Ethics Review Committee
(FMC/EC/102014) and written informed consent (apptbby the FMC Ethics committee) from each subjeet,
randomly recruited 451 patients who had visiteddlgc in FMC, Owo (HIV counseling and testing (FICunit
and the global HIV/AIDS Initiative Nigeria (GHAINyupported laboratory), between July 2014 and Aug0%56 in
this prospective observational cohort study. Deraphic data, such as age and gender, were recdrbdedgatients
were further divided into two groups: HIV-infectpdtients on treatment (n=246) and HIV-infectedqras without
previous antiretroviral therapy as naive (n=205).

Selection and description of participants

All recruited subjects were both newly diagnosedHdV (naive) and HIV-infected patients on ART theent at
FMC, Owo HIV counseling and testing (HCT) unit a&héd global HIV/AIDS Initiative Nigeria (GHAIN)-Suppted
laboratory.

After taking an informed consent for HIV testingese individuals, voluntarily attending the clinicderwent pre-
test counseling, followed by HIV testing as per strategy |1l of the NACO guidelines (for HIV tesg) [13]. After

post-test counseling, those found HIV positive weaferred to the ART Centre, where they underweatART

counseling. After clinical evaluation, informed cemt was taken from these patients and they weadleshinto the
study if they satisfied the inclusion criteria. Beofound eligible for ART as per the WHO guidelifj&4] were
started on anti-retroviral therapy.

Inclusion Criteria
All the volunteer subjects above 18 years of agstetl to be HIV-positive and either are on pridti-egtroviral
therapy (ART) or naive are recruited for the study.

Exclusion criteria
All HIV-seronegative subjects, HIV-infected subgetith pregnancy or breastfeeding and those be®wears of
age were excluded from the study.

Blood Collection
Five (5) ml of venous blood was collected usingylethe diamine - tetra acetic acid (EDTA) vacutaindres for
CD4 and complete blood count between 9.00am to0l2odn with all bio-safety precautions [15]. Blosamples
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were transported in cold chain boxes to the glél®/AIDS Initiative Nigeria (GHAIN) supported labatory for
CD4 absolute counts and haematology assays, ddhimwix hours of sample collection.

Haematology Assay and TLC Calculation

Haematology parameters including packed cell vol§R@V), white blood cell (WBC), lymphocyte countene
determined using the Automated Haematologic Analy3gsmex, KX-N21 (Japan) as described by Olaniyale
[16] and Akinbo et al. [17]. TLC was derived fromBC by multiplying the percentage of lymphocyteshnibtal
white-blood cell count [2, 9].

Immunologic Indices Analysis

The samples for CD4 count were prepared and assaetthe Partec cyflow counter (Partec flow cytomete
GMBH, Germany) according to the manufacturer’sringions. Flow cytometry (cell measurement) is acpss
used to count, identify, and sort various typeselfs. This technique is based on adding monoclantibodies
(MADb) to a blood sample and running the fluid thghua light source, usually a laser beam [18, 19, Z0CD4
count was calculated by dividing CD4 counts withCTand multiplying it by 100 [2].

Statistical analysis

The continuous variables were presented as meadsstamdard deviation using independent studensti-te
Spearman correlations between TLC and CD4 cell taeme assessed. Sensitivity, specificity, posifivedictive
value, and negative predictive values of variousD4Count and TLC cut-offs were computed for CD4mtat200,
200-500 and>500 cells/cu.mm thresholds. The level of signifimamwas taken at 95% confidence interval and P
value less than 0.05 was considered significant. sédtistical analyses were performed using SPS8vae
(version 17.0, SPSS, Chicago, USA).

RESULTS

A total of 451 HIV infected subjects, which wererther divided into two groups: HIV-infected patientvith
previous antiretroviral therapy (ART) (n=246) antWVHnfected subjects without previous antiretroVitiaerapy as
naive (n=205), were recruited for the study. Theruted subjects were analyzed to determine theelation
between TLC and CD4 cell counts and to find outtwbeTLC can be used as a substitute for CD4 celhts in
resource-limited setting in both groups.

Each of the groups is comprising (61 males andféB8tales) and (61 males and 144 females) respectiiéh the
overall age ranged from 18 to 70 years, and age ka9 years. Mean, standard deviation (SD), mrediad range
values for the total lymphocyte counts and CD4 hlteacounts are presented in Table 1 for eacheftbups.

Table 2 shows comparison between %CD4 of < 15%)% and >20%, and CD4 cell counts<®00, 200-500 and
>500 cells/mm thresholds respectively among overall recruitegjeszis. Thus, 79.1% of subjects with < 200 ¢D4
cells/mn? also had <15% CD4and 89.5% of subjects with500 cells/mmalso had > 20% CD4 cells.

Correlations of total Lymphocyte count (TLC) withD@ cell counts and %CD4 cells are shown in Tabl&t&re
was highly significant correlation between TLC a@®4 cell counts within the two groups, but it weadd
considerably when the subjects were stratified groups based on their respective CD4 cell couft€ also
showed positive significant correlation within tlyeoups, but significant inverse correlation wasesbsd with
%CD4 cell counts only within the stratified groups.

As shown in table 4 when we used a threshold value 500 cell/mm, we has maximal combination of sensitivity
(91.9%), PPV (67.0%) and NPV (84.1%), but with sfieity of only 48.7% for a CD4 cell counts <200lisémn’.
The same limit also gave maximal combined sengjti(¥2.8%), specificity (86.1%), PPV (80.8%) and \NP
(79.7%) for CD4 cell counts350 cells/mm (Table 5).

In table 6, a TLC oK1, 500 cells/mihad sensitivity of only 48.6% to detect subjectthva %CD4 <20% and a
specificity of 81.5%. Also, the same threshold eapirovided a sensitivity of 62.6% and a specificify76.1% to
predict subjects with %CD4 <15%. Figure 1 showeddritiution of TLC and CD4 T-cell counts of HIV-irded
patients in both groups.
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Table 1: Mean and Range of CD4 counts and TLC betvem both sexes among HIV infected patients for botgroups

Markers Sex (n) CD4 (cells/mn? TLC (cells/mm®)

Median | Mean+SD Range | Median Mean+SD Range
Male (n=61) 423.0 | 43294248 85-1198 1700.0 189888.0 | 875-4845
With previous ART Female (n=185) 443.0 461.7+2340 91-1490 1815.0 7.08B77.7 | 868-3933

Combine (n=24€¢ | 434.E | 454.6+237. | 85-149( | 1803.( | 1882.5.0+648. | 868-484¢
Male (n=61) 338.0 | 401.3#254.0 74-1064 1824.0 197888.3 | 616-5544
Without previous ART | Female (n=144) 427.0| 440.2#237/4 84-1121 1945 228734.4 | 784-4500
Combine (n=205)]  415.0| 428.6+242|8 73-1121 1920.0 0983781.4 | 616-5544

Table 2: Comparison between different groups of %CR and CD4 cell counts among overall recruited subggs

B CLUSTER OF DIFFERENTIATION (cells/mm 9)
P=0.00 <200 200 — 500 >500 Total
<15% CDA| 68 (79.1%) 27 (13.3%) 4 (2.5%) 99 (22.0%)
vecha | <20% CD4| 18 (20.9%) 78 (38.4%) 13 (8.0%) 109 (292
>20% CD4 - 98 (48.3%) 145 (89.5%) 243 (53.9%)
Total 86 (100.0%) | 203 (100.0%)| 162 (100.0%) _ 451 (L0%)

20% CD4 cells.

79.1% of patients with less than 200 CD4" cells/mnT also had less than 15% CD4" cells and 89.5% of subjectswith = 500 cells/mn’ also had >

Table 3: The Spearman rank correlation between totaymphocyte count (TLC) and CD4cell counts and %CD4 cells

TLC (cells/rmm® | N | CD4' cell count (cells/mmni) % CD4" (%)

r p-Value r | p-value
HIV-infected patients in treatment group
All subjects 246 0.761** 0.000 0.296** | 0.000
<200 34 0.429* 0.011 -0.698 0.699
200 — 500 123 0.370** 0.000 -0.407** 0.000
>500 89 0.396** 0.000 -0.562** | 0.000
HIV-infected patients without previous antiretrovir al therapy group
All patients 205 0.646** 0.000 0.340** 0.000
<200 52 0.501** 0.000 0.196 | 0.591
200 — 500 123 0.370** 0.000 -0.407** 0.001
>50C 73 0.03¢ 0.12¢ -0.350+* 0.00(

* correlation significant (p<0.05)
** correlation significant (p<0.01)

Table 4: Combined sensitivity, specificity, PPV, NF value of total lymphocyte counts for absolute CD4T-Lymphocyte counts less than

200 cell/mn?

TLC (cells/mm® | N | Sensitivity (%) | Specificity (%) | PPV (%) | NPV (%)
<1,00(¢ 14 16.2 100.( 100.( 514
<1,200 57 66.3 86.0 96.6 71.8
<1,500 79 91.9 48.7 67.0 84.1
<1,700 83 96.5 27.6 60.1 87.5
<2,000 85 98.8 13.2 56.3 90.9
<2,200 86 100.0 5.3 54.4 100.0
<2,500 86 100.0 3.4 53.1 100.0

Table 5: Combined sensitivity, specificity, PPV, NF value of total lymphocyte counts for absolute CD4T-Lymphocyte counts<350
cel/mm?

TLC (cells/mm?) N Sensitivity (%) | Specificity (%) | PPV (%) | NPV (%)
<1,000 14 8.6 100.0 100.0 57.6
<1,200 59 36.4 100.0 100.0 66.1
<1,500 118 72.8 86.1 80.8 79.7
<1,700 138 85.2 70.1 69.7 85.5
<2,000 151 93.2 42.2 56.6 88.5
<2,200 158 97.5 24.9 51.1 92.6
<2,500 162 98.2 29.7 44.6 95.6
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Table 6: Ability of total lymphocyte count (TLC) to predict % CD4" cells at <20% and <15%

<20% CD4 <15% CD4
TLC (Cells/mm?) | Sensitivity (%) | Specificity (%) | Sensitivity (%) | Specificity (%)
<1000 6.7 100.0 12.1 99.4
<1200 274 99.2 414 94.9
<150¢ 48.€ 81t 62.€ 76.1
<1700 57.7 67.9 71.7 63.9
<2000 67.3 47.7 75.8 54.0
<2200 75.0 37.0 79.8 34.7
<2500 84.1 22.6 84.8 20.7
15001 = <200 15001 " <200
®200- 500 ® 200-500
>=500 >=500

1000

1000

CLUSTER OF DIFFERENTIATION
CLUSTER OF DIFFERENTIATION

& IR0
® ﬁ. ®
‘ S [] ..‘ %% »

TOTAL LYMPHOCYTE COUNTS (TLC) TOTAL LYMPHOCYTE COUNTS (TLC)

(a) With ART treatment (graph above) (b) Without previous antiretroviral (Naive)

Figure 1: Distribution of TLC and CD4 T-cell counts of HIV-infected patients.
DISCUSSION

Monitoring individuals with HIV infection/AIDS reqtes the use of expensive tools, which are notikgadailable
in resource-limited settings [3]. It had been elighld that an absolute CD4 threshold of 200 aefis/ could
define when prophylaxis treatment should be irétiaf2]. The high cost of CD4 count estimation isaerce-
limited countries is a major challenge in initigipatients on highly active antiretroviral therdp\AART) [4]. Due
to this, the World Health Organization (WHO) spisfthat CD4 count testing is suitable but not etsslefor
HAART use in resource-limited settings [5]. Thuserte is a need to evaluate other less expensivegsitie markers
like total lymphocyte count (TLC) in initiating pehts on highly active antiretroviral therapy Selestudies have
demonstrated the importance of absolute lymphocgtat (ALC) or total lymphocyte count (TLC) in idéging
patients who would benefit from initiating prophyia for acquired immunodeficiency syndrome (AIDS)da
related opportunistic infections [5, 7].

In this study, we have demonstrated reliabilityTafC as a surrogate measure for CD4 cell counts esutine
marker of immune status in indigenous areas. A mibgear regression analysis was applied to the detd the
sensitivity and specificity of the World Health @rgzation recommended TLC thresholds corresponttingD4
count <200, 200-500 and >500 cells/fwrere determined.

Several studies have revealed that TLC can be tospibdict the CD4 cell count in immune-compromipatients.
Blatt et al. [6] discovered that TLC was a usefudlicator of significant immunosuppression patiestsl also
Kumarasamy et al. [9] and Srirangaraj and Venkatef] found that TLC could serve as a low-costapagter to
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determine when to initiate prophylaxis in resoucoastrained settings. Whereas, some other stunlieslfthat TLC
is not a good predictor of CD4 cell count [2, 3].21

This study revealed a good positive significantelation between TLC and CD4 counts with spearn@aretation
(r=0.761 and r=0.646 for HIV-infected subjects WKRT and previous without ART treatments respedyiveOur
observation corroborates what was observed in IffliaEngland [22], North American [23] and Soutlriéan
[21]. In contrast, Akinola et al. [3] demonstratadpoor correlation while Angelo et al. [2] reportecaker
correlation, when comparing all data. We found alkvpositive correlation between TLC and %CD4 cellirtt
among the groups, but significant inverse corretativas observed with %CD4 cell counts only withia stratified
groups. This is similar to what was reported bytBdhal. [6]; Van Der Ryst et al. [21] and Angelbal. [2].

When we used a threshold value of 1, 500 celffmme has maximal combination of sensitivity (91.9BPV
(67.0%) and NPV (84.1%), but with specificity oflp#8.7% for a CD4 cell counts <200 cells/fn#e found that

a better result was observed when the same lired ghve maximal combined sensitivity (72.8%), Speti
(86.1%), PPV (80.8%) and NPV (79.7%) for CD4 celliets<350 cells/mm. Our observation was in agreement
with the report documented by Kumarasamy et alafg] Blatt et al. [6]. This indicates that suchnaitl could be
used to safely detect immune-compromised patientd @ initiate early prophylaxis against opporttinis
infections.

On the other hand, one of the previous reportsdhadved that TLC has a low sensitivity and spedifieind was
not thus optimal for identifying patients requirirbAART [4, 7], while another says TLC has a higledgficity to
identify patients for prophylaxis, but a quite I®@&nsitivity as a surrogate marker to CD4+ T-celinde in HIV-
infected patients [2].

CONCLUSION

Our findings in this study revealed a good posisignificant correlation between TLC and CD4 couantsl also it
revealed reasonably adequate sensitivity and sgiecifo consider TLC as a substitute for CD4 codfrtius, TLC
may be helpful in deciding when to initiate antio®iral therapy and thus acts as a surrogate méoke€2D4 counts
in resource-poor settings.
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