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Background and Objectives: Tuberculosis (TB) is a global public health issue. The emergence
of multidrug-resistant (MDR) TB has further complicated the situation in the form of poor treatment
outcomes and costs to individuals and health-care systems. We therefore aimed to measure the
prevalence and associated risk factors of MDR TB among TB patients in Makkah city.

Patients and Methods: This was a cross-sectional study conducted at Al-Noor Specialist
Hospital, a public-sector hospital in Makkah. We included records of 158 confirmed TB
patients from the list of all patients admitted in the hospital from January 2009 to January
2019 by systematic random sampling. Data were collected on socio-demographics, clinical
profile and drug resistance patterns. Analysis was done in SPSS version 21.0.

Results: The mean age of the participants was 43.4 £+ 18.7 years, and two-thirds (66.5%)
were male. About 40% of the patients had chronic disease while lung disease other than TB
was present in 5% patients. About 13% of cases were extrapulmonary infections. Prevalence
of drug resistance was found to be 17.1% among TB patients. Among the resistant cases,
streptomycin (25.9%) and isoniazid (11.1%) were the drugs most commonly affected by
resistance. Prevalence of MDR TB was 5% among TB patients. Age, smoking, lung disease
and previous TB were significant factors associated with MDR TB.

Conclusion: Prevalence of MDR TB, although comparable to current national estimates, is
higher compared to previous reports. There is a need to reduce this burden through strength-
ening TB control programs to prevent further emergence of a public health threat of MDR
TB. History of previous TB was the strongest risk factor in this study. This calls physicians,
program managers and policy makers to focus on counselling and support of TB patients for
compliance with the regimen to complete treatment without interruption.
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Introduction

Tuberculosis (TB) is a major health challenge globally and countries around the
world are striving to tackle this using high standards of prevention and control
measures. Across the globe, over 10 million new cases of TB in 2018 and 1.2
million deaths resulted from this disease." By the year 2035, the World Health
Organization (WHO) aims to achieve a reduction in the incidence rate of TB by
90% and a reduction of its deaths by 95%, with the ultimate goal of total eradication
of TB worldwide.? The annual TB incidence rate was 10/100,000 population in
2018 in Saudi Arabia.' The most important factors behind this continued burden of
TB in the Kingdom of Saudi Arabia (KSA) include Hajj and Umrah pilgrimage and
a large proportion of expatriates, the majority of which belongs to Asia and Africa
where TB burden is high.’
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Treatment failure may result in multidrug-resistant
tuberculosis (MDR TB) which is defined as bacilli resis-
tant to both isoniazid and rifampicin with or without the
involvement of other drugs.* Based on the drug suscept-
ibility testing (DST), the MDR TB is classified as: mono-
resistant TB (resistance to only one first-line anti-TB
drug), polydrug-resistant TB (resistance to conventionally
more than one first-line anti-TB drug and they are neither
isoniazid nor rifampicin), multidrug-resistant TB (MDR
TB) (resistance to minimally both isoniazid and rifampi-
cin), rifampicin-resistant TB (RR-TB) (resistance to rifam-
picin); and extensively drug-resistant TB (XDR-TB),
which is resistance to any fluoroquinolones and at least
one of the three second-line injectable drugs (amikacin,
capreomycin, and kanamycin) in addition to multidrug
resistance.’

MDR TB is an important problem globally because of
its serious social and economic consequences. Makkah,
being the pilgrimage hub, has potential for the spread of
communicable diseases like any other place in the world
where there are mass gatherings. People are in close con-
tact with each other and for longer durations and therefore
the risk of spread of respiratory infections is high. The
literature on MDR TB in KSA is scarce and to the best of
the authors’ knowledge no study has been conducted in
Makkah to measure the prevalence and associated risk
factors of MDR TB. This study therefore aimed to measure
the prevalence and associated risk factors of MDR TB
among TB patients in Makkah city.

Patients and Methods
Study Design and Setting

This was a cross-sectional study conducted in Makkah Al-
Mukarramah, which is located in the western part of the
KSA. It is about 400 km away from Madinah and 72 km
from Jeddah. It contains Almasjed Alharam (Sacred
Mosque) and the Kaaba, which is the Qibla for Muslims
in their prayer. The city of Makkah also includes holy
places for Muslims to perform Hajj such as Muzdalifah,
Mina and Arafat. This study was carried out in Al-Noor
Specialist Hospital, a public-sector hospital in Makkah.

Study Population
Officially registered confirmed TB patients al Al-Noor
Specialist Hospital over the last 10 years, ie, January
2009 to January 2019.

We included all adult confirmed TB cases registered in
the hospital. Those who were transferred out were
excluded from the study.

Sample Size

According to the official statistics provided by Al-Noor
Specialist Hospital administration, there was a total of 634
confirmed TB patients registered in the hospital records.
We used an expected prevalence of MDR TB cases,
reported to be 11.8%.° At a confidence level of 95% and
a tolerable error of 5%, the sample size for this study is
calculated using the Raosoft statistical program to be 128
patients. The sample size was increased by 20% to com-
pensate for any missing data. So the final sample size
required was 154 participants.

Sampling Technique

After listing all 634 registered patients, participants in the
Medical Record Numbers (MRN), systemic sampling
technique was applied to it. The k-th number obtained
was “4.11”, which we rounded off to “4” to avoid under-
sampling. Every fourth patient on the list was included in
the sample population until the list was completed.

Data Collection Tool (Instrument) and

Procedure

The researchers used a data collection sheet which was
developed by the research team after review of literature
and reviewed and approved by two infectious disease con-
sultants. The data collection sheet had two sections. The first
section collected information about socio-demographic and
personal data including age, gender, nationality, place of
residence, occupation, smoking, exercise, weight, height,
and Body Mass Index (BMI). The second part included
variables on clinical data including the presence of chronic
diseases (diabetes, hypertension, asthma, hypercholesterole-
mia, among others), TB site, lung diseases, HIV, chronic
renal failure, immunosuppression, previous TB treatment
(whether completed or interrupted) and drug resistance.

All these clinical and laboratory data were extracted
from the patients’ records. In practice, the diagnosis of TB
infection is done through standardized sputum microscopy
and chest X-ray. GeneXpert Polymerase Chain Reaction
(PCR), which was introduced by Ministry of Health in
KSA in 2015, as well as appropriate culture and sensitivity
for all confirmed TB patients are done for drug resistance.
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All selected files based on sampling strategy were
assessed for eligibility. Once meeting the eligibility cri-
teria, records were extensively reviewed by the researcher
and data collectors. Anonymity of the participants was
ensured by excluding from data collection any personal
identifiers such as name, ID number or any other informa-
tion that could reveal the identity of the participants. All
the required data were documented in the data collection
sheet. If there were any missing data with regard to cul-
tures or needed investigations, a thorough search was done
in the appropriate laboratory section in the hospital look-
ing for the missing results. If the results were still missing,
the participant’s file was replaced by the next one on the
list.

Data Analysis

Data were entered and analyzed using the statistical pack-
age for social sciences (SPSS) version 24. Descriptive
analysis was carried out to measure frequencies and pro-
portions for categorical variables and means with standard
deviations for continuous variables. Prevalence of primary
and secondary outcomes, ie MDR TB and drug-resistant
TB (resistant to any anti-TB drug), respectively, were
determined. Univariate and multivariate logistic regression
were used to assess the risk factors associated with out-
come variables. Variables which had a p-value <0.25 in the
univariate analysis or were biologically plausible were
carried into multivariate models. Variables in the final
multivariate models were retained based on the —2 log
likelihood ratio and contribution in the overall model.
We developed separate models for primary and secondary
outcomes. A p-value less than 0.05 was considered statis-
tically significant for all inferential analysis.

Ethical Considerations

This study was conducted in accordance with Declaration
of Helsinki and approved from the IRB committee in
Makkah Region (H-02-K-076-1119-219). All information
was kept confidential and no personal identifiers were
collected.

Results

A total of 158 records met our eligibility criteria and were
included in the data analysis. The mean age of the parti-
cipants was 43.4 + 18.7 years and two-thirds (66.5%) were
male. Almost half of the patients were Saudi (48.1%).
Among non-Saudi participants the majority were from
Pakistan (20.7%), followed by Myanmar and India with

12.2% and 9.8% respectively. The majority of the partici-
pants (84%) were resident in Makkah, and the remainder
were visiting Makkah for pilgrimage. About 41% of the
participants were ever smoker. Mean weight (kg) and
height (cm) were 63.1 (£11.0) and 163.8 (£7.5), respec-
tively. Mean BMI was 24.4 (£4.2) kg/m®. The proportion
of underweight participants was 7.2% while 40.3% of the
patients were overweight or obese. About 40% of the
patients had chronic disease while lung disease other
than TB was present in 5% patients. Only one participant
(0.7%) was positive for HIV (Table 1).

The majority of cases were pulmonary TB while 13.3%
were extrapulmonary infections. Of the extrapulmonary
cases, the most common site was the spine (61.9%) fol-
lowed by lymphadenitis and meningitis (14.3% each).
Fourteen (8.9%) patients had a history of previous TB
infection, of which 64.3% (9) patients had interrupted
TB treatment. Prevalence of drug resistance was found to
be 17.1% among TB patients. Streptomycin (25.9%) and
isoniazid (11.1%) were the drugs most commonly affected
by resistance. Nearly half (44%) of the drug resistances
cases were of monoresistance. Multidrug resistance was
present in about 30% of the drug resistance cases.
Nineteen percent of the cases were polyresistant (Table 2).

Figure 1 shows the prevalence of MDR TB among all
TB patients, which was found to be 5%. The prevalence of
MDR TB was significantly higher among patients who had
TB previously (21.4%) compared to new cases, where the
prevalence was 3.5%.

Table 3 shows the factors associated with MDR TB
among TB patients. In univariate analysis we found that
MDR TB was associated with smoking [crude odds ratio
(OR) 12.0 (95% CI: 1.42-101.62)] and previous TB [OR
7.6 (95% CI: 1.60-36.0)]. No association was found
between MDR and age, gender, nationality, residence,
BMI, presence of chronic disease, presence of lung disease
and site of TB infection. Multivariate analysis showed that
age was positively associated with risk of MDR TB
[adjusted OR (aOR) 1.094 (1.016-1.179)]. Ever smoking
was strongly associated with MDR TB [aOR 72.1 (95%
CI: 2.41-2157.8)]. The presence of chronic disease was
found to be protective against MDR TB [aOR 0.20 (95%
CI: 0.001-0.37)]. The presence of lung disease and pre-
vious TB were also significant predictors of MDR TB in
multivariate analysis.

We also looked for the factors associated with any type
of anti-TB drug resistance. In the univariate analysis we
found no significant association of drug resistance with
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Table | Socio-Demographic and Physical Characteristics of
Tuberculosis Patients (n = 158)

Variables Frequency Percentage
Age
Mean (SD) 43.4 (18.7)
Gender
Male 105 66.5
Female 53 335
Nationality
Saudi 76 48.1
Non-Saudi 82 51.9
Non-Saudi (n = 82)
Pakistan 17 20.7
Myanmar 10 12.2
India 8 9.8
Yamen 7 8.5
Other 40 48.8
Residence
Makkah 132 83.5
Outside Makkah 26 16.5
Occupation (n = 35)
Student 12 343
Teacher 5 13.9
Jobless 5 13.9
House wife 3 8.6
Laborer 3 8.6
Driver 2 5.7
Nurse 2 57
Retired 2 5.7
House maid | 29
Smoking (n = 103)
Non-smoker 6l 59.2
Ever smoker 42 40.8
Weight (n = 140)
Mean (SD) 63.1 (11.0)
Height (n = 139)
Mean (SD) 163.8 (7.5)
BMI (n = 139)
Mean (SD) 244 (4.2)
BMI (n = 139)
Normal 73 52.5
Underweight 10 72
Overweight/bese 56 40.3
Chronic disease
Yes 64 40.5
No 94 59.5
(Continued)

Table | (Continued).

Variables Frequency Percentage
Lung disease

Yes 8 5.1

No 150 94.9
HIV nfection (n = 139)

Yes 0.7 |

No 99.3 138

any of the studied variables. In the multivariate model age
was significantly associated with drug resistance and it
was found that each year increase in age led to a 4%
increase in the risk of drug resistance [aOR 1.04 (95%
CI: 1.004-1.071)]. Unlike MDR TB, chronic disease and
previous TB were not significantly associated with drug
resistance (Table 3).

Discussion

This is one of the few studies from the western region of
Saudi Arabia to measure the burden and risk factors of
MDR TB. We found that the prevalence of MDR TB was
5% among TB patients. The prevalence of any anti-TB
drug resistance was found to be 17.1%. The prevalence of
MDR TB was significantly higher among patients with a
previous history of TB, 21.4% versus 3.5% in new cases.
Age, smoking, chronic disease, lung disease other than TB
and history of previous TB were factors significantly asso-
ciated with MDR TB.

The prevalence of MDR TB (5%) reported in this study is
comparable to national estimates, which have been reported
to be around 4.4%.” However, a previous national survey
reported a lower prevalence (1.4%) of MDR TB in Saudi
Arabia.® A possible reason for this low prevalence could be
low detection of MDR TB previously. Prevalence in this
study from Madinah
Almunawarrah, where it was reported to be 4.0%.°

study is similar to a recent

However, a study from the Najran region of Saudi Arabia
reported a very high prevalence (20.6%) of MDR TB.'® A
possible reason for this high prevalence as mentioned by the
authors is that the Najran region is close to the border of
Yemen, which has the highest TB burden in the region and
there was frequent movement of people across the border.
Another possible reason for this high proportion of MDR TB
could be the study setting from where the sample was drawn.
They recruited participants from a chest clinic, which may
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Table 2 Characteristics of Tuberculosis (n = 158)

Variables Frequency | Percentage
TB site
Pulmonary 137 86.7
Extrapulmonary 21 133
Extrapulmonary site (n = 21)
Spine 13 61.9
Lymphadenitis 3 14.3
Meningitis 3 143
Abdomen | 4.8
Bone | 4.8
Previous TB treatment
Yes 14 89
No 144 9.1
Status of previous treatment (n = 14)
Completed 5 35.7
Interrupted 9 64.3
Drug resistance
Yes 27 17.1
No 131 829
Names of drug (n = 27)
Streptomycin 7 259
Isoniazid 3 1.1
Ethambutol 2 74
Rifampicin 2 74
Streptomycin—isoniazid 2 74
Streptomycin—rifampicin 2 74
Rifampicin—isoniazid 2 74
Streptomycin—isoniazid—ethambutol | 37
Rifampicin—isoniazid—ethambutol | 37
Rifampicin—isoniazid—ethambutol-streptomycin 2 74
Rifampicin—isoniazid—ethambutol-pyrazinamide | 37
Rifampicin—isoniazid—ethambutol- 2 74
streptomycin—pyrazinamide
Resistance class (n = 27)
MDR 8 29.6
Mono 12 444
Rifampicinesistant 2 74
Polyresistant 5 18.5

have more severe/resistant cases than other settings. The
prevalence of MDR TB in our study is also comparable to
the estimated prevalence in Gulf Cooperation Countries
(GCC) of 4%. However, it ranges from 1.7% to 6.3%.""

The prevalence of any drug resistance was 17% in our
study, which is slightly higher than national estimates
(15.5%).® However, a higher prevalence of drug resistance
was reported from Turkey (29%).'? Streptomycin and iso-
niazid were the drugs most commonly affected by resis-
tance in our study. A similar pattern has been reported in
national surveys from Saudi Arabia.>’

HYes H No

Figure | Prevalence of MDR TB among TB patients in Makkah (n = 158).

The prevalence of MDR TB among patients with pre-
vious history of tuberculosis has been consistently
reported to be high.*'""'*'* We also found very high
prevalence of MDR TB among patients with previous TB
history. This prevalence in our study was higher, 21.4%
compared to 15.9% reported previously from Saudi
Arabia.® Prevalence among newly diagnosed cases is
higher in our study compared to that reported in previous
studies from Saudi Arabia.*’ These higher rates reported
in our study compared to other studies from KSA could be
due to fact that this study was conducted in the holy city of
Makkah, which is the main pilgrimage center and millions
of people visit the place year-round. This also includes
people from high TB burden countries. It has been
reported that during Hajj season, TB was the most com-
mon reason for hospitalization.'> Another study from
Russia reported a very high prevalence (19.6%) of MDR
among new cases.'®

The association of age with risk of MDR TB is inconsistent
and inconclusive in literature. We found that increasing age
was associated with increased risk of MDR TB. This finding is
in contrast to the findings of studies from Saudi Arabia,’
Ethiopia'” and Europe'® where they found a negative associa-
tion between age and risk of MDR TB. However, other inves-
tigators did not find any significant association of age with risk
of MDR TB."*! One study reported a positive association
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between age and MDR TB.?* This difference could be due to
fact that the age range of the studied population varied from
study to study. Moreover, an inadequate sample size could also
explain this inconsistency of association of age with MDR TB.
Smoking was found to be significantly associated with
increased risk of MDR TB in our study. This finding is similar
to a study from Russia.'® We found that the presence of
chronic disease was protective against MDR TB. This finding
is in contrast to other studies which have reported increased
risk of MDR TB with chronic diseases such as chronic
obstructive pulmonary disease and diabetes mellitus.>**
There is the possibility that patients with chronic disease are
more health-conscious and compliant with the treatment regi-
men because of their longstanding diseases.

A previous history of TB has been widely reported as
risk factor of MDR TB. We found a strong association
between previous TB and MDR TB. This finding is consis-
tent with studies from Saudi Arabia and other parts of the
world.>"'7#32% Thjs finding has important implications for
all the stakeholders in TB control, including policy makers,
program implementers, physicians and other health workers
and patients that compliance to the treatment is an essential
part in TB management. Policy makers and implementers
should ensure adequate and uninterrupted supply of anti-TB
drugs. Physicians and health-care workers should counsel
and educate patients and their families about their treatment
regimen and ensure close follow-up of the patients. The
patients should comply with the advice of health-care pro-
viders and seek regular follow-ups.

This study, to the best of our knowledge, is the only
study from Makkah to report prevalence and risk factors
of MDR TB. This study was done in a large public-
sector hospital of Makkah and included confirmed
cases of TB. However, certain limitations need to be
considered while interpreting the findings of this study.
First, this study was done in a single center which may
limit its generalizability. However, the pattern of socio-
demographic characteristics of the sample is similar to
other studies from KSA. Second, we did a power calcu-
lation for the prevalence only. The sample may not be
adequately powered for the risk factors assessed in this
study. This is also evident from the very wide confidence
intervals. Third, the cross-sectional nature of the study
does not allow establishing a temporal relationship
between exposure and outcome variables. Lastly, any
comparison with the findings of other studies should be
interpreted cautiously as there are variations in the study
designs, settings, populations and methods used.

Conclusion

The prevalence of MDR TB in this study is comparable to
estimates from Saudi Arabia. However, there is still a need to
reduce this burden through strengthening TB control programs
to prevent further emergence of a public health threat of MDR
TB. We also investigated putative risk factors of MDR TB.
Increasing age, smoking, and previous TB were factors asso-
ciated with higher risk of MDR TB. History of previous TB
was the strongest risk factor in this study. This calls physicians,
programs managers and policy makers to focus on counselling
and supporting TB patients for compliance with the regimen to
complete treatment without interruption.
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