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Abstract
Objectives To assess the severity of symptoms, duration of infection and viral loads of health-care workers (HCWs) who 
tested positive for Coronavirus disease 2019 (COVID-19) during Omicron’s prevalence, in regard to vaccination and previ-
ous infection.
Methods During 2 weeks of highest rate of COVID-19 cases in Bosnia and Herzegovina, the positive nasopharyngeal swabs 
were analysed in 141 HCWs by reverse transcription quantitative PCR, targeting four different genes: RdRp, E, N and nsp14. 
Uniformed questionnaire was used to collect relevant sociodemographic and epidemiological data from HCWs divided into 
four groups: unvaccinated/not previously infected (group 1); unvaccinated/previously infected (group 2); vaccinated/not 
previously infected (group 3); and vaccinated/previously infected (group 4).
Results We observed that occurrence of fever and smell or taste loss were more frequent in group 1 (86.4% and 25%) and 
group 3 (76.9% and 19.2%), in comparison to group 2 (64.4% and 6.7%) and group 4 (69.2% and 3.8%), (p = 0.023 and 
p = 0.003). Although statistically not significant, group 2 (61.9%), group 3 (65.4%), and group 4 (70.8%) experienced nega-
tivization within 7 days of positive RT-qPCR test, whereas 51.2% of HCWs from group 1 tested negative later on. There is 
no significant difference between all four groups regarding Ct values of analysed genes.
Conclusion During Omicron’s prevalence, the vaccination had less substantial effect on symptomatic disease among HCWs, 
while fever and loss of smell or taste were considerably less likely to occur upon reinfection. Since viral loads and negativiza-
tion periods do not seem to significantly vary, irrespective of pre-existing immunity, systemic vaccination and mask-wearing 
should still be considered among HCWs.

Keywords Omicron (B.1.1.529) · Health-care workers (HCWs) · Pre-existing immunity · Symptoms · Negativization 
period · Viral load · Reinfection

Introduction

Coronavirus disease 2019 (COVID-19), caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
after more than 2 years of the pandemic, still remains a 
threat to global health. As expected, various genetic line-
ages of SARS-CoV-2 have been emerging and circulating 
globally, resulting in numerous case outbreaks [1]. Follow-
ing its discovery in South Africa and preliminary evidence 
suggesting an increased risk of reinfection when compared 
to previous variants, Omicron was categorized as a vari-
ant of concern (VOC) by The World Health Organization 
(WHO) on November 26, 2021 [2–4]. In Bosnia and Herze-
govina, the first case was confirmed on December 29, 2021, 
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followed by an unprecedented increase of cases in January 
of 2022.

Unlike general population, health-care workers (HCWs) 
are known to be at occupational risk of acquiring the disease, 
and subsequently, exposing patients and others [5]. However, 
the nature and scope of this threat remain unclear. In this 
study, we aimed to assess the symptom intensity, infection 
duration and viral load of HCWs who tested positive for 
COVID-19, in regard to vaccination and previous SARS-
CoV-2 infection, thus providing supporting data on the pos-
sible impact of the pandemic on the health-care system.

Patients and methods

Study population

A total of 141 health-care workers (HCWs) at the University 
Clinical Hospital (UCH) Mostar were enrolled in the study 
between January 12, 2022 and January 26, 2022. Of these, 
52/141 study participants (36.9%) had been fully vaccinated 
(with 2 doses) with any COVID-19 vaccine approved for 
use in Bosnia and Herzegovina, whereas 71/141 (50.4%) 
have reported a previous SARS-CoV-2 infection. Based on 
these two parameters, the study participants were divided 
into four groups: unvaccinated/not previously infected 
(group 1); unvaccinated/previously infected (group 2); vac-
cinated/not previously infected (group 3); and vaccinated/
previously infected (group 4). The enrolment criteria was a 
SARS-CoV-2 infection confirmed by reverse transcription 
quantitative PCR (RT-qPCR) from nasopharyngeal swabs.

RT‑qPCR

Nasopharyngeal swabs were collected and routinely analysed 
at the Microbiology department of UCH Mostar using RT-
qPCR. The criteria for positive tests was Ct (cycle thresh-
old) value ≤ 38 for both the RdRp (RNA-dependent RNA 
polymerase) and N (nucleocapsid protein) genes in every 
given sample. The same swabs were additionally processed 
at the laboratories of Veterinary Institute of Herzegovina-
Neretva Canton, where four genes were analysed, including: 
RdRp, E (envelope protein), N and nsp14 (non-structural 
protein 14) gene. RNA was extracted from the samples using 
Viral RNA extraction kit (Blirt, S.A.) and then subsequently 
reverse transcribed into complementary DNA (cDNA) 
using a one-step RT-qPCR assay (qScript XLT One-Step 
RT-qPCR ToughMix, Quanta Bio), according to the manu-
facturers’ protocols. Primers and probes targeting the four 
previously mentioned genes were synthesized and provided 
by Eurofins genomics (Vienna, Austria). The probes con-
tain FAM (6-carboxyfluorescein) and BBQ (Blackberry 

Quencher) or TAM. The reaction was performed using mag-
netic induction cycler (MIC PCR, Bio Molecular Systems) 
and the results were interpreted using its belonging software, 
Version 2.10.0.

Ethical statement

All procedures followed were in accordance with the ethical 
standards laid down in the 1964 Declaration of Helsinki and 
its later amendments. Ethical approval was acquired from the 
Ethical Committee at UCH Mostar.

Data collection and statistical analysis

Relevant sociodemographic and epidemiological data were 
extracted from questionnaires which were filled in by study 
participants. The questions included: age, gender, profes-
sion, vaccination status, type of vaccine, number of admin-
istered doses, date of the last vaccination, previous SARS-
CoV-2 infection and the date of its occurrence, antibody 
titers, symptom duration, fever and its duration, clinical 
manifestations (coughing, sneezing, nasal congestion, loss 
of smell or taste, sore throat, headache, diarrhoea, vomit-
ing, myalgia and pneumonia), and the dates of positive and 
negative RT-qPCR tests. The data were processed by IBM 
SPSS Statistics for Windows, Version 26.0 (IBM Corp, 
Armonk, NY). The results regarding categorical variables 
are presented as absolute numbers (n) and percentages (%). 
The relationship between variables was determined with the 
Chi-square test (χ2 test), and all tests were two-tailed, where 
values of p < 0.05 were considered statistically significant. 
Quantitative variables i.e. Ct  values were presented using 
boxplot chart.

Results

Population characteristics

During the 2 weeks of highest rate of confirmed COVID-
19 cases in Bosnia and Herzegovina since the beginning 
of the pandemic (January 19, 2022 being the highest peak 
with 3342 confirmed cases, as reported by WHO), we ana-
lysed 141 HCWs from UCH Mostar. Of the total number of 
study participants, 26 were fully vaccinated and previously 
infected (group 4). Furthermore, 26 study participants were 
fully vaccinated and not previously infected (group 3), while 
45 were unvaccinated and had recovered from SARS-CoV-2 
(group 2). The remaining study participants (46) were nei-
ther vaccinated nor previously infected (group 1). Initially, 
there was a small number of participants who reported 
receiving a booster dose (n = 10), but no significant influ-
ence on our results could be deduced due to the very limited 
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number of such cases. Therefore, we only included HCWs 
who received 2 doses of any approved vaccine as those “vac-
cinated” in the study. Additionally, when establishing “previ-
ously infected” groups, only RT-qPCR-confirmed cases were 
taken into consideration, since the reported data regarding 
antibody titers were scarce and inconsistent. Some of the 
unvaccinated participants (groups 1 and 2) were non-symp-
tomatic and in contact with an infected person, and there-
fore were subjected to testing. On the other hand, vaccinated 
HCWs underwent RT-qPCR testing after the development 
of symptoms, resulting in no participants from groups 3 and 
4 without symptoms.

Participants’ median age was 39  years (range, 
21–65 years), with the median of 35.5, 39, 39.5 and 44 years 
among groups 1, 2, 3 and 4 respectively. Of total 141 HCWs, 
those 117 (83%) were female, and it is worth noting that out 
of all the HCWs at UCH Mostar, 73.3% are females, making 
our study population representative. There was no statistical 
difference among participants between our four established 
groups regarding age (p = 0.531) and gender distribution 
(p = 0.72).

COVID‑19 specific symptoms

To assess the impact of COVID-19 vaccination as well as 
previous recovery from SARS-CoV-2 infection, we com-
pared the incidence of COVID-19 associated symptoms 
across four groups of study participants. As depicted in 
Table 1, although not statistically significant, there was 
a trend of group 1 experiencing longer symptom dura-
tion, where 26.8% fall into the ≥ 7 days’ category. Fur-
thermore, we observed that fever, as the most prevalent 
symptom reported by the study participants, was signifi-
cantly more frequent in the groups that were not previously 
infected, irrespective of the vaccination, group 1 (86.4%) 
and group 3 (76.9%) (p = 0.023). Similar trend can be 
observed regarding fever duration, with 33.3% of HCWs 
in the group 1 with no pre-existing immunity experiencing 
fever for more than 3 days.

We observed no significant difference between study 
groups regarding COVID-19 associated symptoms: 
coughing, sneezing, sore throat, nasal congestion, head-
ache, myalgia, diarrhoea and vomiting (Table 1). On the 
other hand, there was a significant correlation between 
previous infection and the occurrence of smell or taste 
loss (p = 0.003). Of note is that, although not statistically 

Table 1  Impact of previous 
infection and vaccination on the 
COVID-19 specific symptoms

a n differs from the total number of cases, due to missing data
b Statistically significant difference (p < 0.05), Pearson Chi-Square test

Group 1, n (%) Group 2, n (%) Group 3, n (%) Group 4, n (%)

Number of cases 44 45 26 26
Symptom duration
 1–3 days 22 (53.7) 22 (53.7) 11 (42.3) 16 (61.5)
 4–6 days 8 (19.5) 13 (31.7) 10 (38.5) 7 (26.9)
  ≥ 7 days 11 (26.8) 6 (14.6) 5 (19.2) 3 (11.5)
 Total 41 (100)a 41 (100)a 26 (100) 26 (100)

Fever 38/44 (86.4)b 29/45 (64.4) 20/26 (76.9)b 18/26 (69.2)
Fever duration
 1–3 days 24 (66.7) 24 (82.8) 17 (89.5) 15 (83.3)
 4–6 days 8 (22.2) 3 (10.3) 2 (10.5) 2 (11.1)
  ≥ 7 days 4 (11.1) 2 (6.9) 0 (0) 1 (5.6)
 Total 36 (100)a 29 (100) 19 (100)a 18 (100)

Coughing 21/44 (47.7) 21/45 (46.7) 13/26 (50) 15/26 (57.7)
Sneezing 13/44 (29.5) 19/45 (42.2) 10/26 (38.5) 9/26 (34.6)
Loss of smell/taste 11/44 (25)b 3/45 (6.7) 5/26 (19.2)b 1/26 (3.8)
Sore throat 18/44 (40.9) 22/45 (48.9) 14/26 (53.8) 14/26 (53.8)
Nasal congestion 19/44 (43.2) 27/45 (60) 16/26 (61.5) 16/26 (61.5)
Headache 27/44 (61.4) 26/45 (57.8) 15/26 (57.7) 14/26 (53.8)
Myalgia 28/44 (63.6) 21/45 (46.7) 17/26 (65.4) 15/26 (57.7)
Diarrhea 4/44 (9.1) 4/45 (8.9) 2/26 (7.7) 2/26 (7.7)
Vomiting 5/44 (11.4) 3/45 (6.7) 2/26 (7.7) 1/26 (3.8)
Pneumonia 4/44 (9.1) 2/45 (4.4) 0/26 (0) 1/26 (3.8)
With symptoms 43/44 (97.7) 42/45 (93.3) 26/26 (100) 26/26 (100)
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significant, pneumonia cases are most prevalent among 
group 1 (9.1%), while none of the study participants in 
group 3 developed pneumonia.

Influence of vaccination and previous infection 
on nasopharyngeal swab SARS‑CoV‑2 
negativization

To further evaluate the impact of vaccination, as well as 
previous infection on the SARS-CoV-2 viral clearance, we 
analysed the time required for nasopharyngeal swab nega-
tivization (interval between positive and negative RT-qPCR 
tests). As shown in Fig. 1, negativization period tends to 
be shorter than 8 days for 70.8% of HCWs within group 
4. Following up are group 2 (61.9%) and group 3 (65.4%), 
with a slightly less percent of people with negativization 
under 8 days. The only group with more people experiencing 
negativization after 8 days are those neither vaccinated nor 
previously infected (group 1) with 51.2%, but without any 
significant difference.

Analysis of four SARS‑CoV‑2 genes and their Ct 
values by RT‑qPCR

Laboratories across the world currently utilize several RT-
qPCR assays recommended by the WHO, which typically 
target RdRp, E and N genes. However, it is unknown if 
results from various tests are equivalent. We aimed to get 
a broader understanding of 4 different genes (RdRp, E, N, 
nsp14), and their detection dynamics by comparing Ct value 

means, as indicators of viral load (Fig. 2). All the partici-
pants were tested between third and fifth day of symptom 
onset or five to seven days after the contact with infected 
person. There is no significant difference between our four 
groups regarding Ct values of analysed genes. However, it 
is evident that E gene tends to be detected in earlier cycles 
(mean = 26.5), N (mean = 29.6) and nsp14 (mean = 28.6) 
fairly similarly in between, and RdRp the last (mean = 31). 
This trend is notable across all four groups.

Discussion

In this study, we found that vaccination had less substantial 
influence on symptomatic disease, while fever and loss of 
smell or taste are significantly less likely to occur when a 
person has previously recovered from COVID-19, irrespec-
tive of vaccination. There is also a noticeable trend of par-
ticipants with no pre-existing immunity experiencing longer 
symptom duration overall and are more likely to develop 
pneumonia. Negativization period tends to be the shortest 
among fully vaccinated and previously infected participants, 
followed by groups that were either vaccinated or previously 
infected, suggesting a faster viral clearance in people with 
vaccine-induced and/or infection-induced immunity. When 
comparing Ct values of four analysed genes as measures of 
viral load, we found no significant difference between our 
groups, indicating similar initial viral load across our study 
population.

Fig. 1  Time at which participants became test-negative for SARS-CoV-2
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Taking into consideration the time period of our study 
and high incidence of cases at the time, we assume that the 
dominant SARS-CoV-2 variant was Omicron (B.1.1.529). 
WHO classified it as VOC on November 26, 2021, while 
the first confirmed case in Bosnia and Herzegovina was on 
December 29, 2021 [1, 2, 6]. Our results regarding clini-
cal manifestations are consistent with previous studies that 
indicate substantially lower vaccine effectiveness against 
symptomatic disease caused by the Omicron in comparison 
to previous variants [7, 8]. Even though their effectiveness 
is reduced, vaccines do provide adequate levels of protec-
tion against symptomatic disease in the first few weeks after 
administration [9]. However, the majority of our vaccinated 
participants (82.6%) have received their second dose 5 or 
more months before enrolment in the study, which might 
additionally influence the lack of symptom variation among 
four observed groups. Studies suggest that the Omicron vari-
ant is associated with the ability to evade immunity from 
prior infection [10–12]. That is also evident from our study, 
where 50.4% of participants have reported a previous SARS-
CoV-2 infection confirmed by RT-qPCR, of which 90% 
tested positive 5 or more months before our study. Consid-
ering that the large majority of participants had COVID-19 
or had been vaccinated with 2 doses well before enrolment 
in the study, we can assume that their immunity waned over 
time. Furthermore, our previous study demonstrated sus-
tained titers of SARS-CoV-2 IgG antibodies over one year 
of infection, implicating that specific neutralizing IgGs are 
crucial for control of virus spreading rather than sustained 
IgG titers [13].

Studies showed that the Omicron variant has less impact 
on the lower respiratory tract, with major clinical manifes-
tations being those of a “mild infection” [14, 15]. This is 
consistent with our findings, where only 5% of study par-
ticipants developed pneumonia, and none were hospital-
ized. However, our study population is generally younger 
and healthy, ranging from 21 to 65  years of age, and 
therefore our findings are not indicative of all age groups. 
According to the latest CDC (Centers for Disease control 
and Prevention) data, collected during Omicron’s preva-
lence, unvaccinated adults who are 65 and older are 5.3 
times more likely to be hospitalized due to COVID-19, in 
comparison to their fully vaccinated peers [16]. It is worth 
noting that we observed 9.1% of participants with no pre-
existing immunity (group 1) developing pneumonia, sug-
gesting that either vaccine-induced or infection-induced 
immunity do play a role in the prevention of serious dis-
ease outcome. To expand on the observed trends regarding 
group 1, it is notable that they experienced longer overall 
symptom duration (26.8% had symptoms for ≥ 7 days), and 
fever duration (33.3% had fever for more than 3 days). This 
directly correlates with longer viral clearance, where more 
than 50% of HCWs from group of participants without 
any pre-existing immunity tested negative after 8 or more 
days. However, it is not yet known how long infective virus 
persists in patients through different stages of infection, 
but it has been confirmed that successful SARS-CoV-2 
cultivation after 8 days from sampling or symptom onset 
is possible [17–19]. Worth noting is that other partici-
pants, regardless of pre-existing immunity, also showcased 
prolonged viral clearance to some extent. This raises a 

Fig. 2  SARS-CoV-2 genes and 
their Ct value means across 4 
groups by RT-qPCR
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concern since the latest CDC recommendation shortened 
isolation time from 10 to 7 days for HCWs, as long as they 
do not have symptoms [20]. Taking into consideration a 
relatively low rate of vaccination among HCWs from our 
study (36.9%), and a significant number of HCWs with no 
pre-existing immunity (31.2%), we should emphasize on 
protective equipment utilization in hospital environment. 
In particular, masks should still be obligatory, regardless 
of the immune status of HCWs, since Omicron variant is 
more transmissible when compared to previous variants 
[1]. This could provide additional protection to HCWs 
who are at occupational risk of SARS-CoV-2 infection, 
as well as to patients [5].

Viral load following Omicron infection does not seem to 
be related to increased infectiousness, as it was the case with 
previous VOCs [21, 22]. In our study, Ct values were utilized 
as surrogate markers for the amount of virus in a specific 
sample. The relevance of Ct value threshold as a measure of 
potential infectivity is still unclear [17]. We observed that 
there is no significant difference in Ct values of analysed 
genes between our four groups, indicating a consistent initial 
viral load in participants, irrespective of vaccination or pre-
vious SARS-CoV-2 infection. Omicron’s immunity evasion 
may be associated with unusually large number of mutations 
in the Spike (S) protein, which is responsible for binding and 
entry into host cells. Relative to the original strain, Omicron 
has 37 mutations in the S protein, of which 15 are in the 
receptor-binding domain, which is the target of many neu-
tralizing antibodies [3, 4, 23]. Of note is that previous stud-
ies show that the N-gene primer and probe set has a higher 
specificity compared to that of the RdRp gene, making it 
one of the best and most accurate targets for SARS-CoV-2 
detection [24]. This is in accordance to our findings which 
suggest that the E gene, followed by N and nsp14, based on 
the Ct value appearance, present more favourable targets for 
amplification, in comparison to the RdRp.

Our study showed significant correlation between prior 
contact with the SARS-CoV-2 and fever onset upon rein-
fection, irrespective of vaccination status, suggesting that 
infection-induced immunity could play an important role in 
the prevention of symptomatic disease. Furthermore, data 
from the UK show that loss of taste and smell was less com-
monly reported at the end of December 2021 (16/13%), as 
compared to the start of December 2021 when Delta vari-
ant dominated (44/44%) [25]. Our findings coincide with 
these data, where 14.2% (20/141) of our study participants 
reported loss of smell or taste. However, we found that 
previous infection strongly affected the occurrence of this 
symptom, irrespective of vaccination, suggesting a stronger 
upper-respiratory mucosal immunity after natural infection. 
This may be related to the fact that the current COVID-19 
vaccines are administered intramuscularly (systemic vacci-
nation), and primarily induce antibodies of the IgG class, 

and little to no respiratory IgA [26]. On the other hand, IgA 
are the most effective antibody class on respiratory mucosae, 
and several studies have found that they possess superior 
anti-viral properties vs. IgG for SARS-CoV-2 [27–29]. In 
support of this, hybrid immunity as a result of natural infec-
tion and vaccination, could prevent both localized and sys-
temic infection by VOCs, due to significantly larger boost to 
the neutralizing antibody response compared with 2 doses of 
vaccine or previous infection alone [30, 31].

This study has several limitations. Small number of par-
ticipants resulted in difficulty finding significant relationships 
from the data. Observing a larger group of HCWs should result 
in a more realistic distinction regarding our study points. Study 
participants’ median age was 39 years (ranging from 21 to 
65), which is not indicative of all age groups, especially older 
population. Along with that, the majority were females (83%), 
which although statistically not significant in regard to our 
study points, still may provide a bias towards certain effects in 
females. Furthermore, we did not provide comparison between 
different vaccine types, as there was an overall small percent-
age of vaccinated participants as a result of low availability of 
vaccines at the time, and we found no significant correlation 
between reported vaccine types and any objectives observed 
in this study (data not shown). Similarly, we only included 
HCWs who received 2 doses in the study, since there was a 
very limited number of participants who reported receiving a 
booster dose, which did not influence our results. Addition-
ally, Omicron variant was only assumed, not identified in each 
study participant. However, the study period coincides with 
the highest prevalence of COVID-19 in Bosnia and Herze-
govina and the period in which Omicron predominated, after 
two years of pandemic [32]. Further studies will be needed to 
confirm which Omicron subvariant caused our local cluster at 
the time of the study. Finally, although HCWs from our study 
underwent occasional antibody testing, that does not exclude 
the possibility that some of the asymptomatic participants 
seroconverted in the meantime.

Data presented in our study point towards the advantage 
of having adaptive immunity prior to Omicron infection, and 
as such contributes to the existing body of evidence on the 
role of specific immunity against SARS-CoV-2 infections. 
In conclusion, systemic vaccination of HCWs along with 
consistent protective equipment utilization might ensure an 
overall safer environment in health-care facilities.
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