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Abstract. Social isolation and quarantine have been implemented globally during outbreaks of a highly transmissible 

microbe. For instance, they were employed during the plague outbreak in 1894 and the COVID-19 pandemic in 2019. 

While these methods have proven effective against highly transmissible infections, they have also had significant neg-

ative consequences. In specific regions like Anbar, Diyala, Salahaddin, and Kirkuk, social isolation occurred during the 

period of ISIS occupation. After their liberation, these regions experienced a COVID-19 outbreak, and quarantine 

measures were put in place. This study aimed to investigate the effect of social isolation and quarantine on tuberculosis. 

Patients from Anbar, Diyala, Salahaddin, and Kirkuk districts were diagnosed with pulmonary or extrapulmonary tu-

berculosis according to the World Health Organization (WHO) guidelines, using methods like chest X-rays, acid-fast 

positive sputum slide method, culture, and Mycobacterium tuberculosis gene pert testing. All cases were documented 

at the Iraqi Ministry of Health. All four districts had the same population, socioeconomic status, and medical guidelines. 

Anbar showed a significant difference compared to the other districts, while the remaining three districts had no signif-

icant differences among themselves. The percentage of extrapulmonary tuberculosis was higher than the global average, 

indicating misdiagnosis. The age group of less than four years old had the lowest percentage of cases compared to other 

age groups, indicating the effective management of the BCG program. It can be concluded that social isolation and 

quarantine implemented during the COVID-19 pandemic might have led to an increase in cases of extrapulmonary 

tuberculosis in the studied regions. 
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PCR – Polymerase chain reaction 

SAS – Statistical Analysis System 

Introduction 

Tuberculosis, pulmonary, and extrapulmo-

nary, is a slow-progressing infectious disease 

that is diagnosed late because it shows a low-

grade fever and a mild form of cough that might 

be clinically misdiagnosed (Haitham et al., 

2019). A delay in the diagnosis of tuberculosis 

allows this microorganism to spread in the pop-

ulation, especially in highly crowded cities 

(Aljanabi et al., 2020). Anbar, Diyala, Sala-

haddin, and Kirkuk governorates follow the 

same guidelines of the MTB program in Iraq, 

and case documentation is reported annually. 

All investigations and medications for tubercu-

losis in Iraq are free, which will allow the pop-

ulation below the national poverty line to gain 

access to therapy (WHO, 2018). All four gov-

ernorates are similar in many factors, including 

population, economic status, degree of educa-

tion, lifestyle, type of meals, and medical ser-

vices, and were the target of ISIS (Alwan, 

2022). ISIS was eradicated from these gover-

norates in the same year. Laws were highly re-

strictive, and firm, and in some cities, they were 

in a way that only people from those cities were 

allowed to enter. Until today there is a poor eco-

nomic exchange between Diyala, Salahaddin, 

and Kirkuk, but still, none with Anbar (Adnan, 

2019). 

The geographical difference between these 

four governorates is in the distance separating 

their towns, cities, and villages. The civil com-

munications and economic exchange in each 

governorate are still poor (Ministry of Planning 
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Iraq, 2022). In Anbar, the cities are highly sep-

arated, and rarely do people travel from one city 

to another. Most of their communication is with 

Baghdad or Jordan. The population living be-

low the national poverty line is between 14-

25% (Mahmoud, 2015; Mahde et al., 2015). 

Salahaddin governorate shows the highest re-

strictive cities where only people from the same 

city, town, or village are allowed to enter. Most 

of the people there communicate with people in 

Kirkuk, Arbil, and Mosul. The population liv-

ing below the national poverty line is between 

38-49% (Fadhil, 2013; IMO Iraq, 2021; Hasim, 

2014). Diyala and Kirkuk lie on the highway 

between Baghdad and Arbil, which makes them 

both highly visited governorates. Some of their 

cities show restrictive laws to enter them. The 

population living below the national poverty 

line in Diyala is between 26-37%, while in Kir-

kuk, it is between 4-13% (Fadhil, 2013; Samir 

et al., 2021). 

The World Health Organization (WHO) 

guidelines published on the 11th of September 

2020 recommended the use of quarantine as a 

method to prevent the spread of COVID-19. 

The method of quarantine or social isolation is 

an old method used to prevent highly transmis-

sible microbial infections globally. For exam-

ple, in 1894 villages and towns were closed as 

a result of the plague outbreak. It was and still 

is a method to decrease morbidity and mortality 

(WHO, 2020; Allami, et al., 2023). The prob-

lems with quarantines and social isolations are 

that they induce a socio-economical problem of 

poverty with high numbers of unemployment 

that will lead to psychological diseases, stress, 

malnutrition, and will cause weakness of the 

immune system that could increase the risk of 

tuberculosis (Jurblum et al., 2020). 

The present study was conducted to investi-

gate the effect of social isolation and quarantine 

on cases of tuberculosis in four Iraqi gover-

norates. 

 

Materials and Methods 

A cross-sectional descriptive study and sam-

ple analysis 

A cross-sectional descriptive study was con-

ducted in Baghdad at the National TB Institute 

in collaboration with the Medical Microbiology 

Department, College of Medicine, University 

of Anbar, Anbar, Iraq from the 1st of March 

2022 to the 10th of September 2022. A total of 

1,248 patients were diagnosed positive for pul-

monary and extrapulmonary tuberculosis by 

chest X-rays, and the acid-fast positive sputum 

slide method. All results were confirmed by 

blood mycobacterium tuberculosis complex de-

tection polymerase chain reaction (PCR) kit for 

extrapulmonary tuberculosis, cultured on Low-

enstein-Jensen (LJ) medium, and confirmed by 

mycobacterium tuberculosis Gen X-pert 2021 

for pulmonary tuberculosis. 

 

Ethical approval 

The research was ethically approved by the 

Ethical Committee at the University of Anbar 

and the Ministry of Higher Education in Iraq. 

All 1,248 cases documented in the National TB 

Institute and National TB Control Program 

were included in this research. Patients who 

were documented in these governorates and had 

a vacancy outside were excluded. Also, patients 

documented as cases of follow-up from the year 

2020 were excluded. Patients showing positive 

screening tests and negative-specific tests were 

excluded. 

 

Statistical analysis 

The Statistical Analysis System (SAS; ver-

sion 2012) program was used to detect the ef-

fect of different factors in the study parameters. 

A Chi-square test was employed to signifi-

cantly compare between percentages in this 

study. 

 

Results 

The sample size calculator by Raosoft, Inc. 

determined that a 3.6% margin of error and a 

95% confidence level were acceptable for the 

sample size. The 1,248 TB patients from the na-

tional surveillance data were the source of all 

the data used in this study. Of these, 699 pa-

tients were diagnosed with pulmonary TB, and 

549 patients were diagnosed with extrapulmo-

nary tuberculosis. The female-male ratio was 

1:1.2. In every governorate, the proportion of 

females was higher. Ages ranged from less than 
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4 to 65+ years. The highest age incidence was 

between 15–24 years (19.5%) while the lowest 

age incidence was less than 4 years (3.0%). HIV 

testing was negative in every case. In all four 

governorates, including Anbar, the percentage 

of extrapulmonary tuberculosis was higher than 

that of pulmonary tuberculosis, as presented in 

Figure 1. Table 1 shows that Anbar, with a 

slightly higher population than the rest gover-

norates, has a significantly different total inci-

dence of tuberculosis than the other gover-

norates, although all four governorates use the 

same diagnosis guidelines and treatment regi-

mens. When the remaining three governorates 

were compared to one another (Tables 2 and 3), 

there was no significant difference between 

them, and Diyala's total incidence of tuberculo-

sis decreased, suggesting that the three gover-

norates were implementing effective control 

measures. 

 

 
 

Fig. 1. Percentage of patient’s extrapulmonary EP and pulmonary tuberculosis PTB in province 

 

 

Table 1 

Comparison between Anbar and Salaheddin, Diyala,  

and Kirkuk governorates for the total infection rate in each governorate 

 
Total 

incidence 
Population 

Rate of incidence 

% 

Total 

incidence 
Population 

Rate of incidence 

% 

P-

value 

Anbar Salaheddin  

250 1,818,318 0.0137 

348 1,637,232 0.0213 0.001 

Diyala  

346 1,680,328 0.0206 0.001 

Kirkuk  

304 1,639,953 0.0185 0.001 

 
Table 2 

Comparison between Salaheddin, Diyala,  

and Kirkuk governorates for the total infection rate in each governorate 

 
Total 

incidence 
Population 

Rate of incidence 

% 

Total 

incidence 
Population 

Rate of incidence 

% 
P-value 

Salaheddin Diyala  

348 1,637,232 0.0213 

346 1,680,328 0.0206 0.676 N.S 

Kirkuk  

304 1,639,953 0.0185 0.081 N.S 
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Table 3 

Comparison between Diyala  

and Kirkuk governorates for the total infection rate in each governorate 

 

Diyala Kirkuk 

P-value Total 

incidence 
Population 

Rate of 

incidence % 

Total 

incidence 
Population 

Rate of 

incidence % 

346 1,680,328 0.0206 304 1,639,953 0.0185 0.181 N.S 

 

 

 
 

Fig. 2. The frequency of Tuberculosis in the cities of the four governorates 

 

 

Discussion 

Only 16% of tuberculosis cases worldwide 

are extrapulmonary; the remainder are pulmo-

nary (WHO, 2018). All of the cases of extrap-

ulmonary tuberculosis were greater than 16% 

of the total cases of tuberculosis (Fig. 1). This 

could be explained by the fact that a large num-

ber of cases in 2020–2021 were either misdiag-

nosed as COVID-19 or connected to it, given 

that the majority of patients (89.65%) had a his-

tory of the virus and that all of them had come 

into contact with a relative infected with the vi-

rus. This observation is in agreement with the 

WHO report on the impact of COVID-19 on tu-

berculosis, which stated that there was a global 

reduction in tuberculosis care of about 21% 

since 2019, and might even lead to 500,000 

more deaths due to tuberculosis (WHO, 2021; 

Hassoon, 2022). Even though the TB program 

is the same in all three governorates, Anbar 

needs special attention because it has higher 

rates of extrapulmonary tuberculosis than pul-

monary TB and differs significantly from the 

other two (Table 1). In addition, the gover-

norate has the highest rate of misdiagnosis and 

has experienced longer social isolation from 

ISIS than the other governorates, which has 

caused many cases to delay seeking medical at-

tention. This finding agrees with the Chinese 

and European Union, both stating that extrap-

ulmonary tuberculosis is the most challenging 

diagnosis because of its diversity in symptoms 
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and that many of them failed to reach the pri- 
mary cause (Solovic et al., 2013). There was no 
significant difference between the Diyala, Sal- 
ahaddin, and Kirkuk governorates in the cases 
of the total amount of tuberculosis (Tables 2 
and 3). Diyala, Salahaddin, and Kirkuk gover- 
norates have a common degree of communica- 
tion economically, and socially. Since 2014, 
they have shown an internal migration, and 
their major market is in Kirkuk although, Di- 
yala has more relation with Baghdad since it is 
closer to it and a lot of the family relatives live 
or migrated to Baghdad. In addition, Diyala cit- 
ies have better social and economic connectiv- 
ity, which may help to explain why the city has 
a higher tuberculosis rate than the other gover- 
norates (Hussam et al., 2022). Given that Di- 
yala's occupancy is lesser and its connectivity 
with Baghdad is higher, it makes more sense to 
classify it with the governorates that surround 
Baghdad rather than as governorates that are 
under ISIS control. Also, Salahaddin and Kir- 
kuk governorates are similar in their percent- 
age, although people from Kirkuk rarely go to 
Salahaddin since its cities are restricted only to 
their occupiers (Fig. 1). More so, poverty is a 
key risk factor for tuberculosis and is more 
prevalent in Salahaddin, particularly in urban 
areas where agriculture is the primary source of 
income (Amin 2017; Buniya et al., 2018). 
    The cluster distribution in both governorates 
was not equally distributed and shows the high- 
est percentage in urbanized cities mostly in Kir- 
kuk (Fig. 2). Salahaddin should have shown the 
highest numbers of tuberculosis since it is an 
agriculture-dependent governorate. Still, the ru- 
ral cities had a lower percentage than that of the 
urbanized, especially Tikrit indicating that the 
BCG vaccination program is quite effective, 
and the cases of infection are mostly driven 
from Kirkuk. This could help in the eradication 
of tuberculosis by constructing a screening pro- 
gram for Kirkuk and treating the undetected 
cases in that governorate, which might improve 
the case number in Salahaddin. That is if bacte- 
rial transmissibility is taken as a higher risk fac- 
tor than poverty. The similarity in the incidence 
of pulmonary, and extrapulmonary tuberculosis 
in the three governorates in comparison to the 

population of each one might be explained by 
the proper distribution of the tuberculosis cen- 
ters in each governorate. Still, the picture of 
high levels of extrapulmonary tuberculosis re- 
quires attention. Anbar has a low communica- 
tion activity with the other governorates, and 
even its cities show a low communication activ- 
ity besides being distant from each other. It also 
went through two periods of social isolation: 
the first occurred during the ISIS occupation, 
and the second was during the COVID-19 out- 
break (Hassoon et al., 2017). This governorate 
showed a significant difference among the rest 
three governorates. It also showed the highest 
number of extrapulmonary tuberculosis among 
them and in comparison, to pulmonary tubercu- 
losis, it is regarded among the non-poor gover- 
norates in Iraq making it easy to explain the re- 
sults as misdiagnosis. Therefore, there is a need 
to follow up on the TB program methodology 
in that governorate. In Anbar, social isolation 
did not improve the outcome or decrease the 
case number because it showed a higher num- 
ber of extrapulmonary tuberculosis indicating 
that these cases were pulmonary tuberculosis 
one to two years previously and were misdiag- 
nosed. It also proved that social isolation hurt 
the control program for tuberculosis either 
throw difficulty to reach the centers or the mis- 
diagnosis. Poverty is still viewed as a signifi- 
cant disadvantage, even though quarantine is 
one of the main strategies for containing highly 
transmissible infections and is approved by the 
WHO (WHO report, 2021). The risk of extrap- 
ulmonary tuberculosis has been shown to in- 
crease in China in the last few years i.e., during 
the COVID-19 pandemic. It was thought to be 
related to the development of highly resistant 
strains of the MBT complex. Social isolation 
and quarantine have a higher effect than re- 
sistant microorganisms because in all four gov- 
ernorates, the disease was treatable by the Iraqi 
TB control program and there were less than 
1% of resistant cases (Pang et al., 2019; Ab- 
dulrazaq et al., 2016). 

 
Conclusion 
Following the COVID-19 quarantine, there 

has been a significant rise in the number of ex- 
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trapulmonary tuberculosis cases globally (more 

than 16%) and in Anbar, even reached higher 

levels than pulmonary tuberculosis, which re-

quires attention. Following the global experi-

ence with quarantine techniques, an analysis of 

the program between countries that strictly im-

plement it and those without quarantine laws 

ought to be performed. These studies should 

take into consideration mycobacterium tuber-

culosis as it is a slow-progressing microbial 

pathogen. 
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