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Quantifying the hidden impact of COVID- 19 pandemic:  
The cytology perspective

Elham Yousefi, MD ; Edmund S. Cibas, MD ; and Jeffrey K. Mito, MD PhD
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INTRODUCTION

As of the writing of this manuscript, global COVID- 19 deaths have exceeded six million.1,2 Although the bur -
den of the COVID- 19 pandemic is often enumerated as lives lost directly to COVID- 19, the strain on health 
care resources and mobility limitations have certainly contributed to the burden of non– COVID related dis -
ease. Prior studies have attempted to quantify this impact by comparing all- cause/disease- specific mortality and 
hospitalization rates to similar time intervals before the pandemic,3– 6 but the excess burden of the pandemic 
on public health is not limited to the immediate lives lost. The long- term impact of the pandemic may entail 
an increase in overall mortality, decreased life expectancy, and worsening health care disparities.7 This is partly 
caused by reduced capacity of the health care system to deliver timely preventive and screening services to the 
general population as the focus has shifted toward the unexpected demands of the crisis.8 The full impact of 
COVID- 19 pandemic is hard to measure and will likely manifest itself in the years to come.

Early in the pandemic, cytology laboratories observed a significant reduction in sample volumes across 
specimen types attributed to suspension of screening programs, reluctance for in- person health care visits, and 
concern over the biosafety of procedures for both patients and health care/laboratory workers.9,10 This reduction 
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was particularly notable with routine Papanicolaou (Pap) 
test (henceforth GYN) specimens and minimally inva-
sive procedures such as fine- needle aspiration (FNA) and 
endobronchial ultrasound- guided transbronchial needle 
aspiration (EBUS- TBNA), which were limited to ur-
gent referrals.9– 11 Not surprisingly, the practice of triag-
ing services to patients with a higher preprocedure risk 
of malignancy resulted in an increase in the overall rate 
of malignancy in cytology samples.9– 12 The cumulative 
effect appears to be complex and multifactorial, but con-
cern remains over lingering delays in the diagnosis and 
treatment of life- threatening malignancies in the general 
population.13,14 In this study, we aimed to evaluate the im-
pact of the pandemic on preventive and diagnostic services 
through a time series review of cytology samples at a single 
institution.

MATERIALS AND METHODS

Pathology reports for all cytology specimens received 
from January 2019 through April 2021 at the Brigham 

 

and Women’s Hospital were reviewed. The data were 
summarized based on cytology sample type and diagnos-
tic category in daily, weekly, and monthly aggregates. The 
daily and cumulative reports for Boston, Massachusetts, 
COVID- 19 cases and mortality were extracted from 
the COVID- 19 Interactive Data Dashboard of the 
Commonwealth of Massachusetts Web site (https://
www.mass.gov/info- detai ls/covid - 19- respo nse- repor 
ting).

Time series analysis was performed using the “tseries” 
R package for moving averages, smoothing, and time 
trend analysis. Testing for homogeneity was performed 
using the “snht” R package. In this package, the Standard 
Normal Homogeneity Test (SNHT) is performed on 
time series data, which searches the data for breakpoints 
where shifts in values occur. For breakpoint analysis, we 
set the SNHT to search for periods of 3 weeks’ duration, 
with breakpoint scores of 20 or above considered as sig-
nificant. Time series visualization was performed using 
the “ggplot2” R package.

Figure 1. Time- series plots showing (A) the weekly aggregates of new COVID- 19 cases in Boston, Massachusetts, and (B) the weekly 
aggregates of gynecologic and (C) non-gynecologic cytology sample numbers.

(A)

(B)

(C)
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Cross- correlation analysis was performed using the 
“astsa” R package. In time series analysis, cross- correlation 
is a measure of similarity between two series as a function 
of the displacement of one series relative to the other (i.e., 
cross correlation examines the relationship between two 
time series).

RESULTS

Effect of COVID- 19 pandemic on GYN 
cytology specimens

Before the pandemic, the average weekly number of GYN 
cytology specimens at our institution was 634 (over a 
1- year period). The average weekly numbers of cases clas-
sified as: malignant, high- grade squamous intraepithelial
lesion (HSIL), low- grade squamous intraepithelial lesion
(LSIL), and atypical squamous cells of uncertain signifi-
cance (ASCUS) were 0.09, 1.9, 11.8, and 34.1 (over a
1- year- period), r espectively.

During the first peak of the pandemic (March 11, 
2020–J une 3, 2020), the average weekly GYN cytology 
volume dropped to 101 (−84.0%, compared with the 
prior 3- week moving average) (Fig. 1). Breakpoint anal-
ysis by SNHT showed a downward shift in the number 
of weekly accessions occurring during the week of March 
4, 2020, whereby a reduction of 89.4% occurred com-
pared with the prior 3- week moving average (Table  1). 
Accordingly, diagnostic categories including HSIL, LSIL, 
and ASCUS also showed a marked reduction in the 
same period (average weekly numbers: 0 [−100%], 1.7 
[−90%], and 1 [−95.7%], respectively) (Fig. 2).

Breakpoint analysis showed a return to normal levels 
after the first peak of the pandemic with phase 1 reopen-
ing of the city and resumption of normal health care ser-
vices (253% increase in volume occurring in the week of 
May 13, 2020, compared with the prior 3- week moving 
average). A smaller reduction in volume (−20.1% com-
pared with the prior 3- week moving average) occurred 
with the second COVID- 19 peak (the week of November 
4, 2020), corresponding to the issuance of stay- at- home 
advisory, with this reduction lasting until January 13, 
2021, whereby the weekly volume returned to prepan-
demic levels (Table 1).

Cross- correlation analysis showed a correlation of the 
reduction in GYN volume with increasing COVID- 19 
cases during the first peak of the pandemic in Boston, MA, 
with a zero- week lag (Fig. 3A). This strong correlation was 
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not observed during the second peak of the pandemic, likely 
because of the more modest reduction in specimen num-
bers compared with the higher number of COVID- 19 cases 
identified during this phase of the pandemic (Fig. 3B).

Effect of COVID- 19 pandemic on non- GYN 
cytology specimens

Before the pandemic, the average weekly volume of 
non- GYN cytology specimens (body cavity fluids, spu-
tum, brushings, washings, urine, and FNAs) at our 
institution was 213 (over a 1- year- period). During the 
first peak of the pandemic (March 11, 2020– June 3, 
2020), the average weekly non- GYN cytology speci-
men numbers dropped to 104 (−51.0%, compared 
with the prior 3- week moving average) (Figs.  1 and 
2). Breakpoint analysis by SNHT showed a downward 
shift in the number of weekly accessions occurring dur-
ing the week of March 25, 2020 (corresponding to the 
first stay- at- home advisory in Massachusetts), whereby 
a reduction of 70.4% occurred compared with the prior 
3- week moving average (Table 1). Breakpoint analysis
showed a return to normal levels after the first peak of
the pandemic with phase 1 reopening of the city and

the resumption of normal health care services (50.4% 
increase in volume occurring in the week of May 27, 
2020, compared with the prior 3- week moving aver-
age). Again, a smaller reduction in volume (−24.8% 
compared with the prior 3- week moving average) oc-
curred with the second COVID- 19 peak (the week of 
December 23, 2020), with this reduction lasting until 
January 20, 2021, whereby the weekly volumes returned 
to prepandemic levels (Table 1). Cross- correlation anal-
ysis showed correlation of the reduction in non- GYN 
volumes with increasing COVID- 19 cases in the first 
peak of the pandemic with a 1- week lag (Fig. 3C). A 
correlation was not observed during the second peak of 
the pandemic (Fig. 3D).

The reduction in volume was observed for all non- 
GYN cytology specimen types (Figs. 2 and 4). During 
the first weeks of the pandemic, thyroid FNA numbers 
decreased by 86.4% (from a weekly average of 22.0 to 
a weekly average of 3.0) (Fig. 4A), whereas other FNA 
samples decreased by 69.6% (from a weekly average of 
20.7 to a weekly average of 6.3) (Table 1). Several non- 
GYN cytology specimen categories also showed a rela-
tive reduction during the second peak of the pandemic 

Figure 2. Heatmap showing the normalized and centered values of weekly COVID- 19 case numbers in Boston, Massachusetts, along 
with a breakdown of gynecologic and non-gynecologic sample numbers and diagnostic categories. The color spectrum represents 
the standard deviation from mean (SD).

Time series analysis of COVID-19 impact/Yousefi et al.
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with FNAs other than thyroid, EBUS- TBNA and urine 
cytology specimens being the most notable (from weekly 
averages of 20.3, 36.0, and 65.7 to weekly averages of 
12.3 [−39.4%], 22.0 [−38.9%], and 49.7 [−24.4%], 
respectively) (Fig.  4B- D). Additionally, the weekly 
urine cytology specimen accession number showed cor-
relation with COVID- 19 case numbers during both the 
first and second peaks of the pandemic (Fig. 4D).

Breakpoint analysis further identified a significant 
reduction in the absolute number of non- GYN malig-
nant or suspicious diagnoses during the first peak of 
pandemic (week of March 11, 2020) from a prior 3- 
week moving average of 36.3 to 15.0 (−58.7%) (Fig. 5; 
Table  1). During the second peak of the pandemic 
(week of December 23, 2020), a milder reduction was 
observed (−41.5%) (Table 1). Cumulatively, during the 
first 3 months of the pandemic, 154 fewer malignant 
cases were identified compared with a moving average 

in the prior year. A similar reduction in the number 
of malignant cases was not observed during the second 
surge of the pandemic (Fig.  5). Although specimen 
numbers slowly returned to baseline following the first 
wave of the pandemic, there is no evidence that the ear-
lier decline was offset/corrected for the duration of this 
study.

The total cytology volumes during the first and sec-
ond surges of the pandemic at our institution showed 
a correlation with COVID- 19– confirmed deaths in 
Massachusetts. Despite higher overall COVID- 19 cases 
in the second surge of the pandemic, the number of 
deaths associated with the disease was lower compared 
with the first surge just as the reduction in the total 
number of cytology samples was lower during the sec-
ond surge compared to the first surge (Fig.  6A). Cross 
correlogram showed that the minima of cytology samples 
occurred 2 weeks before the peak mortality associated 

Figure 3. Cross correlogram of Boston COVID- 19 case numbers with (A) total gynecologic sample numbers during the first peak 
of pandemic. The correlations in this time frame are negative with a lag of zero weeks, indicating that an increase in the number 
of COVID- 19 cases led to a below average value of gynecological samples in the same week. (B) Cross correlogram of Boston 
COVID- 19 case numbers sample numbers during the second peak of pandemic. Cross correlogram of (C) non-gynecologic cytology 
sample numbers during the first peak of pandemic and (D) non-gynecologic cytology sample numbers during the second peak of 
pandemic. Red bars indicate the point of maximum correlation (between the minima of sample numbers and maxima of COVID- 19 
case numbers), which occurred in the same week for gynecologic samples and with a 1- week delay for non-gynecologic sample 
numbers during the first peak of cases. No significant cross correlation was observed between accession numbers and COVID- 19 
case numbers during the second peak. CCF indicates cross- correlation function.

(A)

(C)

(B)

(D)
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with COVID- 19 during the first and second peaks of the 
pandemic (Fig. 6B).

DISCUSSION

The deleterious effects of the COVID- 19 pandemic on 
health care goes far beyond the immediate excess mortal-
ity, and its magnitude will be elucidated in the years to 
come. In this study, we attempted to uncover some of 
the hidden impacts of the pandemic through a time- series 
review of cytology samples at a single institution.

Globally, cytology laboratories encountered a 
substantial decrease in sample volumes across spec-
imen types early in the pandemic. Most published 
studies have focused on the effects of the first surge of 
COVID- 19 cases using a cross- sectional methodology 
comparing specimen numbers with comparable periods 
from prior years. Vigliar et al. evaluated the effect of the 

COVID- 19 pandemic on laboratories in 23 countries 
during the first 4 weeks of peak infection spread in each 
country. They reported an absolute reduction in the 
total number of cytology cases and an overall increase in 
the malignancy rate compared with the corresponding 
period in 2019. They also reported a higher overall rate 
of malignancy and concluded that patients with higher 
oncological risk had been successfully prioritized.10 
Similar observations were made by Rana et al. in a cy-
tology laboratory in India.15 In another study, Virk et 
al. showed a considerable reduction in both GYN and 
non- GYN volumes in their laboratory in New York. 
Additionally, they observed an increase in the propor-
tions of malignant, suspicious, and atypical diagnoses 
for non- GYN samples and increased proportions for all 
the abnormal categories of GYN samples except LSIL.16 
In the Asia- Pacific region, a study of 167 laboratories 

Figure 4. Time series plots showing the weekly aggregates of new COVID- 19 cases in Boston, Massachusetts (red line) and the 
weekly aggregates of selected non-gynecological cytology sample numbers (blue line) for (A) thyroid FNA, (B) non-thyroid FNA, 
(C) EBUS, and (D) urine cytology samples. The horizontal lines represent weekly sample averages for January 2, 2019– March 10,
2020 (blue), March 11, 2020– June 3, 2020 (green), June 4, 2020– October 7, 2020 (pink), and October 8, 2020– April 21, 2021 (brown).
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from 24 countries by Wang et al. described a significant 
reduction in the cytology caseload, most prominent for 
GYN samples over the 3- month duration of the study 
(February 1, 2020– April 30, 2020), but the overall rate 
of malignancy was similar to the corresponding period 
in 2019.17 In a follow- up post- lockdown study, Vigliar 
et al. surveyed 29 respondents in 17 countries for the 
first 12- week post- lockdown period compared with cor-
responding periods in 2019. Their results showed an 
overall increase in the rate of malignancy but an alarming 
persistence in the reduction of cytology sample volumes 
(although the rate of reduction had slowed down in the 
second half of the assessed period).12,18 Our observa-
tions mirror these results, demonstrating that the most 
significant effect of the pandemic on specimen volume 
occurred during the first surge (March 11, 2020– June 
3, 2020). With the second peak of the pandemic, oc-
curring in late 2020 and early 2021, the effect on sam-
ple volume and the number of malignant diagnoses was 
much less severe compared with the first peak, despite 
higher COVID- 19 case numbers.19 This is in line with 
the observation that the second wave of the pandemic in 
wealthier nations was associated with lower direct mor-
tality.20 These results suggest that better preparedness 
and surge capacity planning for the second peak not 

only reduced the direct mortality of the COVID- 19 but 
also, at least in our institution, appears to have reduced 
the impact on other aspects of the health care system, 
including cytology laboratory workload (Fig. 6A).

In practice, cytology functions in some cases as a diag-
nostic test and in others as a screening tool, and less urgent 
specimens such as Pap and urine tests tended to be more 
responsive to rising COVID- 19 case numbers and local 
stay- at- home advisories than other non- GYN specimens 
(Figs. 2 and 4D). These findings raise concern for delayed 
care and surveillance of patients. Regardless of the changes 
in specimen numbers, the relative increase (or decrease) 
in the malignancy rates during the pandemic may be less 
meaningful than changes in the absolute number of malig-
nant diagnoses rendered. In our study, we showed an abso-
lute deficit of 154 malignant cases attributed solely to the 
initial COVID- 19 surge period compared with the moving 
average of the year before the pandemic. Because our data 
are generated from a referral center, it is possible that some 
of these cases were still identified as patients sought care 
closer to home. Still, we saw no evidence of an offsetting 
of this deficit during the study period, suggesting that a 
significant number of malignancies were not identified.

Breakpoint analysis showed that during both surges 
the downward shift in the GYN samples occurred a few 

Figure 5. Time- series plots showing the weekly aggregates of non-gynecologic cytology results.

Original Article
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weeks before the downward shift in the non- GYN sam-
ples, and mostly coincided (or occurred within 2 weeks) 
of the issuance of stay- at- home advisories. This is most 
likely related to the screening nature of Pap tests, which 
makes patients and providers more willing to postpone 

testing, whereas many non- GYN samples are diagnostic 
procedures and thus perceived as more urgent.

The deleterious effects of the COVID- 19 pandemic 
extend beyond any direct mortality attributed to the 
disease. The significant decrease in cytology specimens 

Figure 6. (A) Time- series plots showing the weekly aggregates of new COVID- 19 deaths in Boston, Massachusetts (red) and the 
weekly aggregates of total cytology sample numbers (green). (B) Cross correlogram of Boston COVID- 19 deaths with total cytology 
sample numbers during the first and second peaks of the pandemic. The red bar indicates that the minima of cytology samples 
occurred 2 weeks before the maxima of COVID- 19 deaths. CCF indicates cross- correlation function.

(A)

(B)
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during this period has profound implications. In the best- 
case scenario, this means delayed care for many patients; 
in the worst- case scenario, it means missed disease with 
adverse outcomes that will be measured in the coming 
years. During the second surge of the disease, despite 
a higher number of COVID- 19 cases, a much less no-
table effect was observed on cytology sample numbers. 
This success can be attributed to capacity building in 
the health care system, allowing for continued routine 
medical care in addition to caring for COVID- 19 pa-
tients during this phase of the pandemic. The experience 
with the COVID- 19 pandemic is an invaluable lesson in 
the vital necessity of contingency planning and capacity 
building, for the ongoing management of the crisis and 
any future outbreaks.
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