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ABSTRACT 

Objective: To measure incidence, disease severity and outcome of COVID-19 Vaccine Breakthrough Infections among Health 
Care Workers (HCWs) and Support Staff completely vaccinated with Sinopharm Vaccine. 
Study Design: Prospective cohort study. 
Place and Duration of Study: All Military Health facilities of Pakistan reporting COVID-19 cases post vaccination, from Jul to 
Sep 2021. 
Methodology: Established Surveillance Mechanism for getting post vaccination COVID-19 cases from various health care 
settings of Pakistan Army enabled the collection of data on prescribed data forms. Among HCWs and support staff vaccinated 
with both doses or single dose regimen of COVID-19 vaccine; those who developed COVID-19 infection ≥14 days post 2nd 
dose were included in the study. Total 327 participants from 1st Jul till 30th September 2021 fulfilled the criteria and data 
pertaining to them was further analyzed. 
Results: Mean age of the participants was 32.38 ± 9.18 years. Males were 73.4% and 26.6% were females. Median duration 
from 2nd dose to development of vaccine breakthrough infection was 133 days (Inter Quartile Range: 55 days). Asymptomatic 
/mild infections were reported among 97.9% and only 1.5% had moderate disease. However, 0.6% reported severe/critical 
disease and required ventilator support. Most 79.2% breakthrough infections ocuured almost more than 3 months completion 
of vaccination and only 20.8% developed it before three months. Among all, 99.4% recovered completely while 0.4% couldn’t 
survive the complications associated with COVID-19. There was no significant statistical association of job category with 
disease severity (p>0.05) 
Conclusion: Vaccines still remain a powerful tool in war against COVID-19. No vaccine has yet to be found 100% effective 
against all variants of concern (VoCs) however less severe disease and mortality was observed after vaccination. Waning 
immunity after three months needs administration of booster dose of vaccine to HCWs and support staff working in a highly 
exposed environment of health facilities. 
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INTRODUCTION 

Despite intense scientific and political efforts, 
COVID-19 Pandemic continues to effect the lives of 
millions of people across the globe.1 The emergency 
authorization of first COVID vaccine in December 2020 
followed by reports of sustained and marked decrease 
in COVID incidence observed in some countries was    
a ray of hope for return to normalcy.2,3. However, the 
rising breakthrough infections observed among coun-
tries with high vaccination coverage indicate that the 
journey is far from over.4,5. There exists a need to cha-
racterize the breakthrough infections to improve our 
understanding of the impact of vaccines in real life 
settings particularly among health care workers.6,7. 
Whereas m RNA vaccines being used in high income 
countries have been studied considerably, data on 

experience with use of other types of vaccines inclu-
ding inactivated, viral vector and protein subunit vac-
cines remains deficient.8 These vaccines are being used 
in over 60 countries of the world.9,10 Pakistan’s COVID-
19 vaccination drive also relies largely on non-m RNA 
vaccines but very limited data has been published on 
the actual experience with these vaccines.9  

In Jun 2021, we reported pre-specified interim 
analysis of breakthrough infections among the largest 
cohort of health care workers of Pakistan Armed 
Forces.11 However, the results were limited due to the 
short duration of follow up. Therefore, the study was 
continued and on 31 Oct, the data was locked to allow 
second analysis; results of which are being shared in 
this article. The strengths of the study are a large sam-
ple size, geographical diversity of participants, high 
vaccination coverage, mandatory routine reporting of 
COVID cases and vaccinations in the entire study pop-
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ulation, and close follow up of cases on key outcomes 
like hospitalization, ventilation and death. 

Operational Definitions 

Support Staff: All the staff who is not directly 
involved in patient care but have a great role in main-
tain the hospital activities to go smoothly like ayas, 
sanitary workers, ambulance drivers, ward boys, stret-
cher bearers, administrative clerks, etc. 

Asymptomatic/Mild Disease: No symptoms or flu 
like symptoms including temperature, loss of smell or 
taste, mild or no cough. The patients do not complain 
of any kind of breathing difficulty on normal house-
hold activity. Most asymptomatic cases have mild 
disease. 

Moderate Disease: Lower respiratory illness on 
imaging or clinical assessment with SpO2 ≥ 94% on 
room air at sea level. 

Severe: Patients with SpO2 <94% on room air       
at sea level, a respiratory rate >30 breaths/min, PaO2/ 
FiO2 <300 mmHg or lung infiltrates >50%. 

Critical Disease: Patients have acute respiratory 
distress syndrome, septic shock, cardiac dysfunction, 
exaggerated inflammatory response which may lead to 
multi-organ failure. 

Recovery: Any person who becomes COVID-19 
PCR negative and is either clinically free of all symp-
toms or joins back at work after a period of 10 days 
sick leave.  

METHODOLOGY 

It was a prospective cohort study conducted 
among health care workers and support staff working 
at various military health care settings in Pakistan. 
This study was approved by the Ethical Committee     
of Armed Forces Postgraduate Institute Rawalpindi, in 
accordance with National Research Committee and 
Helsinki Declaration. All the health care workers and 
support staff who were vaccinated against COVID-19 
vaccine with two doses or single dose regimen of Sino-
pharm/Sinovac were followed. Surveillance system 
was already in place and mechanisms were developed 
for getting the data on prescribed data forms. The data 
was received from health settings on weekly basis inc-
luding information on age, gender, job category, and 
date of first and second dose of vaccine, date of getting 
COVID-19 positive, disease severity and outcome of 
disease. Outcome was measured in terms of complete 
recovery from disease or mortality. 

Inclusion Criteria: All HCWs and support staff 
working in a Military Health Care setting, vaccinated 

with both doses of COVID-19 vaccince and COVID-19   
PCR positive upto two weeks after second dose of 
vaccination. 

Exclusion Criteria: HCWs COVID-19 PCR positive 
who didn’t receive any kind of vaccincation or got 
COVID-19 PCR positive after first dose or less than 
two weeks after second dose of vacination. 

 COVID-19 vaccination was started among health 
care workers on priority in Feb 2021. The results of 
data regarding health care workers who developed 
breakthrough infections till 30th June 2021 was publis-
hed in August 2021.11 However the data was gathered 
constantly till 30th Sep 2021 and further 327 health care 
workers and support staff developed breakthrough 
infections. Their data was analyzed and results were 
made part of this study. The whole process is descri-
bed in Figure-1. 

 
 

Figure-1: The diagrammatic illustration regarding participants’ 
inclusion in the study. 
 

RESULTS 

To date HCWs/Support staff have been com-
pletely vaccinated against COVID-19. Among full vac-
cinated HCWs/support staff 634 developed COVID-        
19 infection post vaccination. As per the definition of 
breakthrough infections 183 didn’t fulfill the criteria 
and were excluded from the study. Data on 124 HCWs 
/Support staff has already being published as they 
developed breakthrough infection till end of June. Data 
on remaining 327 HCWs is being analyzed Figure-2. 

 
Figure-2: Data on Post Vaccination Cases among HCWs /Support 
staff. 
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Mean age of the cases was 32.38 ± 9.18 years 
(range: 18-58 years). Among all the cases doctors were 
108 (33%), nursing staff 37 (11.3%), paramedics 62 
(19%) and support staff 120 (36.7%). When the partici-
pants were inquired about history of exposure and 
getting tested, 9 (2.7%) said they had close contact 
(without PPEs) with COVID-19 cases in hospital while 
majority 318 (97.3%) were tested because they had 
COVID-19 like symptoms despite they were following 
personal protection measures at work place. 

Median duration from receiving 2nd dose of 
vaccine and getting COVID-19 positive was 133 days 
with Inter Quartile Range (IQR) of 55 days (Q1: 98, Q2: 
133, Q3: 153). 

Severity of disease is the determinant of outcome 
and it was seen that among all the participants                 
320 (97.9%) had asymptomatic/mild infection, 5 (1.5%) 
had moderate infection while 2 (0.6%) developed 
severe/critical disease. As far as outcome was concer-
ned, which is the corner stone of any intervention, 325 
(99.4%) recovered completely from disease while 2 
(0.6%) couldn’t survive as a result of the complications 
of disease. The Overall incidence of Breakthrough 
COVID-19 disease among health care workers and 
support staff was 7 cases per 1000. The results are 
shown in Table-I. 
 

Table-I: Breakthrough Infection characteristics among the 
participants. 

Variable n (%) 

Mean age of the participants 
32.38 ± 9.18  

years 

Gender 
Distribution 

Males 240 (73.4%) 

Females 87 (26.6%) 

Duration 
post 2nd dose 
of vaccine 
and getting 
breakthrough 
infection 

Median Duration 
133 days 

(IQR 55 days) 

Cases who developed 
breakthrough infection 

in ≤90 days 
68 (20.8%) 

Cases who developed 
breakthrough infection 

in ≥90 days 
259 (79.2%) 

Severity of 
disease 

Asymptomatic/Mild 320 (97.9%) 

Moderate 5 (1.5%) 

Severe 2 (0.6%) 

Disease 
Outcome 

Recovered 325 (99.4%) 

Expired 2 (0.6% 

 

When chi-square test of statistical significance 
was applied to find out association between the job 
category and severity of disease it was found to be 
insignificant (p<0.05). 
 

Table-II: Association between job category and disease 
severity among breakthrough infection cases. 

Job Category 
Disease Severity Chi 

square/ 
p-value 

Mild Moderate 
Severe/ 
Critical 

Nursing Staff 37 0 0 

χ2=9.485 
p=0.148 

Doctors 102 4 2 

Paramedics 62 0 0 

Support Staff 119 1 0 
 

DISCUSSION 

In a study conducted among HCWs in a tertiary 
care hospital of Italy.12 A cohort of 3720 HCWs who 
were administered Pfizer vaccine, followed and found 
that 33 of them developed breakthrough infections 
making an overall incidence of 8.9 cases per 1000 while   
in our study it was highly comparable approximately 
9.6 cases/1000. This incidence is also very close to the 
findings (7.3 cases/1000) shared by a Dutch study,13 
conducted at two tertiary health care facilities by follo-
wing a cohort of 22,169 HCWs. However much cont-
rary results were shared by an Indian study14 reporting 
vaccine breakthrough cases up to 186.5/1000. The diff-
erence is of the locally manufactured Astra Zeneca by 
the Serum Institute of India.  

A major advantage on our part was of the 
Chinese vaccines with a highly maintainable cold 
chain as compared to other vaccines that require stor-
age at extremely low temperatures.15 In a study repor-
ted in Israel, among cases of breakthrough infections, 
46% were nursing staff, 26% support staff, 15% para-
medics and 13% doctors while in ours study the high-
est proportion was of support staff being 37%, doctors 
33% followed by paramedics 19% and nursing staff 
11%. These proportions could vary depending upon 
the strength of HCWs and support staff on strength     
of the health facility and extent of involvement in 
COVID-19 cases management.16 It has been documen-
ted in literature that full vaccination status reduces 
asymptomatic SARS-CoV-2 infection in health care 
workers.17 Similar conclusions were made from our 
study where 97.9% of the infections were asympto-
matic or mild and didn’t require hospitalization with 
0.6% mortality. Whereas in Netherland13 all 100% rein-
fections were asymptomatic with 100% recovery/no 
mortality. This difference in outcome largely goes to 
the vaccine type being administered 

In a study conducted at Kerala, South India the 
mean age of the HCWs with breakthrough infections 
was 31.9 ± 9.7 years very close to our findings 32.38 ± 
9.18 years. and proportion of males being 73% while 
their proportion of females was 64%.18 
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The median duration of getting Breakthrough 
infections occurred after 69 days18 and 37 days19 indica-
ting very poor response to the administered vaccines 
was observed in two separate studies. This may be due 
to any reason ranging from vaccine type to, maintai-
ning cold chain and faulty administration technique. In 
our study this duration was 133 days which is almost 
>3 months, indicating waning effect of immunity req-
uiring booster dose as discussed in literature.20 

CONCLUSION 

Vaccines still remain a powerful tool in war against 
COVID-19. No vaccine has been found to be 100% effective 
yet against all variants of concern (VoCs) however less severe 
disease and mortality was observed after vaccination. Wan-
ing immunity after three months needs administration of 
booster dose of vaccine to HCWs and support staff working 
in a highly exposed environment of health facilities. 

Strengths   

• The biggest data of its kind on breakthrough infections 
among HCWs and support staff collected through well-
established surveillance system 

• Representative of the ethnic heterogeneity  

• The existing infrastructure, functioning processes and 
swift implementation in the Armed Forces, allowed for 
effective data gathering and policy implementation 

• Surveillance data usually exists as summary statistics 
however, one strength of our study is the availability of 
detailed individual patient data from multiple sites.  

• No attrition of data set at any stage  

• No vaccine refusals at any stage of vaccination campaign. 

LIMITATIONS OF STUDY 

A national data base should be established to gather 
data from all health care settings to establish guidelines/rec-
ommendations for onward dissemination at national level. 

RECOMMENDATIONS 

Vaccine roll out should be more robust and inclusive to 
achieve 100% coverage of target population at national level. 
Booster dose should be admin-istered to HCWs and support 
staff as a priority group to safeguard this important national 
workforce. 
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