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a b s t r a c t 

Objectives: Interferon- γ release assays (IGRAs) are widely used in public health practice to diagnose 

latent tuberculosis. During the COVID-19 pandemic and rollout of COVID-19 vaccination, it has remained 

unclear whether COVID-19 vaccines interfere with IGRA readouts. 

Methods: We prospectively recruited healthcare workers during their annual occupational health exam- 

inations in 2021. Baseline IGRA readouts were compared with follow-up data after the participants had 

received two doses of COVID-19 vaccination. 

Results: A total of 134 baseline IGRA-negative cases (92 with ChAdOx1 vaccine, 27 with mRNA-1273 

vaccine, and 15 with heterologous vaccination) and seven baseline IGRA-positive cases were analyzed. 

Among the baseline IGRA-negative cases, there were decreased interferon- γ concentrations over the Nil 

( P = 0.005) and increased Mitogen-Nil ( P < 0.001) values after vaccination. For TB2-Nil value, a simi- 

lar trend ( P = 0.057) of increase was observed. Compared with the 0.35 IU/ml threshold, the baseline 

and follow-up readout differences were less than | ± 0.10| IU/ml over the TB1-Nil and TB2-Nil values in 

> 90% baseline IGRA-negative cases. No significant readout difference was observed among baseline IGRA- 

positive cases. 

Conclusion: COVID-19 vaccination did not change IGRA interpretation in most cases. Cases showing con- 

version/borderline IGRA readouts should be given special consideration. 

© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

I

l

d

m

f

M

G

+

d

t

g

s

t

l

t

h

1

l

ntroduction 

According to the World Health Organization (WHO), tubercu- 

osis (TB) caused by Mycobacterium tuberculosis led to 1.5 million 

eaths worldwide in 2020 (2021) . As TB is curable and preventable, 

any public health interventions have tried eliminating this in- 

ectious disease. To achieve the WHO’s goal of ending the TB epi- 
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emic by 2030, public health approaches are underway to find and 

reat latent TB infections and active TB disease (World Health Or- 

anization World Health Organization WHO, 2018 ). The tuberculin 

kin test (TST) has conventionally been used to screen for TB infec- 

ion. However, it is being increasingly replaced by interferon- γ re- 

ease assays (IGRAs). IGRAs, which detect cell-mediated responses 

o M. tuberculosis antigens, are now widely used for TB contacts, 

ealthcare workers, and immigrants because of their simpler pro- 

edure and interpretation compared with TSTs. However, like with 

STs, several vaccines, especially live virus vaccines (e.g., measles, 

umps, rubella, varicella, yellow fever, and oral polio) may inter- 

ere with IGRA results. Therefore, testing should be performed ei- 

her on the same day as vaccination or postponed until at least 
iety for Infectious Diseases. This is an open access article under the CC BY-NC-ND 
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 weeks after vaccination ( Centers for Disease Control and Pre- 

ention CDC US, 2021 ). Currently, the COVID-19 pandemic is still 

nderway, and COVID-19 vaccination programs have been rolled 

ut worldwide; however, it is unknown whether COVID-19 vac- 

ines interfere with IGRA results. Although none of the currently 

uthorized SARS-CoV-2 vaccines are live virus vaccines ( Creech 

t al ., 2021 ) and IGRAs are designed to measure TB-specific cell 

esponses, the effects of the COVID-19 vaccine on IGRA results can- 

ot be excluded. Therefore, it was suggested that IGRAs should be 

erformed 4 weeks after completing COVID-19 vaccination. How- 

ver, this suggestion was quickly abandoned because issues in hos- 

ital logistics (e.g., new staff recruitment) have made it difficult 

o follow during the COVID-19 outbreak (Centers for Disease Con- 

rol and Prevention [CDC] US, 2021; Chorba, 2021 ). Because of the 

ack of related evidence and the employment of new action mecha- 

isms of currently used COVID-19 vaccines (e.g., chimpanzee aden- 

virus vaccine vector and mRNA vaccine), we examined serial IGRA 

eadout changes in a cohort of healthcare workers before and after 

OVID-19 vaccination to clarify the feasibility of performing IGRA 

uring COVID-19 vaccination rollout. 

ethods 

This study was performed from January 2021 to November 2021 

t four study sites in Taiwan (Keelung, Taoyuan, Chiayi, and Kaoh- 

iung Chang Gung Memorial Hospital). Healthcare workers at the 

tudy hospitals who consented to participate in the study during 

heir annual occupational health examination underwent a base- 

ine IGRA from January to April 2021. None of the study partic- 

pants had been administered COVID-19 vaccines before sample 

ollection because of a nationwide shortage of COVID-19 vaccines. 

he COVID-19 mass vaccination program was rolled out in the 

tudy hospitals in late March 2021. The AstraZeneca-Oxford ChA- 

Ox1 vaccine was the first available COVID-19 vaccine in the study 

ospitals, followed by the Moderna mRNA-1273 vaccine, accord- 

ng to the vaccine supply. A heterologous ChAdOx1/mRNA-1273 

rime-boost vaccination was approved by the Taiwan Centers for 

isease Control on July 25, 2021; therefore, a few participants in 

he study received heterologous vaccination, mostly because of the 

ntolerable side effects experienced by the participants after the 

rst ChAdOx1 vaccination. A follow-up IGRA was performed from 

uly to October 2021, 3-6 months after the baseline IGRA. By then, 

he participants had completed their COVID-19 vaccination; that is, 

wo doses of the ChAdOx1 vaccine separated by at least an 8-week 

nterval, two doses of the mRNA-1273 vaccine, separated by at 

east a 4-week interval, or heterologous vaccination with the two 

accines separated by at least an 8-week interval. Participants who 

eceived vaccines other than those for COVID-19 during the study 

eriod were excluded from analysis. IGRA-negative/positive cases 

ere separately recruited according to their baseline IGRA results. 

uantiFERON-TB Gold Plus (QIAGEN, Hilden, Germany) and QFT- 

lus Analysis software were used according to the manufacturer’s 

nstructions. In short, fresh whole blood samples that were col- 

ected from participants in lithium-heparin tubes were transferred 

o QuantiFERON-TB Gold Plus tubes labeled Nil, TB1, TB2, or mi- 

ogen within 16 hours after blood collection. The tubes were then 

ncubated at 37 °C for 16-24 hours. After incubation, the tubes were 

entrifuged and the plasma fraction was taken out and stored at –

0 °C until use. Enzyme-linked immunosorbent assays were run in 

atches to determine the level of interferon- γ (IFN- γ ) concentra- 

ion in the plasma samples. The IGRA readouts included the IFN- γ
oncentrations in the Nil, TB1, TB2, and mitogen tubes and the IFN- 

concentration differences (TB1-Nil, TB2-Nil, Mitogen-Nil) before 

nd after COVID-19 vaccination were then compared. For statistical 

nalysis, an upper limit of 10 IU/ml was used for IGRA readouts 

 10 IU/ml. The t -test or Mann Whitney test or Wilcoxon signed- 
538 
ank test was used for numerical variables, and the chi-square test 

r Fisher’s exact test was used to compare categorical variables. 

tatistical significance was set at P < 0.05 for all statistical tests. 

esults 

We recruited 144 baseline IGRA-negative cases and 32 base- 

ine IGRA-positive cases during the study period. Figure 1 shows a 

owchart of participant recruitment. Among the participants who 

ere IGRA-negative at baseline, 134 cases—including 92 cases with 

he ChAdOx1 vaccine, 27 with the mRNA-1273 vaccine, and 15 

ith heterologous vaccination—were included in the final analy- 

is. Only seven cases were included in the final analysis among 

he participants who were IGRA-positive at baseline. Table 1 shows 

he demographic characteristics of the participants. Compared with 

he IGRA-negative cases, the IGRA-positive cases were more likely 

o be male ( P = 0.016), be older (median 51 vs 38 years old,

 = 0.003), have diabetes (29% vs 2%, P = 0.02), and have renal 

isease ( P = 0.05) or heart disease ( P = 0.05). The follow-up pe-

iod was shorter for IGRA-positive cases than for the IGRA-negative 

ases (median 43 vs. 62 days after the second dose of COVID-19 

accine, P = 0.023). 

We then compared the differences in the baseline and follow- 

p IGRA readouts among baseline IGRA-negative cases ( Figure 2 ). 

hese cases (n = 134) showed a significant increase in their IFN- γ
oncentrations after COVID-19 vaccination compared with changes 

n their Mitogen-Nil values; however, there was a subtle decrease 

f IFN- γ concentrations in the postvaccination Nil values. The TB2- 

il value revealed a probable trend ( P = 0.057) of an elevated IFN- 

concentration in the follow-up test ( Figure 2 ). 

For the IGRA used in the study, the Nil tube served as the 

ackground control, and the mitogen tube served as the positive 

ontrol; the values of TB1-Nil and TB2-Nil are directly related to 

he positive/negative interpretation of the IGRA (each with a cut- 

ff value of 0.35 IU/ml), because the IFN- γ concentration had a 

rend of elevation over the TB2-Nil values among these COVID- 

9 vaccines; therefore, we compared the same-person serial IGRA 

eadout differences for these participants ( Figure 3 ). Among base- 

ine IGRA-negative participants (n = 134), 83% and 80% of cases 

ad a difference between the two IGRA readouts of less than | ±
.05| IU/ml in TB1-Nil and TB2-Nil values, respectively. Moreover, 

n 92% and 93% of the participants who were IGRA-negative at 

aseline, the two IGRA readouts showed differences less than | ±
.10| IU/ml in TB1-Nil and TB2-Nil values, respectively ( Figure 3 ). 

nly 4.5% (6/134) of baseline IGRA-negative cases showed differ- 

nces in either their TB1-Nil or TB2-Nil value of more than 0.20 

U/ml between the two IGRAs, and only 1.5% (2/134) of these cases 

howed differences of more than 0.20 IU/ml for both their TB1-Nil 

nd TB2-Nil values between the two IGRAs. No significant IFN- γ
oncentration differences were observed between participants who 

nderwent a follow-up IGRA test < 7 weeks after completion of 

OVID-19 vaccination compared with those at 7–11 weeks or > 11 

eeks in baseline IGRA-negative cases ( Figure 4 ). In baseline IGRA- 

ositive cases, there were no significant differences between the 

aseline and follow-up IGRA readouts after COVID-19 vaccination 

Supplementary Figure 1). 

There were four IGRA conversion cases: two baseline IGRA- 

egative cases that converted to a positive result at follow-up and 

wo baseline IGRA-positive cases that converted to a negative re- 

ult at follow-up (Supplementary Table 1). Because the range of 

GRA readout differences in these cases was much greater than 

hat in the above analysis, the conversion in these four cases was 

hought to be caused by factors other than the COVID-19 vaccines. 

he four cases were thus excluded from the final group analy- 

is, as shown in the initial study flowchart ( Figure 1 ). During the

tudy period, COVID-19 was a notifiable infectious disease in Tai- 
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Figure 1. Flowchart of study participant recruitment from healthcare workers at the study sites with (A) baseline-negative or (B) baseline-positive IGRA results in their 

annual health exam. IGRA: interferon- γ release assay. 
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an. None of the participants reported having a positive SARS- 

oV-2 polymerase chain reaction in the study. 

iscussion 

We found that the currently employed major COVID-19 vac- 

ines (ChAdOx1 vaccine and mRNA-1273 vaccine) may impact IGRA 

eadouts but mostly on Nil and Mitogen-Nil values. The differ- 

nces in TB1-Nil or TB2-Nil values were insignificant (less than 

0.10 IU/ml in more than 90% IGRA-negative cases than the 0.35 

U/ml cutoff). Two baseline IGRA-negative cases became positive at 

ollow-up. However, it remains unclear whether this change was 
539
aused by factors other than COVID-19 vaccines (e.g., recent in- 

ection with M. tuberculosis or assay variability). Even consider- 

ng these two cases, the overall IGRA conversion rate after COVID- 

9 vaccination was as low as 1.47% (2/136) among baseline IGRA- 

egative cases. This value was even lower than the potential false- 

ositive rate of IGRA ( Moses et al ., 2016 ; Slater et al ., 2013 ; Slater

t al ., 2014 ). We do not know how COVID-19 vaccination impacted 

he Nil and Mitogen-Nil values in IGRA. However, it is known that 

FN- γ as well as other cytokines were released by immune effector 

ells in natural SARS-CoV-2 infection ( Tan and Tang, 2021 ). IFN- γ
s part of human innate immunity against virus infection and has 

n immunoregulatory role in linking the innate immune response 
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Table 1 

Demographic characteristics of the study participants. 

IGRA-negative IGRA-positive 

(n = 134) (n = 7) P- value 

Sex (%, n) 0.016 

Male 15% (20) 57% (4) 

Female 85% (114) 43% (3) 

Age 0.003 

years, median (IQR) 38 (32–44) 51 (45–56) 

Underlying diseases (%, n) 

Diabetes mellitus 2% (3) 29% (2) 0.020 

Renal disease 0% (0) 14% (1) 0.050 

Liver disease 7% (9) 14% (1) 0.409 

Malignancy 3% (4) 0% (0) 1.000 

Autoimmune disease 0% (0) 0% (0) 

Heart disease 0% (0) 14% (1) 0.050 

Smoking 0% (0) 0% (0) 

Alcoholism 0% (0) 0% (0) 

Others 7% (9) 0% (0) 1.000 

Vaccine type (%, n) 

ChAdOx1 69% (92) 43% (3) 

mRNA-1273 20% (27) 57% (4) 

Heterologous 11% (15) 0% (0) 

Days after administration of second dose of COVID-19 vaccine 0.023 

days, median (IQR) 62 (50-74) 43 (25-53) 

IGRA, interferon- γ release assay; IQR, interquartile range. 

Note: P- values in bold represent statistical significance. 

Figure 2. Comparison of baseline and follow-up interferon- γ release assay (IGRA) readouts among baseline IGRA-negative participants. ∗ or P -values in bold represent 

significance. ∗: P < 0.05; ∗∗∗: P < 0.001. IFN- γ : interferon gamma. 

Figure 3. Differences in (A) TB1-Nil and (B) TB2-Nil values between baseline and follow-up interferon- γ release assay (IGRA) in baseline IGRA-negative participants (n = 134) 

administered COVID-19 vaccines. IFN- γ : interferon gamma. 

540 
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Figure 4. Distribution of interferon- γ release assay readout differences with time after administering the second dose of COVID-19 vaccine. Note: < 7 weeks (n = 30); 7-11 

weeks (n = 77); > 11 weeks (n = 27). IQR: interquartile range. 
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nd activation of adaptive immunity ( Lee and Ashkar, 2018 ). There- 

ore, we reasoned that the COVID-19 vaccines, with the SARS-CoV- 

 antigen produced or the vector contained, may have activated or 

erturbed the immune cells (causing an IFN- γ change in the Nil 

ube). The activated immune cells may produce a stronger nonspe- 

ific immune response upon further stimulation by the mitogen 

n IGRA. There was also an intriguing finding that the impact of 

OVID-19 vaccines on IGRA lasted longer ( > 11 weeks) than previ- 

usly expected ( < 4–6 weeks) (Centers for Disease Control and Pre- 

ention [CDC] US, 2021). Overall, the COVID-19 vaccine impacted 

GRA readouts but did not change the interpretation of the results 

n most cases. However, special consideration (e.g., further testing) 

ay be given in cases showing conversion or borderline IGRA read- 

uts because changes caused by COVID-19 vaccines may influence 

he IGRA interpretation. 

The demographic characteristics of the study participants were 

imilar to those in previous reports; for example, IGRA-positive 

ases were older ( Katsenos et al ., 2011 ) and more likely to have

hronic conditions, such as diabetes ( Lee et al ., 2017 ) or renal dis-

ases ( Yuan et al ., 2005 ). There were also more male participants in

he IGRA-positive group in this study; male sex is associated with 

n increased risk of TB incidence ( Gao et al ., 2017 ). The type of
541
ob and longer service years of the male healthcare workers in the 

tudy hospitals should also be considered. For example, more nurs- 

ng staff in the study hospitals are female, and nursing staff gen- 

rally had higher turnover rates and shorter service years in the 

tudy hospitals. The follow-up time of the baseline IGRA-positive 

ases after the second dose of COVID-19 vaccination (median 43 

ays) was shorter than that of the baseline IGRA-negative cases 

median 62 days). This was mostly because of the clinical consid- 

ration of starting latent TB infection treatment in IGRA-positive 

ases, leading to a shorter waiting time before the second IGRA. 

This study had several limitations. First, the sample size was 

mall, particularly in the mRNA-1273 and heterologous vaccine 

roups; therefore, we could not delineate the individual effects 

f different COVID-19 vaccines on IGRA. In baseline IGRA-positive 

ases, we did not observe significant IGRA differences after COVID- 

9 vaccination; however, this may also be because of the small 

ample size. Second, all study participants underwent a follow-up 

GRA after completing the second dose of COVID-19 vaccination. 

here was no IGRA readout comparison for samples collected im- 

ediately after the participants were administered the first dose 

f the COVID-19 vaccine. The short-term effect on IGRA immedi- 

tely after COVID-19 vaccination was not evaluated because im- 
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une reactions induced by vaccines are generally thought to be 

tronger after the booster shoot ( Barrett et al ., 2021 ; Chu et al .,

021 ; Ramasamy et al ., 2021 ). Therefore, the IGRA readout differ- 

nces immediately after COVID-19 vaccination were expected to 

e less pronounced than those observed in our study. Third, be- 

ause of the shortage of the COVID-19 vaccine during the study 

eriod, more participants received the ChAdOx1 vaccine than the 

RNA-1273 vaccine or heterologous vaccination. In addition, the 

ollow-up time of the ChAdOx1 group was longer than those of 

he other groups. Fourth, we could not include a nonvaccinated 

ontrol group in the study. Because the study participants were 

ll first-line healthcare workers, it was difficult and potentially 

nethical to recruit nonvaccinated participants during the COVID- 

9 epidemic. However, to the best of our knowledge, we did not 

nd literature that had reported a trend of IGRA readout elevation 

ver time among the healthcare worker population. Finally, only 

he ChAdOx1, mRNA-1273, and ChAdOx1/mRNA-1273 heterologous 

chemes were compared; therefore, the results may not apply to 

ther COVID-19 vaccines. 

In summary, we observed serial IGRA readout differences 

mong COVID-19 vaccinated healthcare workers. However, the 

B1-Nil and TB2-Nil differences were considered minimal because 

he cutoff value (0.35 IU/ml) was much greater than the IGRA 

ifferences in most cases; TB antigen-specific reaction may out- 

eigh the COVID-19 vaccine effect on IGRA. However, in cases with 

onversion or a borderline TB1-Nil, TB2-Nil readout that is close 

o the IGRA cutoff, the potential impact of COVID-19 vaccination 

ay not be neglectable, and further testing may help distinguish 

he results. Because the COVID-19 vaccine rollout varies world- 

ide, concerns have been raised regarding postvaccine impacts on 

GRAs. We believe this study addresses an important gap in pa- 

ient management knowledge that can aid in implementing public 

ealth initiatives related to latent TB infection worldwide during 

he COVID-19 pandemic. 
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