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Abstract
Background  Data on the effectiveness of SARS-CoV-2 vaccines and the durability of protection against the prevalent Omi-
cron variant are scarce, especially in patients with autoimmune rheumatic diseases (AIRDs). Hence, we prospectively studied 
Omicron breakthrough infections in patients with AIRDs and attempted to isolate associated risk factors.
Methods  Patients with AIRDs who had completed primary vaccination with either AZD1222 or BBV152 vaccines were 
included and prospectively followed up from January 2022 onwards for the development of breakthrough Omicron infections. 
The time interval from the last event [2nd dose of vaccination (V) or past COVID-19 infection (I) whichever was later] to 
Omicron infection was recorded. Patients were divided based on the events and their order of occurrence into V + V, V + I, 
I + V, V + I + V, and V + V + I groups. The incidence of breakthrough infections and their predictors were studied with a focus 
on the vaccine type and hybrid (H) immunity (vaccinated individuals with a history of COVID-19 infection).
Results  We included 907 patients with AIRDs (53.5 ± 11.7 years and a male-to-female ratio of 1:5.1), and the majority of 
patients had received AZD1222 (755, 83.2%). Breakthrough infections were observed in 158 of 907(17.4%) of which 97 
(10.4%) were confirmed by RT-PCR.
Breakthrough infections were significantly greater in the V versus the H group (15.7% and 3.5%, log-rank test, p =  < 0.01). 
Among the hybrid group, the order of infection and vaccination had no bearing on the risk of breakthrough infections. On 
multivariate analysis, breakthrough infections were significantly lesser in the H versus the V group [HR: 0.2(0.1–0.4); 
p = 0.01].
Conclusion  The risk of breakthrough Omicron infections in fully vaccinated patients with AIRDs was 17.4% with a signifi-
cantly lower risk in patients with hybrid immunity.
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Introduction

Omicron (B.1.1.529) variant was labeled as a variant of con-
cern by the World Health Organization in November 2021 
and it spread like wildfire throughout 2022. It has multi-
ple mutations in the receptor-binding domain (RBD) of the 

spike protein with much higher infectivity than the previous 
strains [1]. Infections with Omicron were observed across 
India from January 2022 onwards [2]. Previous studies had 
shown a modest decline in vaccine effectiveness against 
the delta variant from the original alpha strain in terms of 
breakthrough infections [3–6]. Patients with autoimmune 
rheumatic diseases are at increased risk for severe COVID-
19 due to their medications and prevalent comorbidities [7].

More than 60 mutations were identified in the Omicron 
variant with several of them in the spike protein involved 
in transmissibility, severity, and immune escape [8]. This 
raised doubts regarding the effectiveness of SARS-CoV-2 
vaccine-induced and past COVID infection-induced immu-
nity against Omicron. In vitro neutralization studies dem-
onstrated a reduced response to Omicron in previously 
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vaccinated individuals [9, 10]. A study from the United 
Kingdom compared symptomatic Omicron infections com-
pared to Delta infections and found limited protection by 
primary immunization with AZD1222 (ChAdOx1 nCoV-
19, ‘Covishield’) or BNT162b2 which improved following 
a booster mRNA vaccine [11]. A study from Qatar found 
limited protection by mRNA boosters against symptomatic 
infection, but strong protection against hospitalization and 
death was observed [12]. Similar results were observed from 
a study in the USA [13].

A previous prospective cohort study in patients with 
AIRDs from our center, conducted at the time of the sec-
ond wave dominated by the delta variant in India, showed 
that hybrid immunity provides better protection against 
breakthrough infection [14]. Breakthrough infections 
were observed in 7.4% of the cohort and were associated 
with poor humoral response to vaccines. Data regarding 
the effectiveness of primary immunization, boosters, and 
hybrid immunity against the Omicron variant in patients 
with AIRDs are scarce with in vitro studies suggesting poor 
vaccine-induced immune response against the Omicron vari-
ant [15, 16]. The duration of protection offered by vaccina-
tion or past infection in this subgroup of patients is also 
questionable.

Hence, we aimed to study the incidence of breakthrough 
infections with the Omicron variant in patients with AIRDs 
overall as well as across various subgroups of vaccination 
and hybrid immunity. We also studied the influence of other 
factors such as the type of rheumatic disease and treatment 
of breakthrough infections.

Methodology

Aim: Our objectives were to assess the incidence of break-
through COVID-19 infection (Omicron variant) in a vacci-
nated cohort of patients with AIRDs and compare it across 
those who had received primary immunization without 
previous SARS-CoV-2 infection (V), and those with hybrid 
immunity (H). Additionally, we also aimed to assess other 
factors associated with breakthrough infections like the type 
of vaccine, underlying AIRD, drugs used, etc.

Inclusion criteria: Patients with AIRD who had com-
pleted both the dose of SARS-CoV2 vaccines (AZD1222/
ChAdOx1 and BBV152/ Bharat Biotech’s Covaxin’) or sin-
gle vaccine dose with SARS-CoV-2 infection who had been 
included from March 2021 onwards were actively followed 
up till March 2022 at the Centre for Arthritis and Rheuma-
tism Excellence (CARE) in Southern India.

Ethics approval: The study was approved by the Ethics 
Committee of Sree Sudheendra Medical Mission and written 
informed consent from all the participants was taken.

Type of study: a prospective cohort study.
All patients enrolled in the cohort were followed on each 

follow-up visit for clinical details, exposure to COVID-19, 
symptoms suggestive of COVID-19, or any documented 
COVID-19. If any participant missed a visit, they were con-
tacted over the telephone and these details were updated and 
they were provided another appointment date.

Clinical details: Demographic details, type of AIRD, 
immunosuppressive drugs, comorbidities, details of vac-
cination, breakthrough infection, and type of contact were 
recorded. The time interval from the last event [2nd dose 
of vaccination (V) or past COVID-19 infection (I) which-
ever was later] to Omicron infection was recorded. Patients 
were divided based on the events and their order of occur-
rence into V + V, V + I, I + V, V + I + V, and V + V + I groups 
(eg. V + I means, one dose of vaccine and one episode of 
COVID-19).

Definitions: Breakthrough infections: Vaccine break-
through cases are defined as instances in which an individual 
tested positive for COVID-19 after at least 2 weeks of being 
fully vaccinated with the primary series (both doses in the 
case of AZD1222 and BBV152) [17, 18].

Confirmed COVID-19: COVID-19 infection was defined 
as a positive reverse transcriptase-polymerase chain reaction 
(RT-PCR). Positivity before January 1st, 2022 was assumed 
to be due to the Delta variant and those after due to the 
Omicron variant.

Probable COVID-19: A probable case was defined as 
those with symptoms of COVID-19 with a negative or una-
vailable RTPCR or positive family history of COVID-19.

A COVID-19 contact was defined as per WHO (World 
Health Organization) recommendations [19].

Hybrid Immunity was defined as those with past COVID-
19 infection with one or two doses of vaccination.

Statistical analysis: Data are expressed as mean and 
standard deviation. Baseline characteristics were compared 
across the three groups (V, H groups). A p-value of < 0.05 
was deemed as statistically significant, and all reported 
values were two sided. SPSS v.24 was used for statistical 
analysis.

Univariate analysis comparing V and H groups was done 
using unpaired t-test for continuous and Chi-square or Fish-
er’s exact test for categorical variables.

For the survival analysis, Kaplan–Meir survival curves 
were used to illustrate the proportions of survival across the 
two groups (V, H) and comparisons were done using the log-
rank test. Confirmed COVID-19 and probable COVID-19 
were taken as events in two separate analyses.

To determine predictors for breakthrough Omicron infec-
tion, a log-rank test was used for univariate analysis using 
Kaplan–Meir survival analysis. Drugs that were used in less 
than 20 individuals were not analyzed. All clinically rel-
evant parameters were included in the multivariate analysis. 
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Multivariate analysis was carried out using cox regression 
with breakthrough infection as the dependent variable, dura-
tion of follow-up till the event as the time factor, and using 
forward likelihood ratio test.

Results

We studied 907 patients of AIRDs with an average 
age of 53.5 ± 11.7  years and a male-to-female ratio of 
1:5.1.  Table  1  contains details of the cohort including 

the background rheumatic disease, vaccine received, and 
immunosuppressants used. The majority of patients had 
received AZD1222 (755, 83.2%) while the remaining 
received the BBV152 vaccine. The most common AIRD 
was RA (661, 72.8%) and methotrexate (465, 51.3%) was 
the most commonly used disease-modifying anti-rheumatic 
drug (DMARD). When V (n = 535) and H (n = 373) were 
compared, those in the H group were significantly younger, 
had a higher proportion of spondyloarthritis patients and 
AZD1222 use, and had lower proportions on methotrexate, 

Table 1   Baseline characteristics

V Vaccine, I COVID-19 infection, TNF Tumor Necrosis Factor, RA Rheumatoid Arthritis, SLE Systemic Lupus Erythematosus, CTD Connective 
Tissue Disease, AZD1222 ChAdOx1 nCoV-19 or AztraZeneca, BNT162b2 Pfizer BioNTech, BBV152 Bharat Biotech

N = 907 Vaccine (V) only, n = 535 Hybrid (H) Immunity, 
n = 372

P value, across V and H groups

Age 53.5 ± 11.7 55.5 ± 11.6 50.5 ± 11.3 0.0001
Female: Male 5.1:1 5.5:1 4.7:1 0.4
Diagnosis
RA 661 (72.8) 400 (74.8) 261 (70.2) 0.2
Spondyloarthritis 103 (11.3) 50 (9.3) 53 (14.2) 0.02, 0.6 (0.4–0.9)
SLE 35 (3.8) 16 (2.9) 19 (5.1) 0.1
Vasculitis 38 (4.1) 25 (4.6) 13 (3.5) 0.3
Other CTDs 70(7.6) 44 (8.2) 26 (6.9) 0.2
Vaccine Group
V + V 535 (58.9) 535 (100)
I + V 17 (18.7) 17 (4.6)
V + I 25 (2.7) 25 (6.7)
I + V + V 121 (13.3) 121 (32.5)
V + I + V 97 (10.7) 97 (26.1)
V + V + I 112 (12.3) 112 (30.1)
Past COVID-19 372 (41)
Time since last event to COVID 

infection in days
Confirmed 191.4 ± 97.2 205 ± 109.5 171.9 ± 71.6 0.0001
Confirmed + Probable 186.8 ± 95.8 200.2 ± 104.9 167.4 ± 77 0.0001
Primary Immunization 0.0001, 1.9 (1.3–2.9)
AZD1222 755 (83.2) 426 (79.6) 329 (88.4)
BBV152 152 (16.8) 109 (20.4) 43 (11.6)
Drugs
Methotrexate 465 (51.3) 310 (57.9) 155 (41.7) 0.0001, 1.9 (1.5–2.5)
Sulfasalazine 164 (18.1) 124 (23.2) 40 (10.8) 0.0001, 2.5 (1.7–3.7)
Hydroxychloroquine 454 (50) 338 (63.2) 116 (31.2) 0.0001, 3.7 (2.9–5.1)
Leflunomide 46 (5) 38 (7.1) 8 (2.2) 0.01, 3.5 (1.6–7.5)
Tofacitinib 56 (6.2) 41 (7.7) 15 (4) 0.03, 1.9 (1.1–3.6)
Rituximab 38 (4.2) 29 (5.4) 9 (2.4) 0.03, 2.3 (1.1–4.9)
Tacrolimus 10 (1.1) 7 (1.3) 3 (0.8) 0.4
Mycophenolate Mofetil 49 (5.4) 33 (6.2) 16 (4.3) 0.2
Azathioprine 6 (0.6) 3 (0.6) 3 (0.8) 0.6
TNF inhibitors 9 (0.9) 4 (0.6) 6 (1.6) 0.1
Glucocorticoids 105 (11.6) 71 (13.3) 34 (9.1) 0.06
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sulfasalazine, hydroxychloroquine, leflunomide, tofacitinib, 
and rituximab.

Breakthrough infections: Frequency and severity

Confirmed COVID-19: Breakthrough Omicron infections 
were seen in 97 of 907, 10.4% of the cohort — 84 of 535, 
15.7% in the V group, 13 of 372, 3.5% in the H group (log-
rank test, p =  < 0.01) (Fig. 1).

Confirmed and probable COVID-19: Breakthrough Omi-
cron infections were seen in 158 of 907, 17.4% — 136 of 
535, 24.4% in the V group and 22 of 372, 5.9% in the H 
group (log-rank test, p =  < 0.01) (Fig. 1).

The majority of breakthrough infections were asympto-
matic (80 of 158, 50.6%) and mild (73 of 158, 46.2%). Only 
5 (3.1%) had moderate COVID-19 and none had a severe 
infection.

Predictors of breakthrough infections 
for confirmed COVID‑19

Univariate

Using the log-rank test, V versus H group (15.7% and 3.5%, 
p =  < 0.01) was significantly associated with breakthrough 
infections (Table 2).

Age (52.2 ± 11.6 vs 53.7 ± 11.7, p = 0.2) and time 
since the last event in days (191.6 ± 107.2 vs 191.4 ± 96, 
p = 0.9) were not significantly associated with breakthrough 
infections.

Among the hybrid group, subgroups based on the order 
of infection and vaccination had no significant effect on the 
risk of breakthrough infections[I + V, 0 of 17; I + V + V, 
4 of 121(3.3%); V + I, 0 of 25; V + I + V, 6 of 97(6.2%); 
V + V + I, and 3 of 106(2.8%). P = 0.4] (Fig. 2).

Multivariate

On cox regression analysis using clinically relevant 
variables(age, type of AIRD, type of vaccine, V or H group, 
time since last event, drugs used), only age [(p = 0.01, 0.98 
(0.96–0.99)] and the subgroup of V and H were significantly 
associated with the risk of breakthrough Omicron infections 
(p = 0.001, 0.2 (0.1–0.4).

Discussion

We studied 907 patients with AIRDs and breakthrough 
Omicron infections were observed in 158 of 907 (17.4%) 
of which 97 (10.4%) were confirmed by RT PCR. Break-
through infections were significantly greater in the V versus 
the H group age and time since the last event in days was not 
significantly associated with breakthrough infections on uni-
variate analysis. Among the hybrid group, order of infection 
and vaccination had no bearing on the risk of breakthrough 
infections. On multivariate analysis, breakthrough infections 
were significantly lesser in the H versus the V group.

We had previously shown that AIRD patients with hybrid 
immunity have higher antibody titers with greater SARS-
CoV-2 neutralizing capacity in vitro [14]. We had also 
shown that post-vaccination antibody titers were a correlate 
of protection for breakthrough infection [20]. The current 
study provides one more layer of confirmation with real-
world data that hybrid immunity leads to lower breakthrough 
infections. This was protective even during the Omicron 
wave that had shown higher breakthrough infections in fully 
vaccinated persons [21, 22].

Our recent study had shown that the neutralization poten-
tial of serum against Omicron in vitro was reduced in those 
having hybrid immunity after receiving the second dose of 
the vaccine [16]. However, this did not translate to reduce 

Fig. 1   Survival analysis with  
A confirmed COVID-19 B con-
firmed and probable COVID-19 
as events assessed from 1st 
January 2022 till 15th March 
2022 across Vaccine (V) and 
Hybrid (H) groups
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protection against the Omicron variant in vivo in a very large 
cohort followed up through the Omicron wave in India.

A nationwide cohort study from the Netherlands reported 
the frequency of breakthrough Omicron infections confirmed 
by RT-PCR to be 29.6% in 1593 patients with immune-medi-
ated inflammatory diseases (IMIDs) compared to 31.3% in 
controls. We found a lower rate of confirmed breakthrough 
infections of 10.4%. This could be because of a higher 
proportion of patients with hybrid immunity (41% versus 
21.6%) in our cohort as well as a lesser use of biologic drugs 
like rituximab (4.2% versus 12%) [23, 24]. Another Dutch 
study also reported a similar rate of breakthrough Omicron 
infections of 23% [25]. The risk of breakthrough Omicron 
infection was higher than delta breakthrough infections as 
previously reported by us and others [20, 26]. This could 
be multifactorial, due to the long interval between primary 

immunization and Omicron infection, higher infectivity of 
Omicron strain, and less stringent masking towards the latter 
part of the pandemic.

On univariate and multivariate analyses, we found that 
the single most important factor responsible for enhanced 
protection against breakthrough infections was a history of 
past COVID-19. This is similar to other studies from the 
Netherlands for the Omicron variant as well as older stud-
ies from our group on delta breakthrough infections [14, 
23, 27, 28]. Additional vaccine doses were also found to be 
protective in both the Dutch cohorts [23, 25]. We could not 
assess the effects of boosters as booster vaccination began 
in January 2022 as per the national guidelines [29]. Similar 
findings were observed from the United Kingdom and Israel 
with > 80% protection against the Omicron variant observed 

Table 2   Univariate analysis 
(log-rank test) for factors 
associated with breakthrough 
infections (confirmed COVID-
19 as the event)

Parameter Patients Events (Confirmed 
COVID-19)

Log rank

Gender Male, 148 14 0.6
Female, 759 83

Rheumatoid arthritis Yes, 661 63 0.05
No, 246 34

Spondyloarthritis Yes, 103 13 0.4
No, 804 84

Systemic lupus erythematosus Yes, 35 4 0.8
No, 872 93

Other connective tissue diseases Yes, 67 11 0.1
No, 840 86

Vasculitis Yes, 38 6
No, 869 91

Type of vaccine AZD1222, 755 78 0.4
BBV152, 152 19

Subgroup V, 535 84 0.0001
H, 372 13

Methotrexate Yes, 465 49 0.8
No, 442 48

Sulfasalazine Yes, 164 20 0.4
No, 743 77

Hydroxychloroquine Yes, 454 51 0.6
No, 453 46

Leflunomide Yes, 46 7 0.7
No, 861 90

Tofacitinib Yes, 56 7 0.7
No, 851 90

Rituximab Yes, 38 5 0.6
No, 869 92

Mycophenolate Mofetil Yes, 49 4 0.5
No, 858 93

Glucocorticoids Yes, 105 11 0.9
No, 802 86
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with mRNA booster doses, especially in the initial three 
months [30–32].

Previously, the waning of protection with time since the 
last event was reported in a study from Israel with the risk 
of breakthrough delta infection significantly increased if 
the last event was more than a year ago compared to 4 to 
6 months [27]. We did not find an association with the last 
event most likely as the majority were of 4–6 months after 
the last event. An assessment of booster vaccination and 
breakthrough infections over an extended time would be able 
to confirm this observation for the Omicron variant which is 
still the predominant variant of SARS-CoV-2[1].

The majority of our patients had an asymptomatic or mild 
Omicron infection. A study from Israel reported a signifi-
cantly lower risk of hospitalization and mortality of Omicron 
breakthrough infections compared to delta infections [33]. 
Similar trends were observed in the USA [34].

Strengths of the study include prospective data collection, 
the inclusion of patients with symptoms, and family history of 
COVID-19 as probable COVID-19 as well as factoring the time 
interval between infection or vaccination and the Omicron infec-
tion. The significance of this study is that it provides a valuable 
explanation that the majority of Indian patients with AIRDs did 
not suffer greatly during the Omicron wave since they already 
possessed hybrid immunity.

Limitations include the lack of data on the severity 
of infection as well as an assumption of the variant as 
Omicron after January 1st, 2022. Additional factors such 
as neutralizing activity against Omicron and T cell assays 
were not carried out. A larger sample size for the BBV152 

vaccine group is needed to assess the difference in the 
effectiveness of the two vaccine types used.

In conclusion, the risk of breakthrough Omicron infections 
in fully vaccinated patients with RDs is still 17.4%. Those in 
the group having hybrid immunity had better protection during 
the Omicron wave.
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