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ABSTRACT

Background: Complete blood count (CBC) abnormalities have been
described in COVID-19, but evidence from private diagnostic laboratories
in North Africa remains limited. Objective: To describe selected
hematological findings and their interrelationships in patients evaluated
for COVID-19 in Tlemcen, Algeria.

Methods: This retrospective descriptive study included 50 patient
records from private medical biology laboratories between January and
March 2024. SARS-CoV-2 testing used PCR and rapid antigen assays on
nasopharyngeal swabs. Age, sex, white blood cell (WBC), red blood cell
(RBC), and platelet (PLT) counts, and lymphocyte (LYM%) and neutrophil
(NEU%) percentages were examined. Analyses comprised descriptive
statistics, Pearson correlations, and principal component analysis of
earlier (P) and episode-associated (R) measurements.

Results: Mean age was 61.4 + 14.7 years (range 16—89); 34 participants
(68%) were older than 60 years and 33 (66%) were female. Recorded
abnormalities included leukocytosis (16%), reduced and elevated
lymphocyte percentages (12% each), and leukopenia (10%). Lymphocyte
and neutrophil percentages were strongly inversely correlated at both
measurement periods (P: r=-0.968; R: r=-0.927). The first two principal
components explained 54.465% of the total variance.

Conclusion: This selected laboratory cohort showed heterogeneous
hematological findings. The strong inverse relationship between
lymphocyte and neutrophil percentages partly reflects their
compositional dependence. Incomplete characterization of sampling
times, missing clinical outcomes, and the absence of a control group
restrict interpretation to descriptive associations.

Keywords: covip-19, SARS-CoV-2, Complete Blood Count,
Lymphocytes, Neutrophils, Platelets, Algeria, Retrospective Study
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Introduction

Coronavirus disease 2019 (COVID-19), caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
encompasses a broad clinical spectrum, from mild
respiratory illness to pneumonia, respiratory failure, and
multisystem complications.*?Host immune responses and
inflammatory processes contribute to this heterogeneity and
are reflected, in part, in routinely measured hematological
parameters.?

Laboratory evaluation contributes to the clinical assessment
of patients with COVID-19. Among routinely available
tests, the complete blood count (CBC) is inexpensive
and can provide information on leukocyte, erythrocyte,
and platelet patterns. Reported abnormalities include
lymphopenia, neutrophilia, leukocytosis or leukopenia, and
thrombocytopenia, with the magnitude and direction of
these changes varying according to disease stage, severity,
comorbidities, treatment, and study setting.*®

Several studies have also examined derived inflammatory
indices, particularly the neutrophil-to-lymphocyte ratio
(NLR), as potential markers of disease severity.”' However,
interpretation of differential leukocyte percentages requires
caution because lymphocyte and neutrophil percentages are
compositional measures whose values are mathematically
interdependent. CBC abnormalities should therefore be
interpreted alongside clinical findings and, when available,
absolute cell counts and other inflammatory markers.

Algerian studies have documented COVID-19 epidemiology,
clinical presentations, and hematological findings, including
reports from Tlemcen and Oran.®>' Private laboratory
records offer an additional perspective on patients accessing
diagnostic services outside hospital-based research cohorts.
However, such records require cautious interpretation
because clinical information and the circumstances of
testing may be incomplete.

The present study therefore aimed to describe selected
hematological parameters in a cohort of patients evaluated
for COVID-19 in private laboratories in Tlemcen, Algeria,
and to explore correlations and multivariable patterns
among earlier and contemporaneous CBC measurements.
The study was intended as a descriptive analysis rather
than an assessment of diagnostic accuracy, prognosis, or
treatment response.

Methods
Study design and setting

This retrospective descriptive study was conducted in
private medical biology laboratories in Tlemcen, north-
western Algeria, using records collected between January
and March 2024. The analysis focused on demographic
information, SARS-CoV-2 test results, and selected CBC

variables available in the laboratory records. Because
the study was based on a convenience sample from
private laboratories, the cohort should not be considered
representative of all COVID-19 cases in Tlemcen.

Study population and available variables

The analysis included 50 anonymous patient records
containing demographic information, SARS-CoV-2 testing
information, and selected CBC measurements. Earlier
measurements were coded P and measurements associated
with the COVID-19 evaluation were coded R. The precise
interval between P and R, the completeness of paired
observations, and detailed eligibility criteria were not
documented in the available study information. R therefore
denotes an episode-associated laboratory measurement
rather than a standardized sampling time relative to
symptom onset.

The hematological variables were total WBC count, RBC
count, PLT count, LYM%, and NEU%. LYM% and NEU%
represent proportions of the total leukocyte differential;
their values are not absolute cell counts. RBC count was
analyzed as a cell count and was not used to diagnose
anemia.

SARS-CoV-2 testing

All specimens collected for SARS-CoV-2 testing were
nasopharyngeal swabs. Laboratory testing used real-time
reverse polymerase chain reaction (RT-PCR) and rapid
antigen tests. Serological assays were also used to establish
eligibility. The available aggregate study information did
not specify the participant-level distribution of PCR and
rapid antigen testing or the assay manufacturers.

Hematological classification

Abnormalities were summarized using the categories
recorded in the study dataset. Analyzer specifications,
measurement units, laboratory reference intervals, and
classification thresholds were not available. Frequencies
therefore represent recorded classifications rather
than abnormalities independently reassessed against
standardized reference limits. For the leukocyte differential,
the terms reduced or elevated lymphocyte or neutrophil
percentage are used to avoid implying an abnormal absolute
cell count. Categories were not mutually exclusive.

Statistical analysis

Data were organized in Microsoft Excel 2019 and analyzed
in SPSS version 21 (IBM Corp., Armonk, NY, USA). Age was
summarized using the mean, standard deviation, and range;
categorical variables were summarized as counts and
percentages. Each recorded abnormality was expressed
as a proportion of the full cohort (N = 50).

Pearson correlation coefficients summarized associations
among the 10 P/R hematological variables. Pairwise
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sample sizes, missing-data handling, and assessments of
distributional assumptions or outliers were not documented.
The original analysis used two-sided significance thresholds
of p < 0.05 and p < 0.01 without a reported multiplicity
adjustment. The present interpretation emphasizes
coefficient magnitude and direction; significance markers
are omitted because the effective pairwise denominators
cannot be established from the reported matrix.

Principal component analysis (PCA) was used to summarize
covariance among the 10 measurements. The first two
reported initial eigenvalues and their corresponding
percentages of explained variance are presented. Details
of preprocessing, component-retention criteria, rotation,
and adequacy diagnostics were not documented. The
analysis is treated as exploratory, and no inferential claims
are based on component separation.

Results
Demographic characteristics

The study included 50 patient records. Participants ranged
from 16 to 89 years of age, with a mean age of 61.4 +
14.7 years. Thirty-four participants (68%) were older
than 60 years. Females accounted for 33 cases (66%) and
males for 17 cases (34%). These proportions describe the
selected laboratory cohort and should not be interpreted
as population-level age- or sex-specific risk estimates.

Recorded hematological abnormalities

Leukocytosis was the most frequently recorded abnormality
(8/50, 16%). Reduced and elevated lymphocyte percentages
were each recorded in 6/50 patients (12%), followed by
leukopeniain 5/50 (10%). Low RBC count occurred in 4/50
(8%), and elevated RBC count, thrombocytopenia, and
elevated neutrophil percentage each occurred in 3/50
(6%). Reduced neutrophil percentage was recorded in
2/50 (4%) and thrombocytosis in 1/50 (2%) (Table 1). These
frequencies do not indicate the proportion of patients with
any abnormality because categories can overlap.

Percentages use the full cohort as denominator. Categories
may overlap. WBC, white blood cells; RBC, red blood cells;

PLT, platelets; LYM%, lymphocyte percentage; NEU%,
neutrophil percentage. Recorded classifications were not
independently validated against laboratory reference
thresholds.

Correlation analysis

The strongest inverse correlations involved LYM.P and
NEU.P (r = -0.968) and LYM.R and NEU.R (r = -0.927).
Positive correlations between earlier and episode-
associated measurements were observed for WBC (r =
0.582), RBC (r =0.476), PLT (r = 0.495), LYM% (r = 0.478),
and NEU% (r = 0.510). WBC.P correlated positively with
NEU.P (r = 0.533) and negatively with LYM.P (r = -0.542);
corresponding associations for the episode-associated
measurements were r =0.492 and r = -0.603, respectively
(Table 2 and Figure 1).

These correlations describe covariation among measured
variables and do not establish causality or prognostic
value. In particular, the very strong inverse correlations
between lymphocyte and neutrophil percentages should
be interpreted in light of the compositional nature of
differential leukocyte percentages.

P, earlier measurement; R, measurement associated with
COVID-19 evaluation. LYM and NEU denote percentages.
The lower triangle is omitted because the matrix is
symmetric. Coefficients are reproduced from the reported
analysis; pairwise sample sizes were unavailable.

Principal component analysis

The first two principal components explained 54.465% of
total variance. Component 1 accounted for 36.634% and
component 2 for 17.831%, with reported initial eigenvalues
of 3.663 and 1.783, respectively (Table 3). The remaining
variance was distributed across the other components.
These results summarize the reported variance structure
without establishing distinct biological pathways.

Eigenvalues and percentages are shown at the precision
reported in the analysis. The table presents initial
eigenvalues only.

Table |.Recorded hematological abnormalities in the study cohort (N = 50)

Parameter Recorded abnormality Patients, n Percentage
Leukocytosis 8 16
WBC .
Leukopenia 5 10
Low RBC count 4 8
RBC
Elevated RBC count 3 6
bLT Thrombocytopenia 3 6
Thrombocytosis 1 2
LYMO% Reduced lymphocyte percentage 6 12
° Elevated lymphocyte percentage 6 12
Elevated neutrophil percentage 3 6
NEU% -
Reduced neutrophil percentage 2 4
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Table 2.Pearson correlations among earlier (P) and episode-associated (R) hematological measurements

Variable | WBC.P | WBC.R | RBC.P RBC.R PLT.P PLT.R LYM.P LYM.R NEU.P NEU.R
WBC.P 1.000 0.582 0.064 0.037 0.274 0.152 -0.542 -0.382 0.533 0.381
WBC.R — 1.000 -0.124 0.078 0.206 0.035 -0.292 -0.603 0.249 0.492
RBC.P — — 1.000 0.476 0.117 -0.074 0.015 0.015 0.070 0.022
RBC.R — — — 1.000 0.204 0.112 0.157 -0.133 -0.087 0.090
PLT.P — — — — 1.000 0.495 0.020 0.013 0.006 -0.015
PLT.R — — — — — 1.000 0.050 0.113 -0.046 | -0.009
LYM.P — — — — — — 1.000 0.478 -0.968 | -0.472
LYM.R — — — — — — — 1.000 -0.490 | -0.927
NEU.P — — — — — — — — 1.000 0.510
NEU.R — — — — — — — — — 1.000

WBC.P

WBC.R

RBC.P

RBC.R

PLT.P

PLT.R

LYM.P

LYM.R

NEU.P

NEU.R

1.00

0.75

Pearson correlation coefficient

Figure 1.Heatmap of the Pearson correlation coefficients in Table 2. Red indicates positive and blue negative
correlations. Values are rounded to two decimal places for display. This visualization represents the reported
aggregate matrix and does not constitute a new patient-level analysis

Table 3.Initial eigenvalues and explained variance for the first two principal components

Component Initial eigenvalue Variance (%) Cumulative variance (%)
1 3.663 36.634 36.634
2 1.783 17.831 54.465
Discussion in 12%, leukopenia in 10%, and thrombocytopenia and

This retrospective analysis describes selected CBC findings in
50 patients evaluated in private laboratories in Tlemcen. The
cohort was predominantly older than 60 years and female,
but these distributions reflect the sampled records and do
not establish population-level susceptibility. Hematological
abnormalities were heterogeneous: leukocytosis was the
most common single abnormality (16%), whereas reduced
and elevated lymphocyte percentages were each recorded

elevated neutrophil percentage in 6% each.

The direction and frequency of these changes are broadly
compatible with heterogeneous hematological patterns
reported in COVID-19.>%%>*However, recorded frequencies
in this study should not be directly compared with hospital
cohorts enriched for severe disease. Low RBC count should
not be equated with anemia in the absence of hemoglobin,
hematocrit, red-cell indices, and laboratory reference
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ranges. Similarly, platelet and leukocyte abnormalities may
reflect infection, comorbidity, medication use, intercurrent
bacterial infection, or other clinical factors that were not
captured in the available dataset.

The correlation analysis showed marked inverse relationships
between lymphocyte and neutrophil percentages, both in
earlier and COVID-19-episode measurements. Although this
pattern is compatible with the commonly described shift
toward neutrophil predominance and reduced lymphocyte
representation in inflammatory states.>!' the magnitude of
the correlations must be interpreted cautiously. LYM% and
NEU% are components of the same leukocyte differential
and are therefore mathematically constrained; a strong
negative correlation can arise partly from this compositional
structure. Consequently, these correlations should not
be presented as independent validation of the NLR or as
evidence of disease severity.

Moderate positive correlations between P and R
measurements indicate that patients with relatively higher
values at one measurement tended to have higher values at
the other. These associations do not demonstrate increases
or decreases attributable to infection. No paired mean
differences or longitudinal clinical outcomes were reported,
so the analysis cannot establish a temporal hematological
response to SARS-CoV-2.

The first two principal components summarized just over
half of the total variance. This offers a concise description
of a dataset containing repeated and interrelated
hematological variables. However, the absence of
documented preprocessing and component-retention
methods limits reproducibility, and the modest sample
size limits the stability of multivariable interpretations.
The PCA does not establish diagnostic discrimination or
prognostic performance.

The small convenience sample from private laboratories
limits generalizability. Detailed selection criteria were
unavailable, including whether abnormal CBC findings
influenced record inclusion. Recorded abnormality
frequencies therefore cannot be interpreted as population
prevalence estimates. There was no non-COVID comparison
group. Although all specimens were nasopharyngeal
swabs and testing used PCR and rapid antigen assays,
participant-level test allocation and assay specifications
were unavailable. The timing of testing relative to symptom
onset and the timing and completeness of paired CBC
measurements were insufficiently characterized.

Clinical severity, symptoms, comorbidities, vaccination
status, medications, hospitalization, outcomes, and
inflammatory biomarkers were unavailable. Analyzer
specifications, units, reference intervals, and abnormality
thresholds were not documented, preventing standardized
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reassessment. The absence of absolute leukocyte counts
limits interpretation of percentage-based changes.
Correlation estimates are additionally constrained by
unknown pairwise sample sizes, undocumented assumption
checks, compositional dependence, and multiple testing.
These limitations preclude causal attribution, prognostic
claims, and assessment of diagnostic accuracy.

Despite these limitations, the study provides a local
descriptive snapshot of CBC variability in a private-
laboratory cohort from Tlemcen. Its main value lies in
documenting the distribution of routinely measured
hematological variables and generating hypotheses
for larger, prospectively designed Algerian studies that
incorporate standardized virological confirmation, absolute
leukocyte counts, NLR, clinical severity, comorbidities,
treatment, and longitudinal outcomes.

Conclusion

In this retrospective series of 50 patients evaluated for
COVID-19 in private laboratories in Tlemcen, recorded
hematological abnormalities were heterogeneous.
Leukocytosis was the most frequent abnormality, while
lymphocyte and neutrophil percentages showed strong
inverse correlations at both measurement periods. The
first two principal components explained 54.465% of total
variance. These findings describe a selected laboratory
cohort and support further investigation using standardized
infection definitions, absolute differential counts, and linked
clinical outcomes. They do not establish COVID-19-specific
changes or clinical predictive value.
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