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Background. Early identification of patients at high risk of severe disease requiring referral and treatment at a high-care facility is imperative in
the management of COVID-19 pneumonia in a limited-resource setting, as transfer of unstable patients can be detrimental.

Objectives. To examine the value of the neutrophil-to-lymphocyte ratio (NLR) calculated on admission to a healthcare facility as a predictor of
the need for early referral to a high-care facility for further treatment.

Methods. We designed a cohort analytical study of 198 patients with COVID-19 pneumonia admitted to the COVID-19 unit at Universitas
Academic Hospital in Bloemfontein, South Africa, between 20 May and 30 September 2021.

Results. Of the 198 patients enrolled in the study, 134 (67.7%) were admitted to high care and 93 (46.9%) died. The median (interquartile range
(IQR)) NLR measured on admission to the hospital was 8.09 (4.90 - 14.86), and the NLR ranged from 0.26 to 136.7. The admission NLR was
statistically significantly higher in the high-care group v. the general ward group (p<0.001). After converting the NLR to log scale, to bring it
closer to conditional normality, logistic regression analysis identified log NLR (odds ratio (OR) 4.089; 95% confidence interval (CI) 2.464 - 6.787;
p<0.001) and age (OR 1.029; 95% CI 1.004 - 1.056; p=0.024) as significant in determining who will require high care. The area under the receiver
operating characteristic curve for the combined model of NLR and age was 0.829 (95% CI 0.767 - 0.891). An NLR cut-off value of 7.5 (sensitivity
0.7462, specificity 0.7968) has been calculated as the optimal cut-off value to determine who will need high care. Admission log NLR and age
were significant in determining who died (OR 2.067; 95% CI 1.404 - 3.045; p<0.001, and OR 1.043; 95% CI 1.018 - 1.068; p=0.001, respectively).
Conclusion. The NLR measured on admission and age can be used to predict whether a patient with COVID-19 pneumonia will require high care.
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The ongoing COVID-19 pandemic has placed significant strain
on the South African (SA) public healthcare sector, emphasising
pre-existing weaknesses in the system. One such challenge brought
to light at Universitas Academic Hospital, Bloemfontein, during
the pandemic was the difficulty surrounding interhospital patient
transfers in Free State Province. With our facility being one of the
main high-care treatment centres in the province, we received
referrals from hospitals up to 300 km from Bloemfontein. In addition
to large travelling distances, the poor road conditions, scarcity
of ambulances, and increased overall pressure on the emergency
medical services caused by the pandemic further hampered efficient
transfer of patients.

Peripheral hospitals in Free State are equipped to provide basic
supplemental oxygen therapy to patients with COVID-19 pneumonia
via nasal cannula or face mask. Only select hospitals can escalate care
to high-flow nasal cannula oxygen therapy. Non-invasive ventilation
(NIV) is only available at the high-care centres established at the
larger referral hospitals in Bloemfontein, so patients who fail to
improve when receiving the highest available oxygen modality at
their local hospital, or present with severe disease requiring NIV,
need to be referred to these high-care units.

The transfer of critically ill and unstable patients with high oxygen
demands can be hazardous, and can result in respiratory deterioration
during transit that negatively affects patient outcomes.!"! To avoid this
additional insult, every possible attempt at early identification and

referral of patients who may require further treatment in a high-care
unit should be made.

The neutrophil-to-lymphocyte ratio (NLR) is an inflammatory
marker calculated by using the absolute neutrophil and lymphocyte
counts measured in the peripheral blood.”’ The NLR has been
established as a valid prognostic factor in various chronic diseases
and solid tumours.””’ Recent studies have concluded that the NLR
can also be used in COVID-19 patients as a prognostic tool for
early risk stratification on hospital admission, and that the NLR is
independently associated with progression to critical illness.>”

Our objective with this study was to determine whether the NLR
can be used to assist clinicians in peripheral hospitals to identify
patients who will benefit from early referral to a high-care facility.

Methods

Study design and participants

This was a retrospective single-centre study of 198 patients with
COVID-19 pneumonia admitted to the COVID-19 unit at Universitas
Academic Hospital, Bloemfontein, between 20 May and 30 September
2021. The diagnosis was based on either a positive throat swab
antigen test or a polymerase chain reaction test, with features of
COVID-19 pneumonia on a chest radiograph. Based on clinical
parameters, patients were admitted to either the high-care or the
general ward of our COVID-19 unit. Only patients with documented
absolute neutrophil and lymphocyte counts on admission and with
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a length of hospital stay >24 hours were
included in the study. Our primary aim was
to evaluate the prognostic value of the NLR
at admission in prediction of the level of care
required. Our secondary aim was to validate
NLR on admission as a predictor of outcome
in our population.

The study was approved by the Health
Sciences Research Ethics Committee of the
University of the Free State (ref. no. UFS-
HSD2021/1771/2501), and by the Free State
Department of Health.

Data collection

Eligible patient files were assigned a study
number to ensure confidentiality, and
no personal information was entered on
a standardised electronic datasheet. The
admission NLR was calculated for every
patient by dividing the admission neutrophil
count by the admission lymphocyte count.
Demographic (age and gender), treatment
(high care or general ward) and outcome
(death or discharge) data were extracted
from the participant files and added to the
datasheet.

Statistical analysis

Descriptive statistics were presented as counts
(percentages) for categorical variables and as
medians (lower quartile, upper quartile) for
continuous variables. Box plots were used to
visualise the distribution of data and to verify
the assumptions of the statistical tests. The
primary explanatory variable, NLR, where
measurements were skew, was converted to
a log scale to avoid distortion of results and
bring it closer to approximate conditional
normality.

To model the impact of log NLR on the
probability of a treatment level or outcome,
while adjusting for the influence of age and
gender, logistic regression models were used.
A p-value <0.05 was considered statistically
significant. After fitting, the proposed model
wasvisualised usingline plotsand its predictive
power was evaluated via a receiver operating
characteristic (ROC) curve. The effect of age
and gender on treatment and outcome was
also evaluated in univariate tests, specifically
t-tests and x* tests as appropriate. The
results of these tests, along with information
criteria (Akaike information criterion and
Bayesian information criterion), were used to
determine the appropriate model form.

Finally, non-linear equivalents of the
logistic regression models
considered in the form of classification trees,
specifically recursive partitioning trees.!®
These can produce simple-to-follow decision
pathways for clinical use, particularly when
relationships are non-linear. All statistical

were also

analysis was conducted by the Statistical
Consultation Unit, University of the Free
State, using R (R Core Team, Austria, 2021).”)

Results

Descriptive statistics and
demographics

Of the 198 patients included in the study,
86 (43.4%) were male, and the median
(interquartile range (IQR)) age of the study
group was 59 (48.0 - 66.75) years; 134
patients (67.7%) were admitted to high care
and 93 (46.9%) died.

Fig. 1 provides visual confirmation of
the statistical difference in admission NLR
between the high-care and general ward
groups. The median (IQR) NLR measured on
admission to hospital was 8.09 (4.90 - 14.86),
and the NLR ranged from 0.26 to 136.7.
When comparing the high-care group with
the general group, the median NLR for
patients admitted to high care was 11.19
(7.30 - 17.78) and that for patients admitted
to the general ward was 4.04 (2.78 - 6.81). A
Wilcoxon rank-sum test indicated that the
admission NLR was statistically significantly
higher in the high-care group than in the
general group (p<0.001).

Fig. 2 demonstrates the kernel density plots
of NLR on a log scale for the high-care and
general ward groups. Visual discrimination
based on the point of intersection suggested
that the optimal point of discrimination
in NLR was at ¢*°' = 7.5. At this point, the
overlap of high-care cases with a lower NLR
was 25%.

When considering NLR in isolation,
simple discrimination using a confusion
matrix showed that an NLR 27.5 had a
sensitivity of 0.7462 and a specificity of
0.7968 in predicting admission to high care.
Logistic regression analysis was applied to
identify factors that influenced admission to
high care. The log NLR (p<0.001) and older
age (p=0.024) were significant. Gender did
not play a role in the level of care. The final
model, with the implied odds ratios, is given
in Table 1.

Visualisation

The logistic regression model connects the
observed explanatory variable values (in
this case log NLR and age) to the latent
probability of requiring high care, which
underlies where the patient ends up. Fig. 3
shows that patients with an NLR of 7.5 at
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Fig. 1. Admission NLR on (natural) log scale. (NLR = neutrophil-to-lymphocyte ratio.)

—— High care

— General ward

Kernel density estimate

NLR at admission (log scale)

Fig. 2. Level of care. (NLR = neutrophil-to-lymphocyte ratio.)
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admission have at least a 50% probability of
requiring high care, regardless of age. For
older patients the probability of requiring
high care is systematically higher at any
NLR, to the extent that the oldest patients
are very likely to require high care, even with
a relatively low NLR at admission.

While it may seem intuitive to choose a
threshold for NLR at a 50% probability of
requiring high care, this is not optimal in two
respects. Firstly, we can achieve high rates
of total classification accuracy by varying
the threshold probability. In Fig. 4, the
sensitivity and specificity of the classification

are evaluated at various thresholds, resulting
in the curve shown. It appears that there is a
distinct turn in the curve at a specificity of 0.7,
corresponding with a probability threshold
of 0.61 (61%). This is also the point on the
ROC curve furthest away from the 45° line of
random classification. Secondly, this analysis
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does not weigh the costs of a false positive
against the costs of a false negative, which can
vary by context.

Patient outcomes

Further analysis of the group of patients
who survived to discharge and those who
died shows that the median (IQR) admission
NLR for patients who were alive on discharge
was 6.57 (3.49 - 11.13) v. 11.24 (6.62 - 18.25)
for patients who died. The admission NLR
was significantly higher in patients who died
(p<0.001). Applying logistic regression to
adjust for age and gender, considering the
three factors additively on the logistic scale,
the log NLR (p<0.001) and age (p=0.001)

Fig. 3. Plot of the predicted probability of going into high care based on the NLR at admission and age.

(NLR = neutrophil-to-lymphocyte ratio.)

had a significant effect on outcome (Table 2).
Gender played no role.
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Fig. 4. Receiver operating characteristic curve
of the logistic regression model that relates care

requirements to NLR at admission and age.
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Table 1. Logistic regression fit of level of care on log NLR and age

Fig. 5. Plot of the predicted probability of death based on the NLR at admission and age. (NLR =
neutrophil-to-lymphocyte ratio.)

Estimate SE z-value Pr(>|z|) OR OR lower OR upper
Intercept -3.600 0.837 -4.301 0.000 0.027 0.005 0.141
Log NLR 1.408 0.259 5.447 0.000 4.089 2.464 6.787
Age 0.029 0.013 2.257 0.024 1.029 1.004 1.056
NLR = neutrophil-to-lymphocyte ratio; SE = standard error; OR = odds ratio.
Pr(>|z|) = the p-value associated with the z-value.
Table 2. Logistic regression fit of patient outcome on log NLR and age
Estimate SE z-value Pr(>|z]) OR OR lower OR upper
Intercept -4.060 0.812 -4.997 0.000 0.017 0.004 0.085
Log NLR 0.726 0.198 3.676 0.000 2.067 1.404 3.045
Age 0.042 0.012 3.387 0.001 1.043 1.018 1.068

NLR = neutrophil-to-lymphocyte ratio; SE = standard error; OR = odds ratio.
Pr(>|z]) = the p-value associated with the z-value.
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Fig. 6. Receiver operating characteristic curve of
the logistic regression model that relates patient
outcome to NLR at admission and age. (NLR =

Considering the model visualisations in Figs
5 and 6, we see that patient outcome does not
allow for clear discrimination based on the
factors considered alone.

Discussion

This study confirmed that thereisasignificant
association between the admission NLR
and the level of care required for a patient
with COVID-19 pneumonia, and that a
higher NLR was associated with increased
mortality. Our study findings revealed that
an NLR of 7.5 is the optimal early point of
discrimination for our population. Recursive
partitioning decision tree analysis of the
level of care is shown in Fig. 7. The result is
a set of rules that can be applied in a clinical
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Fig. 7. Recursive partitioning decision tree ana
neutrophil-to-lymphocyte ratio.)

lysis of the level of care. (Adm. NLR = admission

Adm.NLR <7.7
Age %42
Age 242
Adm. NLR >4.3
Adm. NLR <4.3

Adm.NLR >7.7
Age <50
Age =50
Adm. NLR :31\
Adm. NLR =31

Fig. 8. Decision tree for outcomes. The values of the leaves show the proportion of patients in each
implied group who died. (Adm. NLR = admission neutrophil-to-lymphocyte ratio.)
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regardless of other factors. If it is lower, the
patient’s age should be considered. Patients
can be admitted to the general ward if they
are <42 years of age with an NLR <7.5,
<53 years of age with an NLR <4.1, or 253
years of age with an NLR <2.2. Other
groups have inconclusive classifications,
where other factors may play a stronger
role.

In Fig. 7, the values of the leaves show
the proportion of patients in each implied
group who were given high care. For patient
outcome (Fig. 8), the decision tree analysis
was inconclusive, other than suggesting
that younger patients may expect more
favourable outcomes, while those with a high
NLR may expect worse outcomes.

In general, older individuals were found
to have an increased likelihood of requiring
admission to high careand to havean increased
mortality rate. Our results are consistent with
those of previous reports.” Gender did not
have any statistically significant influence on
level of care or mortality.

There are several limitations of the
study. Firstly, the admission NLR used
was calculated from the laboratory values
obtained on admission to our institution, but
many patients had been admitted to other local
hospitals prior to referral to us. The impact
of any treatment and/or disease progression
during this initial admission period on the
NLR that we calculated on admission to our
facility cannot be determined. Secondly, this
was a single-centre retrospective study with a
small study population, and we only assessed
the influence of age, gender and NLR on
the level of care required. A study (N=352)
recently reported that the NLR can be used
to predict disease deterioration and serious
clinical outcomes with an NLR >2.6937, and
this could indicate that the ideal NLR cut-off
value for our population may be lower than
our calculated value. We advise that further
studies should include other relevant data,
such as comorbidities that may influence
level of care and outcome. This will enable
researchers to refine the NLR cut-off point.

With the results obtained from our study,
we hope to be able to formulate a simple risk
stratification tool that can be implemented in
the management of patients with COVID-19
pneumonia. Our primary goal will be to
enable clinicians in peripheral hospitals to
identify patients with COVID-19 pneumonia
who will benefit from early referral to a
facility with access to a high-care unit, aiming



to prevent delays in referral resulting in the transfer of patients in
an unstable condition. Existing scoring systems such as the Acute
Physiology and Chronic Health Evaluation (APACHE II) score and
the COVID-GRAM require advanced laboratory examinations, and
implementing these scoring systems in a resource-limited peripheral
hospital setting is therefore not feasible.”” Furthermore, a meta-analysis
revealed the NLR to be a valuable independent prognostic marker with
higher diagnostic accuracy than other risk assessment tools, such as
the CURB-65 score.!"")

Conclusion

We conclude that the admission NLR has a high value in predicting
disease progression and therefore the level of care that will be
required to manage a patient with COVID-19 pneumonia. Our
findings support use of the NLR on admission to perform early risk
stratification in remote resource-limited settings. Patients with a
higher NLR on admission (our study findings suggested a threshold
value of 7.5) are candidates for early referral to a high-care facility.
A higher NLR and increasing age were also associated with poorer
prognoses. However, further research (perhaps taking hospital-
specific factors into account) should be conducted to obtain an exact
consensus cut-off value with optimal sensitivity and specificity.
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