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This study aimed to evaluate ocular surface temperature (OST) in post-COVID-19 patients with 
different degrees of fever via infrared thermal imaging. There were 16 participants (32 eyes) in the 
control group, 22 participants (44 eyes) in the moderate and low post-COVID-19 fever group (M & L 
fever group), and 18 participants (36 eyes) in the high post-COVID-19 fever group (H fever group). All 
participants underwent an ophthalmic slit lamp examination and ocular thermography. Among the 
control group, M & L fever group and H fever group, there were no significant differences in the upper 
eyelid temperature (UET), inner canthus temperature (ICT), outer canthus temperature (OCT), initial 
central corneal temperature (initial CCT), third-second central corneal temperature (3s-CCT), or sixth-
second central corneal temperature (6s-CCT). However, the change in central corneal temperature 
measured within 1, 3, and 6 s (change in CCT within 1, 3, and 6 s) of the H fever group were significantly 
greater than those of the control group (0.15 ± 0.12 °C vs. 0.08 ± 0.09 °C, p = 0.007; 0.30 ± 0.22 °C vs. 
0.17 ± 0.17 °C, p = 0.005; 0.45 ± 0.30 °C vs. 0.26 ± 0.23 °C, p = 0.004, respectively) and M & L fever group 
(0.15 ± 0.12 °C vs. 0.08 ± 0.08 °C, p = 0.008; 0.30 ± 0.22 °C vs. 0.16 ± 0.14 °C, p = 0.001; 0.45 ± 0.30 °C 
vs. 0.23 ± 0.20 °C, p < 0.001, respectively). To further investigate the relationship between OST and 
post-COVID-19 fever, we compared the OST of long recovery time (5 days < recovery time < 14 days; 9 
patients, 18 eyes) and short recovery time (recovery time ≤ 5 days; 9 patients, 18 eyes) in the H fever 
group. We found that the 6s-CCT in the short recovery time group was significantly lower than that in 
the long recovery time group (32.43 ± 1.09 °C vs.33.10 ± 0.82 °C, p = 0.044). Additionally, the change in 
CCT within 1 s, 3 s, and 6 s in the short recovery time group were all significantly greater than those in 
the long recovery time group (0.19 ± 0.13 °C vs. 0.11 ± 0.10 °C, p = 0.048; 0.38 ± 0.24 °C vs. 0.22 ± 0.17 °C, 
p = 0.026; 0.58 ± 0.31 °C vs. 0.32 ± 0.24 °C, p = 0.016, respectively). In conclusion, the central corneal 
temperature (CCT) of patients who have an insufficient recovery time from COVID-19 infection or who 
exhibit severe infection symptoms could decrease faster when the eyes open. This may be due to dry 
eye disease.
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The novel coronavirus, officially designated as severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
was initially discovered in December 2019 following a cluster of cases involving atypical pneumonia in Wuhan, 
China1. Subsequently, SARS-CoV-2 was rapidly transmitted around the world and escalated into a public health 
crisis, leading to its classification as a pandemic by the World Health Organization (WHO). Patients diagnosed 
with COVID-19 can exhibit a wide range of clinical symptoms, ranging from mild to severe respiratory and 
multiorgan failure. The most frequently observed symptoms include fever, cough, and difficulty breathing2. 
Several studies have investigated ocular symptoms since the COVID-19 pandemic, including conjunctivitis3–7, 
keratoconjunctivitis8, foreign body sensation, epiphora, dry eye, and blurred vision2,9.

Ocular thermography is a noncontact and nonintrusive temperature measurement technique. This technology 
has already been used in a variety of medical fields and has been widely used in the field of ophthalmology. 
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This method has been employed for the examination of inflammatory conditions affecting the human lacrimal 
drainage system, dry eye disease, carotid artery stenosis, glaucoma, unilateral exophthalmos, Tolosa–Hunt 
syndrome, and ophthalmic postherpetic neuralgia10.

Some studies have suggested that individuals with a greater degree of pneumonia severity have an increased 
risk of ocular manifestations11 and that patients with elevated viral loads have an increased risk of ocular surface 
symptoms12. These findings suggest that the severity of COVID-19 may cause or exacerbate ocular surface 
symptoms to varying degrees. Moreover, ocular surface symptoms can be assessed through ocular surface 
temperature (OST). It remains unclear whether post-COVID-19 patients with different degrees of fever have 
different OSTs. Therefore, this study applied infrared thermal imaging to detect the ocular surface of post-
COVID-19 patients and evaluated the OST of post-COVID-19 patients with different degrees of fever.

Methods
Study participants
This study was conducted in accordance with the guidelines outlined in the Declaration of Helsinki. Approval 
for the research was granted by the Ethics Committee of Xin Hua Hospital Affiliated to Shanghai Jiao Tong 
University School of Medicine (Approval No. XHEC-D-2023-047). Written informed consent was obtained 
from all individual participants (> 16 years) included in the study; Written informed consent was obtained 
from the parents of participants ( < = 16 years). The participants were 40 patients (80 eyes) who recovered from 
post-COVID-19 fever, and the time between when the body temperature returned to normal and the day of 
the examination was less than two weeks. In addition, 16 healthy individuals (32 eyes) were included in the 
control group. The participants underwent an ophthalmic slit lamp examination (slit-lamp examination, SL-3G, 
TOPCON Corporation, Japan) and ocular thermography (Xcore LT640, Iray Tech Co., Ltd., China) at Shanghai 
Xinhua Hospital between February 2023 and December 2023. According to the maximum fever temperature 
(armpit thermometry) measured during the COVID-19 fever, the 40 participants were divided into two groups. 
There were 22 participants (44 eyes) in the moderate and low post-COVID-19 fever group (M & L fever group), 
maximum fever temperature ≤ 39 °C and 18 participants (36 eyes) in the high post-COVID-19 fever group (H 
fever group), maximum fever temperature > 39  °C. For the study of the relationship between ocular surface 
temperature (OST) and recovery time (the time between when the body temperature returned to normal and the 
day of the examination) in the H fever group, we divided the participants into two groups based on their recovery 
time, long recovery time group (5 days < recovery time < 14 days; 9 patients, 18 eyes) and short recovery time 
group (recovery time ≤ 5 days; 9 patients, 18 eyes). The exclusion criteria were as follows: underwent refractive 
surgery or experienced ocular trauma in the past; underwent ophthalmic surgery within the previous year; 
wore contact lenses within the previous 3 months; had existing ocular surface conditions such as conjunctivitis, 
keratitis, pterygium; used topical medications such as lubricants or glaucoma eye drops. Individuals were also 
excluded if they had systemic disorders.

Ocular thermography
Thermal imaging data were collected via a longwave infrared thermal camera operating within the 8–14 μm 
wavelength range. The camera was configured to capture images and videos at a frame rate of 30 Hz, with a 
spatial resolution of 640 pixels × 512 pixels and a pixel size of 14 μm × 14 μm. The device boasted a measurement 
accuracy of ± 2%. Before the commencement of testing, we preheated the infrared thermal camera for 20 min 
via automatic nonuniformity correction with a correction interval of one minute. Additionally, each participant 
was instructed to rest for 10 min in the designated examination room. The environmental conditions within 
the room were closely monitored and maintained at a temperature of 22 ± 1 °C and a humidity level of 40 ± 5%. 
The data collection took place within the operational hours of the hospital, which spanned from 9:00 a.m. to 
5:00 p.m. The procedure for measuring participants’ facial temperature involved the following steps. First, 
participants were required to maintain a stable head position via a chin rest and forehead rest, and were directed 
to focus on a fixed point. An infrared thermal camera was subsequently used to record the temperature of each 
participant’s forehead. The participants were subsequently instructed to close their eyes, after which the infrared 
thermal camera captured images of the upper eyelids of both eyes. Finally, the participants were asked to open 
their eyes, blink, and then keep their eyes open for 6 s while the infrared thermal camera recorded a video of 
either the left or right eye.

Data analysis
Image processing was carried out via custom MATLAB scripts developed by MathWorks, Inc. Mean temperatures 
were assessed at three specific sites: the forehead (Fig. 1A), upper eyelid (Fig. 1B), and ocular surface (Fig. 1C). 
The ocular surface was further divided into three regions of interest (ROIs), the central cornea, inner canthus, 
and outer canthus, with diameters of 5 mm, 2 mm, and 2 mm, respectively.

In the context of measuring the ocular surface, information was gathered once the eye was fully open and 
the upper eyelid had settled to accommodate the placement of three ROIs on the ocular surface without being 
obstructed by the lid or eyelashes. This was done to capture the earliest possible OSTs.

The change in central corneal temperature was assessed starting from the point at which the eye achieved 
adequate opening and the upper eyelid was no longer elevated to accommodate the placement of three ROIs 
on the ocular surface without any interference from the lid or eyelashes. A series of 13 infrared thermal images 
of the ocular surface were subsequently captured from the infrared thermal video at intervals of 0.5 s over 6 s 
for each eye, and the average temperature of the central cornea was determined at each instance. Consequently, 
the fluctuations in central corneal temperature (CCT) within the initial 6 s of eye opening were derived from 
infrared thermal images of the ocular surface. The alterations observed in the infrared thermal images of the 
ocular surface were not conspicuous in the control group and M & L fever group (Fig.  2A, B). In contrast, 

Scientific Reports |         (2025) 15:2273 2| https://doi.org/10.1038/s41598-025-86407-y

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


obvious changes were observed in the H fever group (Fig. 2C). The temperature scale ranges from 30 to 38 °C 
(Fig. 2D).

Statistical analysis
Categorical variables are presented in terms of frequency rates and percentages, whereas continuous variables 
that followed a normal distribution were described via measures of central tendency, such as the means and 
standard deviations. Among the control group, M & L fever group, and H fever group, one-way analysis of 
variance (ANOVA) was used to identify differences in age, forehead temperature, body temperature, upper 
eyelid temperature (UET), inner canthus temperature (ICT), outer canthus temperature (OCT), initial central 
corneal temperature (initial CCT), first-second central corneal temperature (1s-CCT), third-second central 
corneal temperature (3s-CCT), sixth-second central corneal temperature (6s-CCT), change in central corneal 
temperature measured within 1 s (change in CCT within 1 s), change in central corneal temperature measured 
within 3 s (change in CCT within 3 s), and change in central corneal temperature measured within 6 s (change in 
CCT within 6 s) between groups with Tukey’s HSD (Honest Significant Difference) used in the case of ANOVA 
returning a significant result. Unpaired t-tests were employed to assess differences between the long recovery 
time group and the short recovery time group. Statistical analyses were carried out via SPSS version 22.0 software. 
A significance level of p < 0.05 (two-tailed) was deemed statistically significant.

Results
Participants and baseline characteristics
A total of 40 post-COVID-19 participants were enrolled, including 22 (44 eyes) patients in the M & L fever 
group and 18 (36 eyes) in the H fever group. In addition, 16 (32 eyes) healthy individuals were included in the 
control group. There were no significant differences in age (p = 0.138), forehead temperature (p = 0.465), or body 
temperature (p = 0.448), as shown in Table 1.

Upper eyelid temperature (UET) and ocular surface temperatures
All data are shown in Table 2; Fig. 3. Although the mean UET, ICT, OCT, and initial CCT in the H fever group 
were higher than those in the control group and M & L fever group. There were no significant differences were 
observed in UET (p = 0.177), ICT (p = 0.915), OCT (p = 0.652), or initial CCT (p = 0.925).

Changes in central corneal temperature measured within 6 s
No statistically significant differences were found in initial CCT (p = 0.925), 1s-CCT (p = 0.989), 3s-CCT 
(p = 0.929), or 6s-CCT (p = 0.812) among the control group, M & L fever group and H fever group. However, 
change in CCT within 1 s, change in CCT within 3 s, and change in CCT within 6 s of the H fever group were 
significantly greater than those of the control group (p = 0.007, p = 0.005, and p = 0.004, respectively) and M & L 
fever group (p = 0.008, p = 0.001, and p < 0.001, respectively). Detailed data can be found in Table 3; Figs. 4 and 5. 
The continuous change in central corneal temperature measured within 6 s is displayed in Fig. 6.

Ocular surface temperature of long recovery time and short recovery time in the high post-
COVID-19 fever group
There were no significant differences in UET, ICT, OCT, initial CCT, 1s-CCT, and 3s-CCT between the short 
recovery time group and the long recovery time group (p = 0.984, p = 0.276, p = 0.061, p = 0.108, p = 0.074, and 
p = 0.056, respectively). However, the 6s-CCT in the short recovery time group was significantly lower than that 
in the long recovery time group (p = 0.044). The change in CCT within 1 s, 3 s, and 6 s in the short recovery 
time group were all greater than those in the long recovery time group, with significant differences (p = 0.048, 
p = 0.026, and p = 0.016, respectively). Detailed comparisons can be found in Table 4.

Fig. 1. (A) Temperatures were measured on the forehead; (B) Temperatures were measured on the upper 
eyelid; (C) Temperatures were measured on the central cornea, inner canthus, and outer canthus.
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Discussion
Among the control group, moderate and low post-COVID-19 fever group (M & L fever group) and high post-
COVID-19 fever group (H fever group), there were no significant differences in the upper eyelid temperature 
(UET), inner canthus temperature (ICT), outer canthus temperature (OCT), and initial central corneal 
temperature (initial CCT). The findings are inconsistent with our initial assumption. There are two primary 

Fig. 2. (A) Changes in the infrared thermal images of the ocular surface in the control group. (B) Changes in 
the infrared thermal images of the ocular surface in the moderate and low post-COVID-19 fever group (M & 
L fever group). (C) Changes in the infrared thermal images of the ocular surface in the high post-COVID-19 
fever group (H fever group). (D) The temperature scale ranged from 30 to 38 °C.
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factors to consider. First, this study specifically excluded patients diagnosed with conjunctivitis and keratitis, 
resulting in the absence of significant conjunctival hyperemia among the participants. Second, during ocular 
thermography, the eyes open, which facilitates evaporation of the tear film and consequently leads to a decrease 
in the ocular surface temperature (OST). Additionally, the thermal energy from the ocular surface is transferred 
to the cooler surrounding environment13,14. The initial OST must be captured at the moment the eyes are opened, 
which demands highly sensitive equipment.

No statistically significant differences were found in initial CCT, first-second central corneal temperature 
(1s-CCT), third-second central corneal temperature (3s-CCT), or sixth-second central corneal temperature 
(6s-CCT) among the control group, M & L fever group, and H fever group. However, the change in central 
corneal temperature measured within 1, 3, and 6 s (change in CCT within 1, 3, and 6 s) of the H fever group 
were significantly greater than those of the control group and M & L fever group. It means that when the eyes 
are opened, the CCT of the H fever group decreased faster than that of the control group and M & L fever group. 
This is the most interesting finding of this study. A faster decrease in the CCT indicates faster evaporation 
of the tear film15,16. Mapstone posits that the thermodynamic processes related to the ocular surface can be 
understood through the principles of convection, radiation, and evaporation. In particular, airflow over a surface 
facilitates heat loss through convection, whereas radiant heat loss occurs when thermal energy is transferred to 
cooler ambient temperatures13. When the eye is open and the tear film evaporates, the ocular surface experiences 
a reduction in temperature. This cooling effect is attributed to the positive latent heat of vaporization, which 
involves the dissipation of heat into the surrounding environment during the phase transition from liquid to 
gas14. The literature suggests that individuals with dry eye disease (DED) experience a more rapid cooling rate 
of the ocular surface than do individuals with normal ocular conditions. This phenomenon is presumed to be 
attributable to an increased rate of tear film evaporation14,15,17–19. Moreover, some studies have examined the 
impact of COVID-19 on dry eyes6,12,20,21. Therefore, individuals in the H fever group could experience DED, 
especially those with evaporative dry eyes (EDEs). Nevertheless, the relationship between DED and COVID-19 
infection has not been definitively established. COVID-19 can lead to meibomian gland dysfunction12, a 
temporary disruption in the microbial community of the eye resulting from viral infection22, ocular surface viral 
infection23 or the interaction of the virus with the ocular surface, thus triggering an immune-mediated response 
that exacerbates and disrupts the balance of tear film homeostasis24. Wearing face masks for extended periods 
could be associated with dry eyes25–27. Prolonged eye use20 and affective interference21,28 were also found to 
aggravate dry eyes during the COVID-19 era. There could be additional factors contributing to this situation.

To further investigate the relationship between OST and post-COVID-19 fever, we compared the OST 
of long recovery time and short recovery time in the H fever group. We found that the 6s-CCT in the short 
recovery time group was significantly lower than that in the long recovery time group. Additionally, the change 
in CCT within 1 s, 3 s, and 6 s in the short recovery time group were all greater than those in the long recovery 
time group, and there were significant differences. This means that as the recovery time from COVID-19 fever 
becomes sufficient, the change in CCT after opening the eyes decreases and dry eye symptoms alleviate. In other 
words, during the phase of COVID-19 fever and for some time afterward, the symptoms of dry eye may occur 
or worsen. This is because the onset of dry eye is multifactorial29,30. Infection with the COVID-19 virus can lead 
to varying degrees of symptoms throughout the body, including the eyes11,12. As the body recovers from the 
infection, the eye symptoms gradually improve, and the symptoms of dry eye also alleviate.

This study has several limitations and areas for further research. First, only infrared thermography was used to 
detect dry eye symptoms in this study. Using other established dry eye diagnostic tests, such as the measurement 

Variables Control group M & L fever group H fever group p-value

UET (°C) 32.35 ± 0.91 32.32 ± 1.30 32.73 ± 0.83 0.177

ICT (°C) 34.04 ± 0.64 34.00 ± 1.07 34.08 ± 0.59 0.915

OCT (°C) 33.47 ± 0.68 33.41 ± 1.20 33.60 ± 0.60 0.652

Initial CCT (°C) 33.16 ± 0.71 33.13 ± 1.10 33.21 ± 0.81 0.925

Table 2. Comparison of ocular surface temperature among groups (mean ± SD). One-way ANOVA. M & L 
fever group moderate and low post-COVID-19 fever group, H fever group high post-COVID-19 fever group, 
UET upper eyelid temperature, ICT inner canthus temperature, OCT outer canthus temperature, Initial CCT 
initial central corneal temperature.

 

Variables Control group M & L fever group H fever group p-value

Participants/eyes, n 16/32 22/44 18/36 –

Female, n(%) 6 (56%) 12 (55%) 13 (72%) –

Age (year) 61.38 ± 19.69 62.55 ± 15.94 51.33 ± 20.46 0.138

Forehead temperature ( °C) 31.33 ± 0.73 31.29 ± 0.97 31.62 ± 0.87 0.465

Body temperature ( °C) 36.58 ± 0.26 36.55 ± 0.28 36.65 ± 0.20 0.448

Table 1. Demographic and clinical data by group (mean ± SD). One-way ANOVA. M & L fever group 
moderate and low post-COVID-19 fever group, H fever group high post-COVID-19 fever group.
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of the tear film breakup time (TBUT), simultaneously to validate findings can strengthen the study’s findings. 
Second, in this study, the mean age of the participants was relatively high. If this study was expanded to middle-
aged individuals or children, it could reveal differences in OST caused by COVID-19 infection among different 
age groups. Third, the study included 56 participants, which is a small sample size, and collected data from 
both eyes, which may have led to biased statistical results. Fourth, this study did not collect data on viral loads; 
therefore, we were unable to examine the correlation between viral loads and OST. If viral loads are associated 
with OSTs, this could elucidate whether viral factors directly influence ocular symptoms.

Fig. 3. Comparison of upper eyelid temperature (UET), inner canthus temperature (ICT), outer canthus 
temperature (OCT), initial central corneal temperature (initial CCT) among the control group, moderate and 
low post-COVID-19 fever group (M & L fever group) and high post-COVID-19 fever group (H fever group).
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Conclusion
In conclusion, the central corneal temperature (CCT) of patients who have an insufficient recovery time from 
COVID-19 infection or who exhibit severe infection symptoms could decrease faster when the eyes open. This 
may be due to dry eye disease.

Variables Control group M & L fever group H fever group p-value

Initial CCT (°C) 33.16 ± 0.71 33.13 ± 1.10 33.21 ± 0.81 0.925

1s-CCT (°C) 33.08 ± 0.74 33.05 ± 1.10 33.07 ± 0.86 0.989

3s-CCT (°C) 33.00 ± 0.77 32.98 ± 1.07 32.91 ± 0.94 0.929

6s-CCT (°C) 32.91 ± 0.80 32.90 ± 1.07 32.76 ± 1.04 0.812

Change in CCT within 1 s (°C) 0.08 ± 0.09 0.08 ± 0.08 0.15 ± 0.12

0.003a

0.007b

0.008c

Change in CCT within 3 s (°C) 0.17 ± 0.17 0.16 ± 0.14 0.30 ± 0.22

0.001a

0.005b

0.001c

Change in CCT within 6 s (°C) 0.26 ± 0.23 0.23 ± 0.20 0.45 ± 0.30

< 0.001a

0.004b

< 0.001c

Table 3. Comparison of central corneal temperature measured within 6 s (mean ± SD). M & L fever group 
moderate and low post-COVID-19 fever group, H fever group high post-COVID-19 fever group, Initial CCT 
initial central corneal temperature, 1s-CCT first-second central corneal temperature, 3s-CCT, third-second 
central corneal temperature, 6s-CCT sixth-second central corneal temperature, change in CCT within 1 s 
change in central corneal temperature measured within 1 s, change in CCT within 3 s change in central corneal 
temperature measured within 3 s, change in CCT within 6 s change in central corneal temperature measured 
within 6 s. aP < 0.01 (One-way ANOVA), bP < 0.01 (H fever group vs. control group, Tukey’s HSD), cP < 0.01 
(H fever group vs. M & L fever group, Tukey’s HSD).
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Fig. 4. Comparison of initial central corneal temperature (initial CCT), first-second central corneal 
temperature (1s-CCT), third-second central corneal temperature (3s-CCT), sixth-second central corneal 
temperature (6s-CCT) among the control group, moderate and low post-COVID-19 fever group (M & L fever 
group) and high post-COVID-19 fever group (H fever group).
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Fig. 5. Comparison of the change in central corneal temperature measured within 1, 3, and 6 s (change in 
CCT within 1, 3, and 6 s) among the control group, moderate and low post-COVID-19 fever group (M & L 
fever group) and high post-COVID-19 fever group (H fever group). **P < 0.01 (Tukey’s HSD), ***P < 0.001 
(Tukey’s HSD).

 

Scientific Reports |         (2025) 15:2273 9| https://doi.org/10.1038/s41598-025-86407-y

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Fig. 6. Continuous changes in central corneal temperature were measured within 6 s in the control group, 
moderate and low post-COVID-19 fever group (M & L fever group), and high post-COVID-19 fever group (H 
fever group).
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Data availability
The datasets used during the current study could be available from the corresponding author on reasonable 
request.
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