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Background: Reference intervals for clinical laboratory parameters differ based on several factors, including age, sex, genetic variation,
and geographic location. This variation influences clinical decisions and treatment monitoring. Currently, Ethiopia has used adopted
reference intervals from manufacturer values derived from non-Africans. Therefore, the aim this study was to determine reference intervals
for absolute and percentage CD4+ T cells for an apparently healthy population in Addis Ababa, Ethiopia.
Methods: A community-based cross-sectional study was conducted on 361 apparently healthy people in four subcities in Addis Ababa
from January to June 2019. Sociodemographic and clinical data were collected using a structured questionnaire after informed consent had
been obtained. Blood samples were collected and CD4+ T-lymphocyte enumeration performed using a BD FACSPresto near-patient CD4
counter. Data were entered and analyzed using SPSS 20. Reference intervals were determined by a nonparametric test estimating percentiles
2.5 (lower limit) and 97.5 (upper limit) with 95% CIs. P<0.05 was considered statistically significant.
Results: A total of 337 (183 female and 154 male) healthy participants of median age 28 (IQR 17–35) years were included in the final
analysis. Medians of absolute and percentage CD4+ T-cell counts (932.0 and 42.9, respectively) of female participants were significantly
higher than male participants (802.5 and 38.7, respectively; P<0.05). Reference intervals for absolute CD4+ T-cell count and percentages in
males were 483.8–1,310 cells/µL and 18.1–57.3 and in females 447.8–1,479.8 cells/µL and 25.6–58.9, respectively.
Conclusion: The CD4+ T-count reference intervals established in this study showed some inconsistency from the manufacturer’s
provided values and other studies and also revealed sex differences, necessitating sex-specific locally established reference intervals.
Keywords: reference interval, CD4 count, %CD4, Ethiopia

Introduction
CD4+ T-cell count is the main parameter in the establishment and monitoring of the immunostatus of a person in both
healthy and diseased conditions.1 It had been an important tool in the initiation and monitoring of highly active
antiretroviral therapy until recent years, when the strategy was changed so that people received treatment regardless of
the count.2 The CD4+ T cell is the centerpiece of adaptive immunoresponses in our body. In addition, the number of
CD4+ T cells in circulation provides important information about the immunocompetence of an individual. Clinical
applications of enumerating CD4+ T cells include the diagnosis of such immunodeficiency disorders as AIDS and other
opportunistic infections.3

HIV infects CD4+ T lymphocytes and causes both direct and indirect destruction, leading to their gradual loss in the
peripheral circulation, hence CD4+ T-cell counts are being used to monitor disease progression in HIV infection and to
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initiate prophylactic treatment for opportunistic infections.4 Because HIVaffects and replicates in CD4+ T lymphocytes, the
severity is reflected by quantifying absolute CD4+ T-lymphocyte numbers per total blood volume and percentages of CD4+ T
cells per total lymphocyte count.5,6 Values are interpreted against reference interval (RIs) specific to the local population.

According to the Clinical and Laboratory Standards Institute (CLSI) and National Committee of Clinical Laboratory
Standards, an RI is defined as the value or test result obtained by the observation or measurement of a particular type of
quantity on an adequate number of persons (reference sample group) selected to represent the general population. RIs are
usually presented as the interval between two reference limits ie, from the lower reference limit to the upper reference
limit defined by a specific percentage (usually 95%).7,8

CD4+ T-cell RIs vary and are affected by such factors as sex, age, geographic location, socioeconomic status, ethnicity, time
of specimen collection, diet, pregnancy, altitude, and physical and psychological stress.9–13 Ethiopia has a heterogeneous
population and there are no national RIs for CD4+ T lymphocytes, except in some studies from different parts of the
country.11,14 Currently, there is a difference in RIs used in Ethiopia, which have been adopted from textbooks derived from
non-Africans or studies conducted on different population groups and regions in Ethiopia. Since RIs are important for clinical
laboratory test interpretation and provision of quality patient care, it is crucial to have well-determined local RIs. The present
study thus aimed to determine CD4+ T-cell RIs in apparently healthy individuals in Addis Ababa, Ethiopia.

Methods
Study Design, Period, and Setting
This community-based cross-sectional study was conducted among apparently healthy individuals in Addis Ababa, the
capital city of Ethiopia, from January to June, 2019. The city lies at 2200–2500 m above sea level. It is the largest city in
the country by population and is 527 km2, with a total population of 3,384,569 according to the 2007 census.15

Probability proportional-to-size sampling was employed to select four subcities (Arada, Kirkos, Akaki, and Yeka). All
woredas (lowest administrative units) in these were included. The subcities were sampled based on considerations of cost
and feasibility and representation of all subcities of Addis Ababa (four of ten). Study participants were selected using
systematic random sampling by considering woreda as a sampling frame and then households the final selection units.
Individuals in households fulfilling the eligibility criteria and willing to participate were included. The minimum sample
size recommended by the CLSI is 120, but it also recommends sex partition with a power of 90%8 and an assumption of
30% exclusion16 from data analysis, due to various factors when testing for the common viral infections and chronic
diseases. Study participants were approached by health extension workers and invited to a nearby health facility.

Apparently healthy participants aged 15–60 years who fulfilled the eligibility criteria were included in the study.
Apparently healthy participants were defined as those who had no prior diagnosis of diseases, and were recruited without
any clinical symptoms or signs of illness due to diseases. Sociodemographic and clinical data were collected using a
structured questionnaire by trained data collectors, and physical examinations and anthropometric measurements were
carried out by trained health professionals. Those discovered to have chronic illnesses like diabetes mellitus, chronic
renal insufficiency, hypertension, ischemic heart disease, anemia, thyroid abnormalities, liver diseases, or cancer of any
type, taking pharmacologically active substances, with a history of smoking and alcohol consumption, intestinal
parasites, HIV infection, high CRP, had donated blood within the previous 3 months, had received blood transfusion
(s) within the previous year, or pregnant were excluded. These exclusion criteria were diagnosed either clinically and/or
through biological diagnosis.

Data Collection
Sample Collection and Laboratory Analysis
Blood samples of about 4 mL were collected in EDTA tubes. To minimize diurnal variation, samples were collected
before 11 am. All samples were labeled with a unique identification number, and CD4 analysis was performed at
maximum within 8 hours with a FACS Presto (BD, San Jose, CA, USA) point-of-care instrument at the National HIV
Reference Laboratory, Ethiopian Public Health Institute. BD FACSPresto™ CD4 point-of-care technology has been in
use in Ethiopia since 2016, and has acceptable agreement with the FACSCalibur for CD4+ T-cell counts and CD4%.17 All
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laboratory tests were carried out following standard operating procedures and the manufacturer’s instructions by trained
medical laboratory technologists. The FACSPresto has an inbuilt quality-control system, and the laboratory is participat-
ing in an external quality-assurance scheme to determine the accuracy of its results.

Statistical Analysis
Data were entered and analyzed using SPSS 20. The distribution of data was assessed and data were summarized and
presented as means ± SD and medians with IQRs for continuous variables and absolute numbers with percentages for
categorical variables. RIs were determined by nonparametric test estimating percentiles 2.5 (lower limit) and 97.5 (upper
limit) with 95% CIs.8 The 95% range was taken as an RI. P<0.05 was considered statistically significant.

Results
Sociodemographic Characteristics
A total of 361 apparently healthy individuals aged 15–60 years were enrolled for absolute and percentage CD4+ T-cell RI
determination. Of these, 24 were excluded due to chronic illness, parasitic and HIV infections, and high CRP. A total of 337
participants were included in the final analysis. More than half (54.3%) were female. Median age was 28 (IQR 17–35) years,
while 33.8%were single and 32.9%married. Amajority (79.2%) had completed secondary school (44.8%) while those with a
college education and above accounted for 34.4%. Of all participants, 36.5% were government employees (Table 1).

Absolute CD4-Count and -Percentage Reference Intervals
RIs for absolute CD4+ T-cell counts and CD4% of the study participants were 478.6–1434.9 and 26.0–54.7, respectively
(Table 2). Absolute CD4+ T-cell counts of female participants (median 932.0, IQR 742.0–1111.0 cells/µL) were
significantly higher than those of male participants (median 802.5, IQR 653.5–938.3 cells/µL; P<0.05). CD4+ T-cell
percentages were also significantly higher in female participants (mean 42.8±6.5) than male participants (mean 38.1±7).
The RIs for absolute CD4+ T-cell counts for female and male participants were 447.8–1479.8 and 483.8–1310 cells/µL,
respectively. RIs for CD4+ T-cell percentages were 29.3–56.5 for female participants and 24.3–48.9 for male participants,
while RIs for the total study population for absolute CD4+ T-cell counts and CD4+ T-cell percentages were 478.6–1434.9
cells/µL and 26.0–54.7%, respectively (Table 2).

The study also tried to describe the current findings in the context of the RIs given by the manufacturer and other
studies in Ethiopia and elsewhere (Table 3). As can be seen in the table, inconsistencies were seen in the RIs from the
different countries. For example, while percentages for males were lower for both lower and upper limits, absolute counts
were within the range of RIs provided by the manufacturer. In females, the upper CD4-count limit given by the
manufacturer was higher than the current finding.

Discussion
Infections like HIV infect CD4+ T lymphocytes and cause both direct and indirect destruction, leading to their gradual loss
in peripheral circulation. Therefore, measuring CD4+ T cells is important for the diagnosis of immunodeficiency disorders,
including HIV/AIDS, as well as initiating prophylactic treatment for opportunistic infections.4 The FACSPresto is widely
available in health facilities and antiretroviral treatment centers in Ethiopia to measure CD4+ T-cell counts, and has been
evaluated as having acceptable agreement with the conventional platform (FACSCalibur) for CD4+ T-cell counts and
percentages.17 The intervals are also useful for interpreting data in clinical research and vaccine trials to select eligible
individuals. There are some efforts underway toestablish RIs in Ethiopia,10,11,14,18 though there are no uniform RIs for
absolute CD4+ T-cell counts or percentages at a national or regional level.

The current study aimed to establish RIs for absolute and percentage CD4+ T-cell counts for an apparently healthy population
of Addis Ababa. Thus far, most studies have reported that Ethiopian RIs were low compared to other Western populations (eg,
healthy Dutch blood donors)11 or other African countries (eg, Uganda),19 due to physiological, environmental, and geographic
factors. An earlier study in Ethiopia revealed that there was no difference in CD4+ T-cell counts between cord blood of Ethiopian
and Dutch populations, but with apparent differences with increased age, underscoring the fact that differences are due more to
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environmental factors.20 These indicate that the establishment of CD4+ T-cell count RIs for the local population is critical for the
interpretation of laboratory test results and delivering quality health-care services.

This study revealed significant sex differences in absolute CD4+ T-cell counts and percentages: higher in female
(median 932.0 and mean 42.8±6.5, respectively) than male(median 802.5 and mean 38.1±7.0, respectively) participants.
This result supports findings from previous studies in Ethiopia,11,14,18 Kenya,21 Botswana,22 Nigeria,23 and India.24 This

Table 1 Sociodemographic characteristics of study participants

n %

Sex Female 183 54.3
Male 154 45.7

Age (years) 15–24 123 36.5

25–34 121 35.9
35–49 72 21.4

≥50 21 6.2

Marital status Single 114 33.8
Married 111 32.9

Divorced 9 2.7
Widowed 14 4.2

NA 87 25.8

Education Illiterate 12 3.6
Able to read and write 5 1.5

Primary 51 15.1

Secondary 151 44.8
College and above 116 34.4

Occupation Student 105 31.2

Housewife 40 11.9
Government employee 123 36.5

Private employee 61 18.1

Others 6 1.8

Notes: Some of the column totals do not add up to a total of 337 because of missing data. Participants with
missing values were left out of the analysis for each variable. NA=Not applicable and refers to those aged
15 to 17 year.

Table 2 Absolute CD4 counts and percentages

Mean ± SD Median (IQR) Range 95% RI
(percentile
2.5–97.5)

Lower limit
95% CI

Upper limit
95% CI

P*

Absolute
CD4 count
(cells/µL)

Male
(n=154)

817.3±205.2 802.5 (653.5–938.3) 405–1379 483.8–1310.0 408.1–530.3 1203.6–1375.3 <0.001

Female

(n=183)

931.5±252.4 932.0 (742–1111) 343–1684 447.8–1479.8 347.7–550.4 1418.3–1620.1

Total

(n=337)

879.3±238.6 856.0 (705.5–1040.5) 343–1684 478.6–1434.9 407.3–523.9 1317.2–1483.5

CD4
percentage

Male
(n=154)

38.1±7.0 38.7 (33.6–42.9) 18.1–57.3 24.3–48.9 18.3–27.2 47.4–57.2 <0.001

Female

(n=183)

42.8±6.5 42.9 (38.3–47.5) 25.6–58.9 29.3–56.5 25.8–32.4 53.7–58.5

Total

(n=337)

40.7±7.1 40.8 (35.8–45.2) 18.1–58.9 26.0–54.7 24.3–28.8 52.5–57.3

Note: *P-values were computed with the Mann–Whitney U and independent-samples t-test comparing the medians and means of CD4 parameters based on gender.
Abbreviation: RI, reference interval.
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finding might be explained by sex-hormone differences between the sexes influencing both absolute CD4+ T-cell counts
and percentages.13 This indicates that the immune system is regulated by sex hormones, since lymphocytes, important
cells in the immune system, have receptors for estrogen and androgen.30

Since there were significant differences of absolute CD4+ T-cell count and percentages in male and female
participants, it was appropriate to develop different RIs for the male and female populations. Therefore, RIs for male
and female participants are reported as 483.8–1310.0 cells/µL and 447.8–1479.8 cells/µL for absolute counts and 24.3–
48.9 and 29.3–56.5 for percentages, respectively.

The RIs of absolute CD4 counts and percentages obtained in this study were compared with other studies. In the
present study, the lower and upper limits for counts were higher than previous studies in Ethiopia10,11,18 and lower than
studies in Italy28 and Brazil.29 The lower and upper limits for percentages were higher than previous studies in Uganda19

and lower than Botswana22 and Italy.28 The lower percentage limit for males is comparable to the Kenyan study.21

The lower male limit for absolute CD4+ T-cell count in this study is higher than that from previous studies in
Ethiopia,11,18, other African countries,19,21–23, and India.24 On the other hand, the upper limit is generally lower than
values from African countries21 and in India.24 The lower limit for female absolute CD4+ T-cell count in the present
study is higher than values from studies in Uganda,19 Nigeria,23 CAR,27 and the user guide,25 while the upper limit is
lower than those from studies in Kenya,21 Uganda,19 Nigeria,23 Botswana,22 and India.24

The observed differences from other studies might be due to genetic, ethnic, and study-population variations and
differences in methodologies, eg, the FACSPresto platform was used for CD4+ T-cell counts in the present study. The
FACSPresto near-patient CD4+ T-cell counter has been distributed among most health facilities in Ethiopia.17 Therefore,
determining RIs using this platform is of paramount importance.

This study meets the minimum CLSI requirements for establishing valid RIs, though there are limitations. Participants
were recruited from the highland and may not be representative of the lowlands. Also, Ethiopia has a diversity of ethnic
groups, and our data represent only a healthy population in Addis Ababa.

Conclusion
Absolute CD4+ T-cell count RIs established in this study were somewhat different from the manufacturer’s kit insert and
previous studies. While the absolute count for males was within the range of RIs provided by the manufacturer, in females the
upper limit was lower than that given by the manufacturer. Sex differences were also noted, signifying the importance of

Table 3 Comparison of reference intervals of the current study with other studies in Ethiopia and other countries

Study CD4% Absolute CD4 count (cells/µL)

Male Female Total Male Female Total

Current study 24.3–48.9 29.3–56.5 26.0–54.7 483.8–1310.0 447.8–1479.8 478.6–1434.9

Manufacture (Users guide) RI25 29–54 32–55 NA 462–1306 440–1602 NA
Gondar, Ethiopia18 NA NA NA 265–1685 321–1389

Bahir Dar, Ethiopia10 NA NA NA 307–1081 390–1191 307–1105

Addis Ababa, Ethiopia11 24.7–53.7 29.0–57.9 NA 306–1249 456–1368 366–1235
Gojjam zone, Ethiopia14 NA NA NA 414–1474 436–1695 396–1598

Amhara region, Ethiopia26 18–49.1 21.3–52.9 NA 400–1406 466–1523 NA

Kenya21 24–46 23–53 24–48 320–1459 422–1572 343–1493
Uganda19 20.4–52.8 16.4–56.1 18.8–54.1 464–2154 368–2013 418–2105

Nigeria23 NA NA NA 351–1455 383–1654 365–1571

CAR27 NA NA NA 380–1617 386–1454 NA
Botswana22 28–34 32–57 29–57 333–1275 467–1603 374–1527

Italy28 NA NA 32–61 NA NA 493–1666

India24 25–49 27–54 27–51 381–1565 447–1846 448–1611
Brazil29 NA NA NA NA NA 540–1731

Abbreviations: NA, not available; CAR, Central African Republic; RI, reference interval.
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using separate RIs for male and female populations. For better laboratory test interpretation and patient management, locally
established RIs are important. A similar nationwide study is recommended to determine CD4+ T-cell and other lymphocyte
RIs for the Ethiopian population as a whole, taking age, geography, and other factors into consideration.

Data Sharing
All necessary data generated or analyzed during this study are included in this article.
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