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Abstract

Purpose

Full blood count (FBC) provides a range of cellular haematological parameters and
serves as a routinely available basic immune profile. While FBC has been widely
used to monitor moderate-to-severe COVID-19 in hospitalised settings, its temporal
dynamics in mild, community-managed cases remain poorly characterised, despite
these constituting the majority of global infections.

Methods

In a prospective cohort study, we tracked the cellular haematological profiles of 93
recently exposed, immunologically naive individuals with mild COVID-19 and no
underlying co-morbidities, recruited to the Integrated Network for Surveillance, Trials
and Investigations into COVID-19 Transmission (INSTINCT) study. Blood samples
were collected on DO, D7, D14 and D28 and subsequently aligned to
infection-timepoints based on the day of first detected PCR positivity, and analysed
using mixed-effects models.

Results

Over 30% of cases exhibited transient, clinically defined neutropenia (mean (95%
CI): First PCR-Positive (FP) 2.47x10%L (2.26—2.68) vs convalescence 3.34 x10%L
(2.98-3.7); p=0.0013). Over 20% exhibited lymphopenia (FP 1.38x10°/L (1.28—1.48)
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vs convalescence 1.79x10%L (1.79-2.01); p=0.0013). Additionally, we observed

a notable elevation in platelet count, peaking approximately two weeks after initial
infection (mean (95% Cl): FP+14 283x10°/L (254-311) vs convalescence 237x10°/L
(222-252); p=0.0013).

Conclusions

Transient neutropenia and lymphopenia occurred in approximately one-third and one-
fifth of mild COVID-19 cases, respectively, and were followed by a delayed increase in
platelet count. This study provides a descriptive, prospective dataset of full blood count
parameters spanning early infection to convalescence in immunologically naive individ-
uals with mild SARS-CoV-2 infection. These data may support mathematical modelling
of within-host cellular haematological dynamics and have potential clinical relevance for
understanding typical trajectories of routine blood parameters during mild disease.

Introduction

Clinical outcomes of SARS-CoV-2 infection vary widely and are largely determined
by the host immune response. Full blood count (FBC) provides a window into a range
of haematological parameters including a routinely available basic immune profile.
Many cross-sectional studies [1,2], as well as some that have sampled longitudinally
[3,4], have used FBCs in hospitalised patients with moderate-to-severe COVID-19

to inform prognostic tools. There is, however, a dearth of longitudinal studies in mild
community cases, which account for most transmission globally. Moreover, under-
standing the dynamic host responses from the earliest timepoints after exposure
when a wholly new virus enters an immunologically naive global population is of
inherent biological interest and is clinically relevant for recognising the typical course
of infection, enabling timely interventions. We therefore present a detailed serially
sampled dataset of cellular haematological profiles based on full blood counts, from
recently infected, immunologically naive, mild COVID-19 cases, highlighting transient
neutropenia, lymphopenia, and delayed platelet changes, which may have potential
clinical relevance and provide a resource for future modelling studies.

Materials & methods
Study design

INSTINCT (Integrated Network for Surveillance, Trials and Investigations into
COVID-19 Transmission), a longitudinal prospective community study (20/NW/0231)
[5], recruited London households with a PCR-positive COVID-19 case identified

by the UK Health Security Agency contact tracing program between 27/05/2020—
23/03/2021, encompassing the Pre-Alpha and Alpha waves. Ethics approval was
obtained from the Health Research Authority (Research Ethics Committee reference
20/NW/0231). Written informed consent was obtained from all participants, including
minors with consent from parents or guardians, as documented.
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Nurses visited households on the day of enrolment (day [D]0), D7, D14 and D28 and took blood and upper respiratory
tract (URT) swabs from participants. Participants self-sampled an additional URT swab on D4. Swabs were processed for
RT-PCR, and blood samples were processed for quantitation of SARS-CoV-2-specific antibodies as previously described
[5]. FBC analysis was performed on blood samples using the Alinity h-series Integrated Haematology System (Abbott
Laboratories, lllinois, United States).

To account for heterogeneity in the day of enrolment relative to the day of acquiring detectable infection, sampling time-
points were realigned relative to the day of the first PCR-positive study sample (Fig 1b). “Pre-positive” (PP) refers to blood
samples taken prior to the case testing PCR-positive, whilst “First PCR-positive” (FP) refers to the blood samples taken
when the case first tested PCR-positive in the study. “FP+7” and “FP+14” refers to samples taken seven- and fourteen-days
post-FP respectively. Samples collected approximately four weeks after enrolment are denoted “Convalescent”.

We applied a number of exclusion criteria to ensure the quality and consistency of FBC data used in our analyses.
From an initial cohort of 158 participants, we excluded individuals <12 years old, those with prior SARS-CoV-2 vaccina-
tion or seropositivity indicative of prior infection, individuals who did not become PCR positive within the first two study
timepoints, those with symptom onset 25 days from the day of recruitment, those with <5 days of consecutively collected
longitudinal symptom data and individuals with comorbidities likely to affect blood count parameters. This resulted in a
final study cohort of 93 participants.

Statistical analysis

Statistical analysis was performed in R (version 4.1.1) and GraphPad Prism. In GraphPad Prism, the mixed-effects
model was specified with timepoint as a fixed effect, and subject as a random effect (random intercepts with additional
random variation at each timepoint nested within subjects). Parameters were estimated using restricted maximum likeli-
hood (REML), which accommodates missing values without requiring imputation. Covariance among repeated measures
was modelled implicitly through the random effects, and Prism does not allow the specification of alternative covariance
structures.
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Fig 1. (a) Stepwise exclusion criteria used in the cohort selection of 93 recently-exposed, SARS-CoV-2 naive COVID-19 cases and (b) SARS-
CoV-2 RNA viral trajectories during acute infection. Cases were excluded for age (<12 years), prior vaccination, pre-existing antibody seropositivity,
late PCR conversion or symptom onset after recruitment, inadequate symptom reporting, or presence of confounding comorbidities. (b) The orange
dotted line represents the PCR-positivity threshold of eight viral RNA copies/ml.
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Histogram and ridge density plots were inspected and visually confirmed for approximate normality of the full blood
count parameters across timepoints (S1 Fig, S2 Fig in S1 File) with the exception of eosinophils and basophils, which
exhibited skewed distributions. This is likely due to low counts frequently falling below the lower limit of detection, with
such values assigned to the LLOD.

To provide a measure of estimate reliability, a precision analysis was performed for key full blood count parameters. For
each timepoint, the half-width of the 95% confidence interval was calculated as Halfwidth CI = ty 975 p—1 * (s/sqrt(n)), where
s is the observed standard deviation and n the sample size, reported in S2 Table in S1 File. This approach highlights that
timepoints with smaller groups, such as the pre-positive and FP + 14 cohorts, yield wider confidence intervals and there-
fore less precise estimates.

Results & discussion

A total of 93 recently exposed, SARS-CoV-2—-naive, PCR-positive individuals with mild ambulatory disease and no known
underlying health conditions were included for full blood count analysis following application of the study exclusion criteria
(Fig 1a). The median day of symptom onset relative to enrolment was three days (range —5-0), and two participants were
asymptomatic. Demographic characteristics of the study cohort are summarized in S1 Table in S1 File.

FBC parameters at all timepoints were compared to the convalescent timepoint to investigate changes during infec-
tion and recovery. We observed transient leukopenia driven principally by neutropenia (count<2x10°%L) and lymphopenia
(count<1.1x10%L) at the time of first PCR-positivity (FP) (Fig 2, S2 Table in S1 File). This was reflected at the individual
level, with lower neutrophil counts at FP than convalescence in 51/60 participants and lower lymphocyte counts in 55/60
participants, consistent with overall recovery of these cell populations during convalescence. Remarkably, almost a third
of the cases, all of which had no known underlying health conditions, developed clinically-relevant neutropenia (28/89,
31.5%) (S4 Table in S1 File), with 20% (5/25) of these cases maintaining clinically-relevant neutropenia one week later.
These observations in otherwise healthy adults provide a reference for early haematological responses in mild COVID-19
and may have potential clinical relevance for individuals with pre-existing immunosuppression [6].

The transient decline in lymphocyte and neutrophil cell counts likely resulted from cell migration from the periphery
to the infection site. Indeed, in severe COVID-19 cases, single-cell RNA sequencing on nasopharyngeal and bronchial
samples demonstrates mucosal enrichment of neutrophils compared to healthy controls, indicating tissue redistribution
[7]. Whilst transient lymphopenia is recognised in mild COVID-19 [4], the occurrence of early neutropenia has remained
largely unreported, except as a chance finding in patients receiving clozapine therapy for mental illness, who developed
COVID-19 during the study period [8]. In that cohort, most cases were mild (24/31, 77.4%) also, with a minority experienc-
ing moderate disease (7/31, 22.6%), supporting the relevance of our observations within the non-severe clinical spectrum.
This observation contrasts the hallmark of elevated neutrophil counts observed in hospitalised patients, which typically
manifest later following exposure compared to our cohort. The rapid restoration of neutrophil counts to baseline levels
therefore serves as a pivotal marker of successful recovery. Conversely, dysregulation resulting in an overproduction of
neutrophils underscores an underlying mechanism which leads to severe disease [9].

Scavone et al. observed mild abnormalities in platelet parameters, including increased circulating activated platelets
among hospitalised COVID-19 patients with no evidence of pneumonia [10]. However, the temporal dynamics of platelets
during early ambulatory SARS-CoV-2 infection have been little characterised. We report a modest decline in platelet count
during the initial phase of mild infection (mean (95% CI): FP 206x10%L (195-217) vs convalescence 237x10°%/L (222-252);
p=0.0013), followed by an elevation above convalescent levels approximately two weeks post-infection (mean (95% Cl):
FP+14 283x10°%L (254—311) vs convalescence 237x10%/L (222—252); p=0.0013) (Fig 2, S2 Table in S1 File), with abso-
lute thrombocytosis observed in 4/40 cases at FP+14 (S4 Table in S1 File).

We suggest that the early transient thrombocytopenia (count<130x10%L) may reflect activated platelet migration to
mucosal sites. Given that activated platelets reduce in size as they release their granules, this hypothesis is supported
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Fig 2. Longitudinal full blood count (FBC) dynamics following recent SARS-CoV-2 infection in 93 recently-exposed, SARS-CoV-2 naive COVID-
19 cases. Longitudinal violin plot of FBC dynamics. Mean and 95% confidence limits are depicted by the blue line and shaded areas respectively, with
individual case trajectories in grey. Orange dotted lines indicate the thresholds of clinically-defined normal ranges from each FBC parameter. Maximum
count: PP, pre-positive timepoint (n=10); FP, first study-positive (n=90); FP+7, seven days after first study-positive (n=70); FP + 14 fourteen days after
first study-positive (n=41); Conv, convalescent (n=64). P values were calculated using a mixed-effects model (REML) and adjusted for multiple com-
parisons using Dunnett’s method, comparing each timepoint against the convalescent timepoint. To account for multiple FBC parameters, P-values were
corrected using the Bonferroni method (S3 Table in S1 File). Summary statistics including means and half-width and 95% confidence limits are listed in
S2 Table in S1 File. The remainder of the FBC parameters can be seen in S3 Fig in S1 File (*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001).

https://doi.org/10.1371/journal.pone.0353142.9g002
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by the significant decrease in mean platelet volume (MPV) at FP+7 (Fig 2, S2 Table in S1 File). Cases with the greatest
reduction in MPV at FP+7 also showed the largest platelet count increase a week later (S4 Fig, in S1 File Pearson’s
correlation, p=0.0003), indicating a possible relationship between platelet activation and reactive thrombocytosis. Inter-
estingly, platelet count has also been shown to peak around the eighth day of hospitalisation in severe COVID-19 patients
[11], which temporally aligns with FP+14 in our study of mild disease. These observations highlight dynamic changes in
platelet counts and MPV during mild COVID-19.

In severe COVID-19 cases, lung and endothelial damage leads to excessive platelet aggregation and microthrombi
formation, worsening the condition [12]. Whilst venous-thromboembolism (VTE) is associated with hospitalised COVID-
19 patients, it has also recently emerged as a significant complication following mild COVID-19 infection, with a 2.74-fold
higher incidence in mild cases compared to matched healthy controls, and the highest risk occurring within 30 days of
COVID-19 diagnosis [13]. In this context, the delayed elevation in platelet counts observed in our cohort, although gen-
erally within the normal clinical range, may have potential clinical relevance for understanding thrombotic risk. Previous
studies have considered anti-platelet therapeutics, such as aspirin, in COVID-19, highlighting the clinical interest in plate-
let dynamics [14].

Our study has several limitations. Our cohort primarily consisted of white individuals; hence the findings may not
be generalizable to more diverse populations. While FBC results offer a broad overview of the immune profile, more
in-depth techniques are required to further delineate leukocyte subsets. For example, disease severity in COVID-

19 has been previously associated with ratios of distinct monocyte subsets and their activation patterns, suggesting
probable differences in the temporal kinetics amongst these subsets [15]. As we were limited to only measuring total
monocyte count, this likely accounts for the absence of significant differences in the temporal kinetics of monocyte
count at the early timepoints. We acknowledge that sample sizes varied across timepoints, a limitation reflecting both
the realities of clinical research and our study design. The Day-14 sampling timepoint was an optional additional visit,
resulting in fewer participants attending at that timepoint, and the FP + 14 timepoint similarly had a smaller sample size.
Notwithstanding the smaller sample size at FP + 14, the platelet increase observed at FP + 14 was highly significant
(p<0.0001). As the reduced Day-14 visit sample size was expected due to the Day-14 visit being optional, and not due
to clinical factors, missing data is assumed to be missing at random (MAR). Finally, all cases were recruited in London
during the pre-Alpha and Alpha waves. This constrains the generalisability of results to later variants and circulating
strains, and the findings cannot be directly extended to Omicron or future SARS-CoV-2 waves. Despite these limita-
tions, the dataset provides a well-characterised longitudinal record of haematological changes in immunologically naive
individuals with mild COVID-19 and may serve as a valuable resource for future modelling of within-host dynamics,
comparative studies, hypothesis generation, and understanding early immune responses in the context of emerging
pathogens.

Conclusion

Entry of a new virus into immunologically-naive hosts is a rare natural experiment and one which cannot be repeated for
SARS-CoV-2 due to widespread antigen exposure. Our study has revealed hitherto unappreciated dynamic perturbations
in FBC parameters, in particular transient neutropenia followed by a change in platelet volume and elevation in platelet
count. These data constitute a resource for future modelling and comparative studies of haematological dynamics and
may have potential clinical relevance for understanding typical trajectories of routine blood parameters in mild COVID-19.

Supporting information

S1 File. This file contains all supplementary materials associated with this study, including Tables $1-S4 and
Figures S1-S4.
(DOCX)
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