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Abstract

Objectives: We compared the laboratory and clinical
symptoms of coronavirus disease 2019 (COVID-19), other
viral (beside COVID-19), and bacterial conjunctivitis pa-
tients with the values of controls.

Methods: Twenty COVID-19, 15 other viral, 15 bacterial
patients, and 15 control group were included in the study.
COVID-19 was diagnosed with the real time reverse tran-
scription–polymerase chain reaction while the indirect
immunofluorescent antibody test was used in the detection
of other viral agents. Bacterial agents were determined
with the detection of the agent. The ophthalmologic ex-
amination of all cases was carried out by direct penlight,
and the anterior segment evaluation was performed. The
laboratory findings of all cases included in the study were
obtained from the hospital records.
Results: It was determined that 5% conjunctivitis and 5%
diplopia developed in patients diagnosed with COVID-19,
20% conjunctivitis developed in patients due to other viral
agents, and 66.6% conjunctivitis developed in patients due
to bacterial agents.
Conclusion: The incidence of conjunctivitis in COVID-19
patients was lower than in other viral and bacterial groups.
Neutrophil/lymphocyte ratio and C-reactive protein come
to the forefront as precious parameters with high speci-
ficity and sensitivity that might be useful to distinguish
these diseases.

Keywords: bacterial conditions; COVID-19; conjunctivitis;
C-reactive protein; neutrophil/lymphocyte ratio; viral
conditions.

Öz

Amaç: Koronavirüs hastalığı 2019 (COVID-19), diğer virüs
(COVID-19 dışında) ve bakteriyel konjunktivit hastalarının
laboratuvar ve klinik semptomlarını kontrol değerleri ile
karşılaştırdık.
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Gereç ve Yöntemler: Çalışmaya 20 COVID-19, 15 diğer
viral, 15 bakteriyel hasta ve 15 kontrol grubu dahil edildi.
COVID-19, gerçek zamanlı ters transkripsiyon-polimeraz
zincir reaksiyonu ile teşhis edilirken, diğer viral ajanların
saptanmasında indirekt immünofloresan antikor testi
kullanıldı. Etken tespiti ile bakteriyel etkenler belirlendi.
Tüm olguların oftalmolojik muayenesi direk ışıkla yapıldı
ve ön segment değerlendirmesi yapıldı. Çalışmaya dahil
edilen tüm olguların laboratuvar bulguları hastane kayıt-
larından elde edildi.
Bulgular: COVID-19 tanısı alan hastalarda%5 konjunktivit
ve% 5 diplopi geliştiği, diğer viral ajanlara bağlı hastalarda
% 20 konjunktivit geliştiği ve hastalarda bakteriyel ajan-
lara bağlı% 66.6 konjunktivit geliştiği belirlendi.
Sonuç: COVID-19 hastalarında konjunktivit insidansı
diğer viral ve bakteriyel gruplara göre daha düşüktü.
Nötrofil / lenfosit oranı ve C-reaktif protein, bu hastalıkları
ayırt etmede faydalı olabilecek yüksek özgüllük ve duyar-
lılığa sahip değerli parametreler olarak öne çıkmaktadır.

Anahtar kelimeler: COVID-19; Konjonktivit; C-reaktif pro-
tein; Viral koşullar; Bakteriyel koşullar; Nötrofil / lenfosit
oranı.

Introduction

In December 2019, one of the members of the Coronavirus
family mutated, causing a pandemic around the world [1].
This Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2) causing the pandemic was called Coronavi-
rus Disease 2019 (COVID-19) diseases by the World Health
Organization [2]. The SARS-CoV-2 virus is a single-chain
RNA viruswith a diameter of 80–120 nm and belongs to the
SARS-CoV beta coronavirus subgroup [3], and they are
genetically similar to each other at a rate of 70% [4].
COVID-19 is a disease, which affects many anatomical or-
gans such as the lungs, liver, kidneys, nose, stomach, and
eyes and has a very wide clinical spectrum such as fever,
fatigue, dry cough, muscle pain, difficulty in breathing,
diarrhea and nausea, and causes death with pneumonia,
severe respiratory distress, septic shock and kidney failure,
or multiple organ failure [5, 6]. Although rarely, conjunc-
tivitis has been reported to develop in COVID-19 disease [7].
As is known, conjunctivitis can be of bacterial, viral, or
allergic origin [8]. In the cohort study of 1.099 cases clini-
cally diagnosed with COVID-19, W Guan et al. stated that
there were conjunctivitis findings only in 9 (0.8%) cases
[9], Yunyun Z et al. stated in the retrospective cohort study
that there were conjunctivitis findings only in 1 (1.5%) of
the 67 cases [10]. Thus, the status of conjunctivitis

development due to COVID-19 disease varies between 0.8
and 1.5% [11]. However, many viruses, other than the
SARS-CoV-2 virus, causes conjunctivitis [12]. For example,
adenoviruses are viruses that cause conjunctivitis very
commonly [13]. Eye infections due to adenovirus constitute
a significant part of ophthalmology outpatient clinic pa-
tients since they can be observed sporadically or in the
form of epidemics and are highly infectious. In the studies
conducted to date, the most common adenovirus types
causing keratoconjunctivitis have been previously re-
ported to be Type 8, 19, and 37 [14]. On the contrary, the
most common cause of ocular infections in the world
(about 50–70%) is conjunctivitis caused by bacteria such
as Staphylococcus aureus, Streptococcus pneumoniae,
Haemophilus influenza, and Morexella lacunata, and pri-
marily S. epidermidis [15]. Infectious conjunctivitis occurs
when the host resistance decreases or microorganisms
overcome this resistance [8].

In COVID-19 disease, the immune system is weakened,
and the patient’s resistance decreases. In such a case,
conjunctivitis might develop in COVID-19 patients [16].
There are even some reports on its development. Although
we performed an extensive literature review, we did not
find any scientific study that compares and investigates
conjunctivitis due to COVID-19 and other viral and bacte-
rial conjunctivitis conditions together. Therefore, the pur-
pose of this study to reveal how the incidence and
biochemical parameters of COVID-19 and other viral and
bacterial conjunctivitis change and compare them among
themselves and with the control group.

Materials and Methods

With the approval (2020/06-32) dated 4.13.2020 of the non-
interventional ethics committee of Firat University, and with also
the approval Ministry of Health, 20 COVID-19, 15 other viral, 15 bac-
terial patients, and 15 healthy volunteers as the control group with
similar body mass index (BMI) values and ages who applied to Fethi
Sekin City Hospital with certain complaints were included in the
study. The history of a disease and physical examination of all pa-
tients, nasal or throat swabs and blood cultures, viral panels for early
diagnosis, and also routine C-reactive protein (CRP), creatinine, urea,
sodium, potassium, chlorine, total bilirubin, white blood cell (WBC),
neutrophil, and lymphocytemeasurements during the hospitalization
of the patients were studied with a Beckman Coulter autoanalyzer
AU5800 (Higashino, Nagaizumi-cho, Sunto-gun, Shizuoka, Japan),
and the above-mentioned biochemical parameters used in this study
were used by obtaining them from the patient file records. The swab
was taken from the conjunctiva for the diagnosis of COVID-19
conjunctivitis. Radiological examinations (computed thorax tomog-
raphy, thorax ultrasound, and chest radiography) were also
performed.
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Patients administered hospital with symptoms (unexplained fe-
ver [≥37.5 °C], cough, sore throat, shortness of breath) were considered
to be associated with COVID-19 according to the documents, which
have been prepared by health professionals from Turkish Ministry of
Health, and also these documents continuously were extended (fa-
tigue, runny nose, muscle pain, joint pain, diarrhea, nausea/vomiting
and loss of appetite, loss of sense of smell or taste, and pneumonia) by
TurkishMinistry of Health [17]. Then, SARS-CoV-2 viruswas confirmed
by the real time reverse transcription–polymerase chain reaction (real
time RT-PCR) (Rotor-Gene Q, QIAGENHilden, Germany). The antibody
testwas used in the detectionof viral agents, other thanCOVID-19, and
bacterial agents were detected with the determination of the agent.
Anterior segment evaluation was performed by Slit-Lamp Microscope
to find out whether there was eyelid edema, conjunctival hyperemia,
infection and chemosis, subconjunctival hemorrhage, and pseudo-
membrane formation was examined by an experienced and senior
ophthalmologist. Protective materials (eyewear, protective visor, N95
mask, overalls, and gloves) were used in accordance with the World
Health Organization (WHO) recommendations to prevent possible
contamination during the anamnesis, physical and ophthalmologic
examinations of these participants. Furthermore, since there were
many infectious conjunctivitis agents, only the COVID-19 disease
agent (SARS-Cov2), adenoviral conjunctivitis as a viral agent, and
S. epidermidis conjunctivitis as a bacterial agent were included in this
study.

Statistical analysis

The statistical package for the social sciences (SPSS 22.0;
Armonk, New York, International Business Machines, IBM
Corp.) package program was used for the statistical eval-
uation of the data obtained from the study. The conformity
of the variables obtained as continuous measurement
values to normal distribution was evaluated by the Sha-
piro–Wilk test. According to the test result, Student’s t-test
was used to compare the variables that met the normal
distribution assumption between two independent groups,
and the Mann–Whitney U test was used when the normal
distribution assumption was not met. The Kruskal–Wallis
variance analysis technique was used to compare more
than two independent groups. When the difference be-
tween more than two independent groups was found to be
significant, the groups that created the difference were
determined by posthoc multiple comparison tests. To test
the distribution of categorical variables, the chi-square and
Fisher’s exact tests were used. Central location and distri-
bution criteria such as mean ± standard deviation and
median (Minimum-Maximum) were used as descriptive
statistics for group comparisons and a summary of de-
mographic characteristics. The diagnostic ability of vari-
ables such as Neutrophil/Lymphocyte ratio (N/LO), WBC,
and CRP with regard to the disease was evaluated by the
receiver operating characteristic curve (ROC) analysis. The

area under the curvewas summarizedwith 95%confidence
intervals. For the variables that were found sufficient in
terms of the diagnostic ability, appropriate cut-off points
were determined using the Youden index and expressed
with the relevant sensitivity and selectivity values. In our
study, p<0.05 was selected as the statistical significance
level.

Results

The mean ages of the COVID-19, adenoviral and bacterial
conjunctivitis cases and control participants included in
the study were 61.57 ± 19.06 years, 65.60 ± 5.06 years,
57.46 ± 16.11 years, and 60.80 ± 16.37 years, respectively,
and there was no significant difference between them
(p>0.05). All of the participants are alive, and therewere no
fatalities. Some demographic characteristics (gender) and
disease data (eye involvement, history of onset, the pres-
ence of comorbidity) of the individuals participating in the
study are summarized in Table 1. In 56% of all patients
participating in the study, there was generally fever in 18
(36%) and cough in 10 (20%) patients as initial complaints
(Table 1).

Furthermore, the number of patients with comorbidity
(diabetes, hypertension, etc.) was 20 (40%). While
conjunctivitis (5%) was recorded in one male patient and
diplopia was recorded in one male patient (5%) among
COVID-19 patients, conjunctivitis was recorded in three
individuals (20%, two males, one female) among viral

Table : Comparison of the demographic characteristics of the
patient and control groups.

n %

Groups Control  .
COVID-  .
Viral  .
Bacterial  .
Fever  

Fever + Respiratory distress  

Sore throat  

Initial complaint Diplopia  

Conjunctivitis  

Cough  

Respiratory distress  

Gender Female  .
Male  .

Eye involvement No  .
Yes  .

Comorbidity No  .
Yes  .
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cases (except COVID-19), bacterial conjunctivitis was
observed in 10 patients (66.6%, six males, four females).
Table 2 also indicates comparison of some biochemical
parameters of the patient and control groups with and
without comorbitidy. The WBC, CRP, and N/LO variables
are not affected by the comorbidity.

When the biochemical electrolytes of patients and
control participants were compared, the potassium value
was found to be statistically significantly higher in COVID-
19 patients compared to the control group (p<0.05). There
was no significant difference between the other biochem-
ical electrolytes of the participants (Table 3). When
neutrophil and lymphocyte counts were compared be-
tween COVID-19 and other viral conjunctivitis, no statisti-
cal difference was found between them (p>0.05). However,
when they were compared with bacterial conjunctivitis,
neutrophil and lymphocyte counts were low in both
groups, and this was statistically significant (p<0.05).
Nevertheless, upon being compared with the control
group, neutrophil levels were reported to be higher, and

lymphocyte levels were reported to be low in all patient
groups. When the control and patient values were
compared in terms of WBC, there was no statistically sig-
nificant difference, while there was a statistically signifi-
cant increase (p<0.05) in the CRP and N/LO ratios in the
patient groups. However, when the patients were evalu-
ated among themselves in terms of CRP and N/LO, it was
not significant (Table 3). It was also determined that WBC,
CRP, and N/LO compared in those with and without co-
morbidity in all groups did not correlate with the presence
of comorbidity and were not statistically significant
(p>0.356, p>0.928, p>0.15, respectively) (Table 3).

As a result of the ROC analysis, the areas under the
curve were examined, and this index evaluating the diag-
nostic abilities of the CRP and N/LO variables was found to
be significant (p<0.001) (Figure 1). Upon examining
COVID-19 and control participants, there is the discrimi-
nation of the CRP and N/LO parameters. For N/LO, it was
calculated according to the Youden index that the 1.875
cut-off point corresponding to 0.90 sensitivity and 0.73

Table : Comparison of the WBC, CRP, and N/LO values in groups with and without comorbidity.

Group Parameter Additional disease (+) Additional disease (–) p-Values

Mean ± SD Median Mean ± SD Median

COVID- WBC . ± . . (.) . ± . . (.) .
CRP . ± . . (.) . ± . . (.) .
N/LO . ± . . (.) . ± . . (.) .

Viral WBC . ± . . (.) . ± . . (.) .
CRP . ± . . (.) . ± . . (.) .
N/LO . ± . . (.) . ± . . (.) .

Bacterial WBC . ± . . (.) . ± . . (.) .
CRP . ± . . (.) . ± . . (.) .
N/LO . ± . . (.) . ± . . (.) .

*Viral: Other than COVID-; CRP, C-reactive protein; N/LO, Neutrophil/Lymphocyte ratio; SD, Standard deviation; WBC, White blood cell; p,
Probability.

Table : Comparison of some biochemical parameters of the patient and control groups.

Parameter Control COVID- Viral Bacterial p-Values

Creatinine, mg/dL . ± . . ± . . ± . . ± . .
Urea, mg/dL . ± . . ± . . ± . . ± . .
Sodium, mmol/L . ± . . ± . . ± . . ± . .
Potassium, mmol/L . ± . . ± . . ± . . ± . .
Chlorine, mmol/L . ± . . ± . . ± . . ± . .
Total bilirubin, mg/dL . ± . . ± . . ± . . ± . .
WBC, /L . ± . . ± . . ± . . ± . .
Neutrophil, /L . ± . . ± . . ± . . ± . .
Lymphocyte, /L . ± . . ± . . ± . . ± . .
N/LO . ± . . ± . . ± . . ± . .
CRP, mg/dL . ± . . ± . . ± . . ± . .

*Viral: Other than Covid-; CRP, C-reactive protein; N/LO, Neutrophil/Lymphocyte ratio; SD, Standard deviation; WBC, White blood cell.
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selectivity points could distinguish the disease. For CRP,
this point was calculated as 6.180, corresponding to 0.70
sensitivity and 1.00 selectivity. When the other viral con-
ditions and control are examined, there is the discrimina-
tion of the WBC, CRP, and N/LO ratio. The value of 8.70
corresponding to 0.63 sensitivity and 0.86 selectivity for
WBC and the point of 2.483 corresponding to 0.90 sensi-
tivity and 0.86 selectivity for N/LO was calculated as the
cut-off points that could distinguish the disease according
to the Youden index. For CRP, this point was recorded as
4.660 corresponding to 0.81 sensitivity and 1.00 selectivity.
Upon examining bacterial conjunctivitis cases, there is the
discrimination of the CRP and N/LO parameters. For N/LO,
it was calculated according to the Youden index that the
point of 2.004 corresponding to 0.90 sensitivity and 0.733
selectivity points was the cut-off point that could distin-
guish the disease. For CRP, this point was 4.190 corre-
sponding to 0.90 sensitivity and 1.00 selectivity. When all
groups were evaluated together, the cut-off point deter-
mined according to the Youden index for the CRP variable
was calculated as 4.190 corresponding to 0.780 sensitivity
and 1.000 selectivity points. Likewise, the cut-off point
calculated for N/LO was calculated as the point of 1.875
corresponding to 0.902 sensitivity and0.733 selectivity that
could distinguish the diseases.

Discussion

In this study, the frequency and biochemical changes of
conjunctivitis developing due to COVID-19, other viral
and bacterial agents were compared and investigated for
the first time. In the development of conjunctivitis, bac-
terial conjunctivitis ranked first with 66.6%, followed by
other viral conjunctivitis, except COVID-19, with 20%.
Conjunctivitis and diplopia developing due to COVID-19
were observed in 5% and 5% of patients, respectively. In
previous studies, approximately 50–70% of conjuncti-
vitis has been reported to be bacterial [18]. In this study,
bacterial conjunctivitis developing at a rate of 66.6%
confirms the previous reports [19, 20]. Thus, according to
these data, bacterial conjunctivitis is understood to be the
primary cause of ocular infections. Putting aside bacteria,
which are the primary cause of ocular infections, viruses
take the second place [12, 13]. In this study, conjunctivitis
developing due to COVID-19 was detected in 5%, and
conjunctivitis developing due to other viral agents was
detected in 20%. In addition to COVID-19, adenoviral
conjunctivitis of viral origin was included in this study
because adenoviral conjunctivitis has been reported as
viral conjunctivitis in previous studies [21]. In this study,
viral conjunctivitis was determined at a rate of 25%.While

Figure 1: Comparison of the sensitivity and specificity values of some biochemical parameters according to the ROC curve by diseases.
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5% of the 25% viral conjunctivitis reported here devel-
oped due to COVID-19, the remaining 20% was conjunc-
tivitis developing due to other viral agents [8]. Thismeans
that the main cause of viral conjunctivitis is adenoviruses
rather than SARS Cov-2 [21]. Moreover, previous studies
have reported that Type 8, 19, and 37 adenoviruses are
mainly responsible for keratoconjunctivitis [14]. In fact,
the percentage of conjunctivitis of SARS Cov-2 we re-
ported here was higher compared to the previously re-
ported studies. For example, in the cohort study of 1.099
cases clinically diagnosed with COVID-19, Guan et al.
reported that there was conjunctival congestion only in 9
(0.8%) cases [9]. In a retrospective cohort study, another
group of researchers (Yunyun et al.) also reported that
there were conjunctivitis findings only in 1 (1.5%) of the 67
cases [10]. This study is inadequate to explain whether
SARS Cov-2, which is the agent of COVID-19 disease,
causes conjunctivitis indirectly, or directly as replication
in the eye tissue. The SARS-Cov-2 virus uses the
Angiotensin-converting enzyme 2 (ACE2) receptor to
enter the cell [22]. HolappaM et al. have demonstrated the
presence of the ACE2 receptor in aqueous fluid, and
recent studies have reported that the ACE2 receptor is
present in almost all organs, including eye tissue [23]. The
possible reason for the rare occurrence of COVID-19 dis-
eases in the eye may be tears. This virus may not be tear-
resistant. However, our current data are still far from
explaining why conjunctivitis related to this virus is
observed rarely. The possible reason for the high
conjunctivitis percentage in our study in comparison with
the results obtained by Guan et al. [9] and Yunyun et al.
[10] may be a different lifestyle of our cases (possibly
frequent habits of bringing their hands to their eyes) or
may be the different ACE2 receptors of the races. Never-
theless, we also accept that these different results cannot
be explained by factors such as age, gender, and lifestyle
habits. Therefore, this issue is left behind as an important
study subject that needs to be explained. However, it
should not be forgotten that another study evaluated both
the tears and conjunctival scraps of 17 patients with the
confirmed SARS-CoV infection by RT-PCR and reported
that no positive result was obtained in favor of SARS-CoV
in any of these samples taken [24]. In this study, in which
ocular symptoms were investigated, the presence of
diplopia due to COVID-19 diseasewas also reported in one
patient. The possible cause of diplopia heremay be due to
the COVID-19 infection affecting the central nervous
systembecause studies have shown that ACE2, which acts
as a receptor for SARS–CoV-2, is also present in the cen-
tral nervous system tissue [25]. Therefore, we temporarily
suggest that this situation may cause diplopia.

In our study, when the cases were evaluated without
considering the conjunctivitis case, the potassium values
were observed to be lower in COVID-19 positive patients
compared to the control group. Furthermore, this index that
evaluates the diagnostic abilities of the N/LO and CRP levels
in these patients was found to be significant in the ROC
analysis (p<0.001). In other words, it is observed that N/LO
and CRP play an essential role in the diagnosis of these
patients. Guan et al. reported that lymphocytopenia was
observed in COVID-19 patients, similarly to our study [9]. In
the same study, fever and coughwere frequent complaints at
admission to the hospital, while cough and respiratory
distress were the two main findings in our study. Moreover,
in our study, the number of cases with comorbidity (dia-
betes, hypertension, etc.) corresponds to 33% of all cases.
The clinical observations we have noted here about COVID-
19 are consistent with the observations reported to date.

Our study has some limitations. First of all, the number
of cases in all groups is low. Especially, the number of
conjunctivitis cases contains an insufficient number due to
the nature of the diseases (normally, conjunctivitis is also
rarely observed). Although the study has the above-
mentioned limitations, as a result, the previous reports
and our study demonstrate that while the rate of conjunc-
tivitis is low in cases with the COVID-19 infection and other
viral conditions, this rate is high in bacterial origin.
Whether there is a relation between the low conjunctivitis
rates due to the COVID-19 infection in the eyewith theACE2
receptors is also ambiguous according to the available
data. Based on all these data, since we do not have suffi-
cient information about the transmission of COVID-19
through the eyes, we predict that it is important that pri-
marily ophthalmologists and othermembers of society take
measures to protect themselves from infection. Further-
more, according to our current ROC analysis data, it is
observed that the CRP and N/LO variables are two pa-
rameters that help in diagnosing the disease.
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